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Section 1 - Introduction

1.1 Background

The Six Basins are a group of adjacent groundwater basins, located just south of the San Gabriel
Mountains in eastern Los Angeles and western San Bernardino Counties. Figure 1-1 shows the
location of the Six Basins and the boundaries of the regional and local water purveyors in the
area. Groundwater is pumped from the Six Basins primarily by public water agencies and
mutual water companies that supply water for municipal uses. Figure 1-2 is a map that shows
the locations of the existing municipal production wells within the Six Basins.

The main source of groundwater replenishment to the Six Basins is surface-water runoff from
precipitation that falls on the San Gabriel Mountains and recharges at spreading grounds
located along the foot of the mountain range—predominantly at the San Antonio Spreading
Grounds (SASG). The water-supply agencies also use imported surface water from the
Metropolitan Water District of Southern California (MWDSC) for artificial recharge at the
spreading grounds (and for direct consumptive uses).

The pumping and storage rights for the Six Basins were adjudicated in 1998 through a
stipulated judgment (Judgment) titled “Southern California Water Company vs. City of La
Verne, et al.” in the Superior Court of California for the County of Los Angeles (Case No.
KC029152). The Judgment prescribes a physical solution for the coordinated management of
the Six Basins with the objective that the Parties to the Judgment can reliably pump their
respective rights and maximize the beneficial use of groundwater. The Judgment also
established the Six Basins Watermaster (Watermaster) to implement the physical solution. The
Court maintains continuing jurisdiction over the Judgment.

The Judgment is the current groundwater management plan for the Six Basins. The main
components of the Judgment include the establishment of:

e a Safe Yield of 19,300 acre-feet per year (acre-ft/yr) of annual groundwater pumping

o the allocation of base annual production rights to the individual Watermaster Parties,
expressed as a percentage of the Safe Yield

e an Operating Safe Yield (0OSY) that is determined annually by the Watermaster, which
is based on the Safe Yield and the current and expected recharge, pumping, and
groundwater levels; and is allocated in proportion to the base annual production rights

e Carryover Rights, which allow up to 25 percent of a Party’s unused annual OSY to be
carried over for use in the subsequent operating year

o therules and methods for “replacing” groundwater pumped in excess of a Party’s share
of the OSY

o the rules and responsibilities for the continued replenishment of the Six Basins with
native surface water from the San Gabriel Mountains

e monitoring and mitigation measures to protect against the threat of rising
groundwater

e guidelines for entering into Storage and Recovery Agreements

e the governance structure and rules to conduct and fund Watermaster activities

November 2017

081-017



Strategic Plan for the Six Basins 1 - Introduction

The Watermaster is a committee of representatives of the Parties to the Judgment, which
include:

City of Claremont - a City that overlies the Six Basins and is served water by the Golden
State Water Company

City of La Verne - a municipal water purveyor in the Six Basins
City of Pomona - a municipal water purveyor in the Six Basins
City of Upland - a municipal water purveyor in the Six Basins

Golden State Water Company - an investor-owned public utility that serves water in the
Six Basins to the City of Claremont

Pomona College - an educational corporation in the Six Basins that has executed an
agreement with Golden State Water Company with regard to its groundwater rights

Pomona Valley Protective Association - a California corporation that is responsible for
conducting replenishment activities in the Six Basins at the direction of the
Watermaster

San Antonio Water Company - a mutual water corporation that pumps groundwater
from the Six Basins, and other basins, for use by its shareholders

Three Valleys Municipal Water District — the main imported water wholesaler to the Six
Basins agencies

West End Consolidated Water Company - a mutual water corporation that pumps
groundwater from the Six Basins, and other basins, for use by its shareholders (the two
shareholders are the City of Upland and the Golden State Water Company)

The Watermaster convenes monthly to conduct its business and prepares an annual budget
and assessment to fund its operations and activities. The Watermaster maintains a website to
disseminate important documents and data (e.g., meeting agendas and minutes, production
and groundwater elevation data, guiding documents, Watermaster forms) to the Parties, other
stakeholders, and the interested public at www.6bwm.com.

1.2 Objective of the Strategic Plan

The Watermaster Parties have about 17 years of experience with the Judgment and
implementing its physical solution. Some Parties have raised questions and concerns about the
current operating rules, regulations, agreements, and practices of the Watermaster. Some
Parties desire a better technical approach to the management of the Six Basins. Because of
these and other issues, the Watermaster Parties collectively agreed to enhance the
management of the Six Basins beyond the execution of the Judgment, and in 2012, initiated the
development of a Strategic Plan for the Six Basins (Strategic Plan). The Watermaster Parties
envision that the Strategic Plan will be a new integrated management program for the Six
Basins, and that it may require amendments to the Judgment.

Through the development of the Strategic Plan, the Parties of the Six Basins Watermaster have
defined a paradigm from which to view their collective goals for sustainable water
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management, the current and anticipated challenges in the Six Basins, and the approaches and
potential solutions to those problems. This paradigm is described in the following Mission
Statement:

The objective of the Strategic Plan is to develop a water-resources management
program that sustains and enhances the water supplies available to the Six
Basins in a cost-effective manner and in accordance with the Judgment.

1.3 Core Values of the Watermaster Parties

The Watermaster Parties adopted the following Core Values associated with their efforts to
develop the Strategic Plan:

Increase Local Supplies. Most water purveyors in the Six Basins will - for an
undetermined time into the future — be partly dependent on imported water for direct
uses. Because imported supplies may not always be available, the Parties will work
together and strive to minimize dependency on imported water and to maximize the
use of local supplies when economically justified.

Groundwater Storage. Unused groundwater storage capacity is a precious natural
resource. The Parties will manage the unused storage capacity to improve the water
quality and reliability of Six Basins groundwater, and minimize the cost of water. The
Strategic Plan will encourage the development of regional conjunctive-use programs.

Stormwater Recharge. The Parties will strive to increase stormwater recharge and
thereby maintain and enhance the sustainable yield and water quality of the Six Basins.

Water Quality. The Parties desire to improve groundwater quality in the Six Basins
and deliver water that is safe and suitable for the intended beneficial use and meets all
applicable regulatory standards.

Cost of Water. The Parties desire to minimize the cost of water for their customers.

Funding Mechanisms. The Parties are committed to finding external funding sources
(grants, etc.) to subsidize the cost to implement the Strategic Plan.

The Long View. The Parties desire a long-term, stable planning environment to
develop local water-resources management projects. The Parties, independently and
through Watermaster, will strive to take the long view in their planning assumptions
and decisions to ensure a stable and cost-effective management program.

14 Process to Develop the Strategic Plan

The development of the Strategic Plan included two parallel processes: an institutional process
and an engineering process, which were carried out by Wildermuth Environmental, Inc. (WEI)
from 2012 to 2017. The institutional process defines the management agenda, directs the
engineering process, and builds the institutional consensus to implement the Strategic Plan.
The engineering process develops a consensus on the technical understanding of the basin,
develops planning data, and evaluates the technical performance of the Strategic Plan
activities.
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The institutional process included the following tasks:
o [dentify the issues, needs and interests of the Parties (2012)
e Develop a mission statement and goals for the Strategic Plan (2012)
e Develop a clear statement of the impediments to achieving the goals (2012)

e Develop and refine a list of potential projects and programs to remove the
impediments, achieve the goals, and balance the needs and interests of the Parties
(2014-2017)

e Develop a scope of work to refine the Strategic Plan projects, identify early
implementation actions, and develop a recommended management program and
implementation plan (2017)

The engineering process included the following tasks:
e Assess the current physical state of the Six Basins (2012)

e Describe the water demands and water-supply plans of the Parties—individually and
as agroup (2012; 2013)

e Develop planning criteria and assumptions (2013)

e Develop modeling tools to evaluate the physical response to Strategic Plan projects
(2013-2015)

e Develop and evaluate a set of conceptual Strategic Plan projects and refine them based
on the modeling assessment and the outcomes of the institutional process (2015-2017)

These two processes were iterative and provided feedback to each other. Stakeholder input
and buy-in during the process were obtained through Strategic Plan workshops held during
regularly scheduled meetings of the Six Basins Watermaster, and through the release of draft
results as work was being completed.

This report was developed in phases: the first draft was published in January 2013 and the
second in December 2015. This report is the final Strategic Plan for the Six Basins, and
documents the work completed from 2012 to 2017, including an implementation plan to guide
the activities of the Watermaster in the coming years.

15 Organization of the Report

Section 1 Introduction. This section describes background information, summarizes the
objectives of the Strategic Plan, describes the core values of the Parties, and describes the
process to develop the Strategic Plan. Section 1 was published in January 2013 with updates
published in December 2015 and October 2017.

Section 2 Physical State of the Six Basins. Section 2 describes the physical characteristics and
dynamics of the Six Basins with regard to surface water and groundwater based on historical
data through 2011. Section 2 was published in January 2013 with updates published in
December 2015.

Section 3 Development and Evaluation of the Baseline Alternative. Section 3 describes the
development and evaluation of the Baseline Alternative. The Baseline Alternative represents
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the independent water-supply plans of the Six Basins Parties in the absence of a Strategic Plan
and was evaluated in two ways: (1) the 2015 Six Basins Groundwater-Flow Model was used to
evaluate the impact of the Baseline Alternative on the groundwater basin and production
sustainability and (2) the cost of the water-supply plans by individual Party and in aggregate.
This evaluation serves as a “baseline” for comparison to the groundwater impacts, production
sustainability, and costs of the Strategic Plan project alternatives. The water supply plans
characterized in this section were published in January 2013 with updates in December 2015;
the evaluation of the Baseline Alternative was published in December 2015.

Section 4 Stakeholder Goals & Concepts for Basin Management. Section 4 describes the goals of
the Strategic Plan as defined by the Parties in 2012, and includes a description of impediments
to achieving the goals. Also described are the projects conceptualized for improving basin
management that will remove the impediments to achieve the goals of the Parties. Section 4
was published in January 2013 with updates published in December 2015.

Section 5 Development and Evaluation of Conceptual Strategic Plan Projects. Section 5 describes
the development of various projects conceptualized to remove the impediments to the
Strategic Plan goals, and the evaluation of these projects based on the projected physical
response of the Six Basins, the operational and facility requirements, and the yield and cost.
For each project, institutional issues and implementation steps were identified. Section 5 was
published in December 2015 with updates published in October 2017.

Section 6 Refinement of Strategic Plan: 2016-2017. Section 6 describes the work to (1) develop
a final framework for defining projects that are consistent with the Strategic Plan goals and (2)
refine the conceptual projects based on the evaluation documented in Section 5 and the
interests of the Parties. In this section, each project is described in terms of its current
operation (if applicable), facility requirements, and operating scheme(s). Section 6 was
published in October 2017.

Section 7 Implementing the Strategic Plan: 2018 and Beyond. Section 7 describes the role of the
Watermaster in implementing the Strategic Plan and the activities that will be performed to
fulfill this role. Section 7 was published in October 2017 and replaces the implementation plan
contained in Section 6 of the December 2015 draft report.

Section 8 Bibliography. This section is a comprehensive bibliography of all publications
reviewed or cited in the development of the Strategic Plan. Section 8 was published in January
2013 with updates published in December 2015 and October 2017.
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Section 2 - Physical State of the Six Basins

This section describes the physical characteristics and dynamics of the Six Basins with regard
to surface water and groundwater, including a characterization of the problems that have
limited the beneficial use of water. Itis important that the stakeholders understand and reach
consensus on the physical characteristics and problems in the Six Basins so that effective
strategies for basin management can be developed and, subsequently, implemented by the
Parties.

The information in the section was used to describe a “conceptual model” of the Six Basins. The
conceptual model was used to construct and calibrate a numerical, computer-simulation model
of the Six Basins. The numerical model was used to develop and evaluate the Baseline
Alternative and Strategic Plan project alternatives.

Herein, the physical description of the surface-water and groundwater resources of the Six
Basins includes:

e Native surface water

e Hydrogeology

e Groundwater production

e Groundwater levels and storage
e Groundwater quality

e Land subsidence and rebound

Each sub-section concludes with a summary of the major issues for basin management that are
associated with the topic of that section, and will include a description of physical problems
and/or significant data gaps and unanswered questions. The information in this section is used
to identify impediments to achieving the goals of the Parties and to develop concepts for
improved basin management in Section 4.

This section was developed through (i) a review and analysis of prior work performed in the
Six Basins and (ii) an analysis of all available geologic and water-resources data available
through 2011. The data have been collected and compiled into a relational database which is
maintained by WEI and made available to the Parties through a web-enabled software system
called HydroDaVESM. This section was originally published in January 2013 draft report with
updates published in December 2015.

2.1 Surface Water Resources

This section describes the native surface-water resources that are tributary to the Six Basins,
their temporal and spatial variability, and how they have been put to beneficial use. This
understanding will aid in the development of basin-management programs to sustain or
enhance the use of native surface waters for the benefit of the Parties. This section concludes
with a description of the major issues for basin management that are associated with surface-
water resources.
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2.1.1 Precipitation

The climate of the Six Basins area is characteristic of a semi-arid Mediterranean climate with
generally dry summers and comparatively wet winters. Runoff from precipitation is an
important source of groundwater recharge in the Six Basins. This source of recharge can be
understood by analyzing long-term records of precipitation. Figure 2-1 shows the location of
precipitation gages in the Six Basins area with long-term historical records of daily
precipitation. Of the seven stations shown, five are currently maintained and four of these five
have complete records: La Verne Fire Station (1924-2011), Claremont Police Station (1928-
2011), Claremont-Slaughter (1939-2011), and San Antonio Dam (1957-2011). All active
stations, except for San Antonio Dam, are operated and maintained by the Los Angeles County
Flood Control District (LACFCD), which is a division of the County of Los Angeles Department
of Public Works. The San Antonio Dam gage is maintained by the U.S. Army Corps of Engineers
(USACE).

Table 2-1 summarizes the period of record and minimum, maximum, and average precipitation
for each gage with a long-term continuous record. Precipitation totals are shown based on a
water year (October 1 through September 30)!. Note that the minimum, maximum, median,
and average precipitation increases with increasing elevation of the gaging stations. The two
driest years on record occurred in the last ten years during 2002 and 2007. The wettest years
were 1978 and 2005.

Figures 2-2a through 2-2d show the annual precipitation time-history and the cumulative
departure from mean (CDFM) precipitation for each gage station. When the slope of the CDFM
curve trends downward from left to right, the annual precipitation is less than the average
precipitation. When the slope continues downward for more than one year, then the CDFM is
indicating a dry period. When the slope of the CDFM curve trends upward from left to right,
the annual precipitation is greater than the average precipitation. When the slope continues
upward for more than one year, then the CDFM is indicating a wet period. Figures 2-2a through
2-2d all display the same trend and indicate that the region experienced:

a long dry period from 1945 through 1977,

a wet period from 1978 through 1983,
a dry period from 1984 through 1991,

e awetperiod from 1992 through 1998, and
e adry period from 1999 through 2010.

The records show that precipitation is highly variable, and that there are generally three to five
years of consecutive, below-average precipitation before an average or above-average year
occurs.

Monthly variation in precipitation is also important to understand the availability of surface
water throughout the year. Figures 2-3a through 2-3d are statistical characterizations of
monthly precipitation at each station in the form of a Box and Whisker Plot. The Box and

1 For example, water year 2011 is the period from October 1, 2010 through September 30, 2011.
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Whisker Plot shows the minimum, lower quartile?, median, upper quartile3, and maximum,
values for each station. The plots show that significant precipitation (median greater than
about one inch per month) generally occurs during the period of November through April, with
the greatest monthly precipitation occurring in January and February. A minor amount of
precipitation (median less than one-half an inch per month) occurs during the period of June
through September. Over the period of record, the minimum monthly precipitation total was
zero inches in every month of the year at all stations.

2.1.2 Tributary Watersheds

Figure 2-1 identifies the three primary watersheds that are tributary to the Six Basins. From
west to east, these watersheds are Live Oak Wash, Thompson Creek, and San Antonio Creek.
These watersheds originate in the San Gabriel Mountains and generally flow from north to
south across the Six Basins. The Live Oak Wash and Thompson Creek watersheds are part of
the San Gabriel River watershed. The San Antonio Creek watershed is part of the Santa Ana
River watershed.

All three creeks are dammed for flood-control and water-conservation purposes, and
spreading grounds have been constructed downstream of each dam to recharge water released
from the dams. All three creek systems are concrete-lined for their entire course across the Six
Basins. Thus, any surface-water discharge that by-passes the spreading grounds is a water
resource that is lost from the Six Basins.

2.1.3 Beneficial Use of Native Surface-Water Resources

Surface-water runoff generated in the three watersheds described above is diverted and used
in the Six Basins for two purposes: direct potable and non-potable uses and groundwater
recharge. Figures 2-4, 2-5a, 2-5b, and 2-5c show the facilities used to control, divert, and
monitor the surface-water discharge on Live Oak Wash, Thompson Creek, and San Antonio
Creek. The following sections describe the operations of these facilities.

2.1.3.1 Live Oak Wash

Figure 2-5a is a map of the facilities on Live Oak Wash used for flood control, monitoring of
surface-water discharge, and diversion of surface water for recharge. The northern-most
feature is Live Oak Dam which was constructed in 1932 by the LACFCD for flood-control
purposes. The drainage area above the dam is approximately 2.3 square miles. The total
storage capacity behind the dam is about 250 acre-ft. Runoff generated in Live Oak Canyon is
captured behind Live Oak Dam and is released by the LACFCD to an unlined portion of Live Oak
Wash. The total daily inflow to Live Oak Dam is computed by the LACFCD based on the water
surface elevation (WSE) behind the dam and outflow that is recorded by a flow gage located
along Live Oak Wash just downstream of the dam. For this report, all available records of daily
inflow and outflow were collected from the LACFCD.

Water released from the dam flows down Live Oak Wash and into the Live Oak Debris Basin to
capture sediment and debris. The debris basin is located just north of the headworks of the

2 The lower quartile represents the 25th percentile: 25 percent of the observed values are less than the
upper quartile.

3 The upper quartile represents the 75th percentile: 25 percent of the observed values are greater than
the upper quartile.
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Live Oak Spreading Grounds (LOSG). The debris basin and the LOSG are maintained and
operated by the LACFCD. Water that flows out of the debris basin is either diverted into the
LOSG and recharged, or is discharged to the concrete-lined Live Oak Wash Channel and
subsequently flows to Puddingstone Reservoir without recharging the Six Basins.

The LOSG was first used to recharge surface water in water year 1962. The LOSG consists of
five basins. Basin 1 is located on the west side of Live Oak Wash just north of Baseline Road.
Basins 2 through 5 are located south of the 210 freeway. Surface water is diverted out of the
Live Oak Debris Basin to Basin 1 through a flashboard structure at a maximum rate of 15 cubic
feet per second (cfs). Water then flows by gravity through an underground culvert to Basins 2
through 5. The LOSG has an estimated percolation rate of 13 cfs and a total storage capacity of
12 acre-ft (LACFCD, 2012). A spillway at the southern end of Basin 5 diverts water back to the
Live Oak Channel if the inflow to the LOSG exceeds the percolation rate.

Figure 2-6a shows the surface water that was captured and recharge or lost on Live Oak Wash
for water years 1997 through 2011, the period for which complete, continuous records from
the LACFCD are available. During this 15-year period, 23 percent of the total runoff available
on Live Oak Wash was captured for recharge*: a total of 1,920 acre-ft of runoff was captured
and recharged and 6,594 acre-ft was not. The majority of losses occurred during wet years—
57 percent of the total runofflost to Live Oak Wash Channel occurred in 1998, 2005, and 2011.
Because the percolation rate and storage capacity of the basins at the LOSG are small, all of the
water available in wet years cannot be captured. That said, Figure 2-6a shows that a significant
amount of runoff is also lost in dry and average years. The average annual runoff lost as a
percent of total runoff available was 72 percent. This suggests that the LOSG has not been
operated consistently to maximize recharge of runoff. Currently, the LACFCD is looking for
funding partners to improve the LOSG facilities and increase capture of surface-water runoff.

In addition to spreading of native flows from Live Oak Wash, the LOSG is used by the Three
Valleys Municipal Water District (TVMWD) for recharge of imported water as part of a
conjunctive-use program with the MWDSC. The source of the imported water is State Water
Project water from the San Gabriel Valley pipeline. The location of the turnout from the San
Gabriel Valley pipeline to the LOSG is shown on Figure 2-5a. The turnout was constructed in
2005. Imported water was recharged during three of the last seven years. To date, a total of
1,060 acre-ft of imported water has been spread at the LOSG.

Currently, there are no monitoring programs to collect surface-water-quality data on Live Oak
Wash and no historical data were available to characterize the quality of the runoff diverted
for recharge. Imported State Water Project water recharged at the LOSG is of high quality.
Between 2006 and 2011, total dissolved solids (TDS) concentrations of imported water in the
San Gabriel Valley pipeline ranged between 124 milligrams per liter (mg/L) and 324 mg/L and
nitrate (as nitrogen) ranged between 0.1 mg/L and 1.3 mg/L.5

2.1.3.2 Thompson Creek

Figure 2-5b shows the facilities on Thompson Creek used for flood control, monitoring of
surface-water discharge, and diversion of surface water for recharge. The blue boundary
delineates the property boundary of the PVPA’s Thompson Creek Spreading Grounds (TCSG).

4 Runoff available is calculated as the total flow measured at the flow gage located south of Live Oak Dam
(shown on Figure 2-5a).

5 State Water Project water quality is measured by MWDSC at Silverwood Lake.

November 2017
2-4

081-017 v



Strategic Plan for the Six Basins 2 - Physical State of the Six Basins

After the Pomona Valley Protective Association (PVPA) was formed in 1910, this land was
purchased to enhance recharge of the Six Basins by capturing surface-water runoff generated
in the Thompson Creek watershed. In 1931, the LACFCD obtained easements in the TCSG for
the construction of Thompson Creek Dam and its associated facilities for flood-control
purposes. The PVPA and the LACFCD have worked together since this time to operate the TCSG.
The drainage area above Thompson Creek Dam is about 3.7 square miles.

Runoff generated above the dam—with the exception of Chicken Creek to the east—enters the
PVPA property at the diversion structure at the north end of the property. The diversion
structure is operated by the LACFCD in cooperation with the PVPA. The diversion structure
controls where the surface water is directed: to behind the dam and/or to the PVPA’s
conveyance ditch. All flow from Chicken Creek discharges directly into the conveyance ditch.
In the interest of flood protection, the LACFCD controls the diversion structure such that during
storms the majority of the runoff is diverted to behind the dam rather than to the PVPA
conveyance ditch.

Currently, the LACFCD’s standard operating procedure at the dam is to store the water behind
the dam up to a WSE of 1,620 feet and allow it to percolate or evaporate. The reservoir storage
behind the dam at a WSE of 1,620 feet is about 217 acre-ft. When the WSE behind the dam
exceeds 1,620 feet, water is released to the wasteway channel at a rate of up to 260 cfs. Water
discharged to the wasteway channel flows into the concrete-lined Thompson Creek Channel
where it eventually flows to San Jose Creek without recharging the Six Basins. Water
discharged to the wasteway channel is recorded by a flow gage located along the wasteway
channel just downstream from the dam. The total daily inflow to Thompson Creek Dam is
computed by the LACFCD using measurements of WSE behind the dam to compute change in
reservoir storage plus any recorded outflow. During periods of inflow, the LACFCD assumes
that evaporation and percolation at the reservoir behind the dam are negligible.

Runoff that is diverted at the diversion structure to the PVPA conveyance ditch, or enters the
ditch from Chicken Creek, flows south into a tunnel under the dam and is discharged into two
recharge pits located just south of the dam: East Pit and West Pit. To prevent overflow of the
pits, a spillway on the conveyance ditch diverts water to behind the dam if the flow in the
conveyance ditch is too high. A recorder station at the end of the tunnel records the flow
entering the pits. Currently, PVPA records spreading totals on a monthly basis. Historical data
(prior to 1999), are available as water-year totals.

For this report, all available records of flow at the recorder station were collected from PVPA,
and all available records of daily inflow and outflow from the dam were collected from the
LACFCD. These data were used to prepare Figure 2-6b which shows the annual volumes of
surface water that was captured and recharge or lost from the Thompson Creek Dam and the
TCSG for water year 2000 through 2011, the period for which complete records from both the
PVPA and the LACFCD are available. During this 12-year period, 44 percent of the runoff from
the Thompson Creek watershed was captured for recharge: 556 acre-ft was diverted and
recharged by the PVPA, 1,019 acre-ft was captured behind Thompson Creek Damsé, and 1,978
acre-ft was lost to the concrete-lined Thompson Creek Channel. Figure 2-6b shows that the
majority of water is lost during wet years: 83 percent of the total water lost to the Thompson
Creek Channel occurred in the very-wet water year of 2005.

6 The volume of water captured behind the dam was calculated as Total Inflow - Total Outflow.
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The LACFCD assumes that evaporation from the reservoir behind the dam is negligible, and
that water stored behind the dam recharges. However, the volume of water recharged is likely
to be minimal, since the area behind the dam is not maintained to optimize recharge. The
relative volumes of recharge and evapotranspiration of water that was captured behind
Thompson Creek Dam has not been quantified, thus, the losses associated with the LACFCD’s
diversion protocols are not known. In addition, note on Figure 2-5b that only a small area of
the PVPA property south of the dam is utilized for recharge. There are no studies that quantify
the percolation rates or recharge capacity of the TCSG or estimate how much additional runoff
could be captured and recharged at the TCSG.

Currently, there are no monitoring programs to collect surface-water-quality data at the TCSG
and no historical data were available to characterize the quality of the runoff diverted for
recharge.

2.1.3.3 San Antonio Creek

Surface water rights in the San Antonio Canyon were assigned in the early 1900s. Many of the
entities with rights were water and irrigation companies that were later purchased by the San
Antonio Water Company (SAWCo), also an original owner of water rights in San Antonio
Canyon) or the City of Pomona. The historical water rights are described in detail by James M.
Montgomery (1985a). The rights as they are exercised today are described in SAWCo’s 2010
Urban Water Management Plan - Volume 1 Report (Civiltec Engineering, 2011b). The water
rights can generally be described as:

e About 60 percent of the flow in San Antonio Creek is diverted by SAWCo
e About 40 percent of the flow in San Antonio Creek is diverted by the City of Pomona

o All flow in the San Antonio Creek that is not diverted by SAWCo or the City of Pomona
is available to the PVPA for diversion and recharge at the San Antonio Spreading
Grounds (SASG).

After the PVPA was formed in 1910, the San Antonio Spreading Grounds (SASG) land was
purchased to enhance recharge of the Six Basins by diverting and spreading surface water from
San Antonio Creek that are in excess of the needs of the water rights holders. The total area of
the SASG is about 1.4 square miles or 980 acres. In 1956, in response to flood events in 1937
and 1938, the USACE completed construction of the San Antonio Dam, including facilities to
convey water captured behind the dam to the SASG. The San Antonio Channel below the Dam
was concrete-lined by 1960. The drainage area behind the dam is about 26 square miles.
Figures 2-4 and 2-5c are maps that show the facilities on San Antonio Creek used for flood
control, monitoring of surface-water discharge, and diversion of surface water for recharge.
How the runoff is diverted and put to beneficial use by the SAWCo, the City of Pomona and the
PVPA is described below.

San Antonio Water Company

Runoff generated in the San Antonio Creek watershed—with the exception of Evey Canyon to
the south—enters the Edison Box, or the “60/40” splitter box, at the Edison power house on
Mountain Avenue about one mile upstream of San Antonio Dam (see Figure 2-4). This is the
last of several power houses used to generate electricity from water flowing in San Antonio
Creek. The 60/40 splitter box splits San Antonio Creek flows and diverts them to the
conveyance facilities of SAWCo and the City of Pomona.
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Water diverted by SAWCo is delivered to its shareholders for potable and non-potable uses
and is also used for recharge at the SASG and/or at spreading grounds in the Cucamonga Basin.
Surface flows diverted at the 60/40 splitter box are directed to the San Antonio Tunnel Ponds
(see Figure 2-4) or south of the dam to the distribution systems of the San Antonio Canyon
Water Company and the City of Upland (the majority shareholder of SAWCo). Water diverted
to the Tunnel Ponds percolates into underground “tunnels” that direct flow under the dam and
are discharged into the San Antonio’s potable distribution system. Surface flows that bypass
the Tunnel Ponds are either sent to SAWCo’s non-potable distribution system or to the San
Antonio Canyon Treatment Plant where flows are treated before entering the City of Upland’s
potable distribution system. Backwash from the treatment plant can be diverted to SAWCo’s
Reservoir 9, where it is combined with excess water from the non-potable system and then
discharged to the SASG for recharge—the discharge location is shown on Figure 2-5c. Water
recharged at the SASG from this turnout is credited to SAWCo’s Storage and Recovery Account.

City of Pomona

Water diverted by the City of Pomona at the 60/40 splitter box, combined with surface-water
flows diverted from Evey Canyon, flows by gravity in a shallow underground pipeline called
the Canon Pipeline. The Canon Pipeline conveys the water to the City of Pomona’s Pedley
Treatment Plant where the water is treated and served for direct potable use. The Pedley
Treatment Plant is located adjacent to the Pedley Spreading Grounds (PSG) shown in Figure 2-
4. The surface water diverted to the Canon Pipeline generally exceeds the treatment capacity
of the Pedley treatment plant, so surplus water is recharged at the SASG or the PSG. The
location of the City’s turnout to the SASG is shown on Figure 2-5c. At the end of the Canon
Pipeline, water can be spread at the PSG either before it enters the treatment plant or as
backwash from the treatment plant.

Pomona Valley Protective Association

Runoff from the San Antonio Creek watershed that is in excess of what can be used by SAWCo
and the City of Pomona is captured behind the San Antonio Dam. The PVPA works with the
USACE to coordinate releases from the dam for diversion and recharge at the SASG. Release
gates at the dam discharge water to a large concrete chamber beneath the dam. The USACE
computes daily outflow from the dam based on the position of the release gates and the WSE
of the reservoir behind the dam. Within the chamber, the PVPA has six diversion gates to direct
water into the SASG. At the end of the chamber is an outlet where water not diverted by the
PVPA discharges to the concrete-lined San Antonio Creek Channel. The elevation of the PVPA’s
diversion gates is lower than elevation of the outlet to San Antonio Creek Channel in order to
maximize the diversion of water to the SASG. The approximate capacity of each diversion gate
is 200 cfs when completely open (CDM, 2001). Two gates on the west side of the chamber direct
water to the Los Angeles County side of the SASG through a 72-inch diameter concrete pipeline.
Four gates on the east side of the chamber direct water to the San Bernardino County side of
the SASG through two 72-inch diameter concrete pipelines. Flow meters are installed in each
72-inch pipeline to record the diversions to the SASG. Currently during spreading operations,
the meters are read and recorded by PVPA staff monthly. Monthly totals for diversions are
available from PVPA from 1999 to the present. Annual totals for diversions to the SASG are
available from the PVPA from 1961-1998. Diversions to the SASG prior to 1999 are available
as water-year totals.
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There are no recent studies on the percolation rates at the SASG, but a 1937 study showed that
after initial saturation, percolation rates ranged from 0.8 cfs/acre to 6.7 cfs/acre depending on
the level of improvement (CDM, 2001).

Figure 2-5c shows how water diverted and spread at the SASG. Currently, on the Los Angeles
County side of the SASG, water is diverted to either (i) a series of five basins located at the
northern boundary of the SASG and/or (ii) to an unlined channel that runs parallel to the west
side of the San Antonio Creek Channel. The five basins were re-constructed in the fall of 2008
to increase the amount of water that could be recharged in the northern portion of the SASG.
Water on the Los Angeles County side is preferentially diverted to the five basins. Water that
is diverted to the unlined channel that parallels San Antonio Creek encounters a total of 39
drop structures that were constructed to slow the flow and minimize erosion of the channel
(CDM, 2001). Six of the drop structures have turnout gates to direct the water southwest
across the SASG for recharge.

Water discharged to the San Bernardino side of the SASG is first discharged to the Hog Wallow
basin just south of the dam. There are two gates to release water from Hog Wallow to the SASG.
The western gate discharges water to a series of three large berms. The berms were
constructed in the fall of 2009 to increase the amount of water that could be recharged in the
northern portion of the SASG. The eastern gate directs water around the berms where it flows
south across the spreading grounds. Flow is generally only diverted around the berms when
they are filled to capacity. During periods of high flow, water that flows south of the berms can
be diverted in into Vulcan’s sand and gravel pits No. 5 and No. 6. In the December 2010, an
extreme three-day precipitation event damaged the berms. Flow diverted to the San
Bernardino County side of the SASG had to be reduced and the use of the sand and gravel pits
was necessary to capture all the runoff diverted to the San Bernardino side of the SASG. The
berms were repaired and re-constructed in the spring of 2012 with the help of a grant from the
Federal Emergency Management Agency.

Water discharged to the concrete-lined San Antonio Creek Channel has one more opportunity
to be diverted to the SASG via the Lower San Bernardino Turnout. The turnout is a drop-inlet
structure that diverts water to the San Bernardino County side of the SASG. When the gate is
fully open, this turnout can divert water at a maximum rate of approximately 300 cfs. The
Lower San Bernardino Turnout is not metered by the PVPA.

Table 2-2 shows annual outflow from the dam as reported by the USACE, annual diversions to
the SASG as reported by the PVPA, and the difference between the two which should equal the
water lost to the San Antonio Creek Channel for water years 1961-2011. Since water year 1961,
a total of 552,015 acre-ft of surface water was discharged from San Antonio Dam. Of this,
309,166 acre-ft, or 56 percent of the total discharge, was diverted to the SASG for recharge;
245,203 acre-ft was not. About 67 percent of the water discharged to San Antonio Creek
Channel was discharged in seven of the eight most extreme wet years since 1961: 1969, 1978,
1980, 1983, 1993, 1995, and 2005. The year 1998 was the only wet year where 100 percent of
water discharged from the dam was diverted for recharge at the SASG. Table 2-2 also shows
that in many years, very little water is discharged from the dam. In 28 of the last 51 years,
diversions to the SASG totaled less than 1,000 acre-ft and in 11 of those years, there were no
diversions.

Figure 2-6c shows the recent time-history of surface-water runoff from the San Antonio Creek
watershed that was either diverted or lost for water year 2001 through 2011. This is the period
for which complete, continuous records from SAWCo, the City of Pomona, the PVPA, and the

November 2017
2-8

081-017 v



Strategic Plan for the Six Basins 2 - Physical State of the Six Basins

USACE are available. During this 11-year period, a total of 166,317 acre-ft of water was
diverted for use: 88,354 acre-ft by SAWCo, 33,526 acre-ft by the City of Pomona, and 46,437
acre-ft by the PVPA. During this same period, 51,425 acre-ft of water was lost to the San
Antonio Creek Channel. In seven of the last eleven years, less than 1,000 acre-ft diverted for
recharge by PVPA at the SASG, and in five of those years, diversions were zero. In six of the
seven years with minimal to no diversions by PVPA, the annual precipitation was below
average as measured at the San Antonio Dam precipitation gage (see Figure 2-2d). This
observation suggests that runoff in excess of the needs of SAWCo and the City of Pomona is
only available in years with above average precipitation.

Analyzing data collected from the USACE and the PVPA, Figure 2-6¢ shows that the PVPA
diverted 47 percent of the flow discharged from San Antonio Dam since 2001. The figure
indicates that the majority of the losses occurred during wet years: 43 percent of total losses
occurred during the very-wet water year 2005. Another 31 percent was lost in wet water year
of 2011. Figure 2-6¢ suggests that the PVPA may not be operating the SASG in a manner that
maximizes the diversion of runoff when it is available.

Figure 2-6d shows the monthly time-history of diversions and losses for water years 2007
through 2010. Water years 2006 through 2010 were relatively dry with only one year of above-
average precipitation in 2010 (see Figure 2-2d). During this dry period, a total of 10,809 acre-
ft was released from San Antonio Dam as recorded by the USACE, but only 1,837 acre-ft, or 17
percent, was diverted to the SASG as recorded by the PVPA. Figure 2-6d illustrates that the
surface water was not lost as the result of one or two high-volume runoff events. Instead it
suggests that there was a steady loss of water throughout the winter months when runoff
occurs. The maximum daily discharge from the dam during this period was 54 cfs between
March 9 and March 17, 2010. This flow rate is less than the maximum capacity of just one PVPA
diversion gate (200 cfs). Anecdotal information from PVPA staff suggests that all of the water
released from the dam was diverted to the SASG in water year 2010. If the observations of
PVPA staff are correct, then the data reported by the USACE, the PVPA, or both could be
erroneous. Additional research and analysis of the data sources and the monitoring methods
of the USACE and PVPA is needed to determine if the characterization as presented herein of
the water discharged, diverted and lost is accurate. Correct characterization of these terms is
critical to understanding the groundwater response to recharge and for developing
management strategies to maximize the diversion and recharge of runoff in the future.

San Antonio Creek water is of high quality. TDS concentration in San Antonio Creek water
ranged between 170 mg/L and 190 mg/L and nitrate (as nitrogen) was 0.5 mg/L or less.”

In addition to spreading of native runoff, the SASG is used by TVMWD to recharge imported
water when it is available. The turnout off the Miramar pipeline, shown on Figure 2-5c, was
constructed in 2006. To date, a total of 3,446 acre-ft of imported water has been spread by
TVMWD at the SASG. Between 2006 and 2011, TDS concentrations ranged between 124 and
324 mg/L and nitrate (as nitrogen) ranged between 0.1 and 1.3 mg/L.8

7 San Antonio Creek water is sampled at the San Antonio Canyon Treatment Plant by the City of Upland
prior to being treated. Data ranges state herein are from the period 2006-2011.

8 State Water Project water quality is measured by MWDSC at Silverwood Lake.
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2.1.4 Summary of Basin Management Issues

The following is a summary of the major issues for basin management that are associated with
surface-water resources in the Six Basins:

e The climate of the region is such that the Six Basins area is subject to prolonged dry
periods. In years when precipitation is below average, the volumes of surface-water
runoff that are available for artificial recharge at spreading grounds in the Six Basins
are small, so the facilities for artificial recharge go largely un-utilized.

o The facilities to divert and recharge stormwater runoff do not capture all of the runoff
that is available. Stormwater runoff that bypasses the spreading grounds is a loss of a
low-cost, high-quality water resource.

e The current methods and protocols being employed by the USACE, LACFCD, and the
PVPA to monitor the surface-water resources may not be returning accurate data for
surface-water discharges and diversions. The completeness and accuracy of these data
are crucial to the development and implementation of programs to improve basin
management.

2.2 Hydrogeology

This section describes the groundwater reservoirs of the Six Basins, their evolution, structure,
and composition, and how groundwater occurs and moves through these reservoirs. An
understanding of the hydrogeology is fundamental to the development of basin management
programs because the groundwater basin is the storage reservoir. This section concludes with
a description of the major issues for basin management that are associated with the
hydrogeology of the Six Basins.

The hydrogeology of the Six Basins area has been studied by various entities and authors in the
past (Mendenhall, 1908; Eckis and Gross, 1932; Eckis, 1934; LACFCD, 1937; California DWR,
1970a; Bean, 1980; Fox and Slade, 1983; James M. Montgomery, 1985a, MWH, 1993; Richard
C. Slade & Associates, 1998; Layne GeoSciences, 2006; Haley & Aldrich, 2011). The
hydrogeologic description below was prepared from a review of prior studies and from
original work performed for this effort.

2.2.1 Geologic Setting

Figure 2-7 is a geologic map of the Six Basins and the surrounding area. The Six Basins are part
ofalarge, broad, alluvial plain located south of the San Gabriel Mountains and atop a depressed
portion of the Perris Block of the Peninsular Ranges (California DWR, 1970a). This alluvial
plain is sometimes referred to as the Chino Plain. The Chino Plain was formed during the
Quaternary Period®. The surrounding mountains and hills were uplifted by tectonic
compression and faulting, and sediments were eroded and washed out of the mountains by
streams and deposited in the low-lying depressions on the Perris Block. These Quaternary
sediments are today’s groundwater reservoirs that underlie the Chino Plain.

The Six Basins underlie the northwestern corner of the Chino Plain between the San Gabriel
Mountains and the San Jose Hills. A major fault in this area—the San Jose Fault—is a known

9 Approximately 2 million ago to the present.
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barrier to groundwater flow that separates the Six Basins from the larger Chino Basin to the
southeast. Faulting and folding within the Six Basins uplifted bedrock or created low-
permeability zones within the sediments to create groundwater sub-basins.

The Six Basins are located across a major watershed divide that separates the San Gabriel River
watershed to the west from the Santa Ana River watershed to the east. The stream systems
that exit the San Gabriel Mountains have been the main source of sediments and water that
contributed to the formation of the Six Basins. The largest of these stream systems is San
Antonio Creek which deposited a broad alluvial fan that emanates from the mouth of San
Antonio Canyon. Today, San Antonio Creek flows south to the Santa Ana River. Other major
stream systems located to the west of San Antonio Creek include Thompson Creek, which turns
into San Jose Creek, and Live Oak Wash. Both of these creeks are within the San Gabriel River
watershed.

2.2.2 Stratigraphy

In this report, the stratigraphy of the Six Basins is divided into two natural divisions: (1)
pervious formations that comprise the groundwater reservoir are termed “water-bearing
sediments” and (2) impermeable formations that bound the groundwater reservoirs in places
are termed “consolidated bedrock.” Water-bearing sediments overlie consolidated bedrock,
with bedrock formations coming to the surface in the surrounding hills and mountains. These
geologic formations are described below in stratigraphic order, beginning with the oldest
formations.

» o«

The terms used in this report to describe bedrock, such as “consolidated,” “non-water-bearing,”
and “impermeable,” are used in a relative sense. The water content and permeability of these
bedrock formations is, in fact, not zero. However, the primary point is that the permeability of
the bedrock formations flanking and underlying the groundwater basin is much less than that
of the aquifer sediments in the basin.

2.2.2.1 Consolidated Bedrock

The consolidated bedrock formations that flank and underlie the Six Basins consist of very old
crystalline rocks of the Basement Complex (Eckis and Gross, 1932) and younger sedimentary
and volcanic rocks of the Puente Group (English, 1926).

The Basement Complex consists of deformed and recrystallized metamorphic rocks (e.g.,
banded gneisses) that have been intruded by masses of igneous rocks (e.g. granite). As shown
in Figure 2-7, the Basement Complex outcrops in the San Gabriel Mountains along the northern
boundary of the Six Basins and in the eastern San Jose Hills along the southern boundary of the
Six Basins. Weathering and erosion of the Basement Complex in the San Gabriel Mountains is
the major sediment source for the younger sedimentary formations—in particular, the water-
bearing sediments of Six Basins.

The Puente Group, where present, overlies the Basement Complex and consists of interbedded
shales, sandstones, conglomerates, lava flows, volcanic ash, and volcanic breccia (English,
1926). Figure 2-7 shows, the Puente Group outcrops in the western San Jose Hills. Some well
boreholes in the western portion of the Six Basins encountered the Puente Group at depth
(Eckis and Gross, 1932; Eckis, 1934).
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2.2.2.2 Water-Bearing Sediments

During the Quaternary Period, an intense episode of faulting depressed the Six Basins area and
uplifted the surrounding mountains and hills. Sediments that eroded from the mountains were
transported to the Six Basins area by flooding and deposited atop the consolidated bedrock
formations as interbedded, discontinuous layers of gravel, sand, silt, and clay to form the
water-bearing sediments.

The water-bearing sediments are over 1,000 feet thick in places, but pinch-out to zero
thickness along the northern and southern basin boundaries at the surface contact with the
consolidated bedrock. Most water wells have their screens completed within the water-
bearing sediments. Some of these wells can pump over 1,000 gallons per minute (gpm).

The water-bearing sediments are typically composed of gneissic and granitic debris from the
San Gabriel Mountains, and can be differentiated into the Older Alluvium of Pleistocene age1©
and Younger Alluvium of Holocene agell. The general character of these formations is known
from driller’s logs and surface outcrops.

The Older Alluvium was deposited on top of the bedrock formations under conditions similar
to today’s depositional environments. Indian Hill is a surface outcrop of the Older Alluvium
that was displaced upward by movement along the Indian Hill Fault. The Older Alluvium is
commonly distinguishable in surface outcrop by its red-brown or brick-red color. The red
color comes from secondary clays that formed from the weathering and oxidation of sediments
that were deposited in areas where the water table was deep and where the sediments were
not disturbed by stream erosion over long periods. The Older Alluvium contains many local
unconformities because of the nature of the alluvial fan deposition process. It is typically
thicker than the Younger Alluvium, especially in the central and deeper portions of the Six
Basins, and is the main source of groundwater for today’s wells. In the Pomona Basin, the Older
Alluvium is composed of thick sediment sequences that contain layers of clay-rich, fine-grained
sediments interstratified with coarser-grained sediments. These fine-grained layers are of low
permeability and can cause confining conditions in the aquifer system and flowing-artesian
conditions at wells that penetrate them.

The Younger Alluvium was deposited on top of the Older Alluvium after a period of weathering
and erosion of the Older Alluvium. The Younger Alluvium is typically a fresh, un-weathered,
grey or brown color, and occupies stream beds, washes, and other areas of recent
sedimentation. The Younger Alluvium is absent in places and is typically thin compared to the
Older Alluvium (<150 feet thick). Where it exists, it is commonly unsaturated and lies above
the regional water table.

The Younger Alluvium is typically more permeable than the Older Alluvium. Surface water
percolates readily in the Younger Alluvium. Figure 2-8 is a map of the hydrologic soils types
across the Six Basins as mapped by the Soil Conservation Service. Note that the soils mapped
as having rapid infiltration rates coincide with the Younger Alluvium on the geologic map on
Figure 2-7, and that soils mapped as having moderate to low infiltration rates coincide with
the Older Alluvium on the geologic map. Also note on Figures 2-7 and 2-8 that the spreading

10 Approximately 2 million to 12,000 years ago.
11 Approximately 12,000 years ago to the present.
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grounds in the Six Basins are located in areas that overlie the Younger Alluvium and soils with
relatively high infiltration rates.

2.2.3 Effective Base of the Freshwater Aquifer

The consolidated bedrock formations occur at depth underlying the water-bearing sediments
of the Six Basins and act as the effective base of the freshwater aquifer. Herein, the effective
base of the freshwater aquifer is referred to as the “bottom of the aquifer.” Fracture zones in
the bedrock formations may yield water to wells locally, but the storage capacity is typically
inadequate for sustained production.

Figure 2-9 is a map of the bottom of the aquifer in the Six Basins. The map shows contours of
equal depth to the buried contact between the water-bearing sediments and the consolidated
bedrock. The units of depth are in feet below ground surface (ft-bgs). These contours were
drawn from lithologic descriptions of borehole cuttings that were recorded on well driller’s
reports and from bedrock “signatures” on borehole geophysical logs.

Figure 2-10 is another map of the bottom of the aquifer; however, depth has been converted to
elevation in feet above mean sea level (ft-amsl). The following steps were executed in ArcGIS
Geostatistical Analyst to complete this conversion: (i) create a raster of the depth to the bottom
of the aquifer from the contours and data shown in Figure 2-9, (ii) subtract the depth raster
from the USGS 10-meter digital elevation model of the ground-surface elevation to create a
raster of the elevation of the bottom of the aquifer, and (iii) create contours from the elevation
raster.

Figures 2-9 and 2-10 show that the bottom of the aquifer is a network of troughs and ridges.
The main topographic features of the bottom of the aquifer are:

e Adeep trough in the Upper Claremont Heights Basin that slopes from west to east.

e A west-to-east trending ridge located just north of the Indian Hill Fault in the Upper
Claremont Heights Basin.

e Aridge that trends southwest from the Indian Hill Fault just north of the Intermediate
Fault.

e Adeep trough in the central portions of the Pomona Basin that slopes to the southeast.

The ridges appear to be related to fault movement. The troughs appear to be related to faulting
and/or erosion by ancestral streams. Eckis (1934) speculated that the contact between the
consolidated bedrock and the water-bearing sediments is unconformable, as indicated by an
ever-present weathered zone in the consolidated bedrock directly underlying the contact with
the water-bearing sediments. This observed relationship suggests that the consolidated
bedrockin the Six Basins area was undergoing erosion prior to deposition of the water-bearing
sediments. Eckis (1934) reported that the weathered zone is about 50-feet thick, and that
beneath the weathered zone the bedrock is hard.

2.2.4 Occurrence and Movement of Groundwater

The physical nature of the Six Basins as a groundwater reservoir is described below, including:
the thickness of the water-bearing sediments, basin boundaries, recharge, groundwater flow,
internal barriers to groundwater flow, discharge, distinct aquifer systems, and aquifer
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properties. Moreover, this section describes (i) where groundwater occurs in the Six Basins,
(ii) how groundwater recharges and moves through the Six Basins, and (iii) where
groundwater discharges from the Six Basins.

2.2.4.1 Thickness of the Water-Bearing Sediments

The depth to the bottom of the aquifer shown in Figure 2-9 is equivalent to the thickness of the
water-bearing sediments. The water-bearing sediments are thickest in the central portions of
the Upper Claremont Heights and Pomona Basins.

Figure 2-10 shows the locations of four hydrogeologic cross-sections that transect the Six
Basins. Figures 2-11a, 2-11b, and 2-11¢, and 2-11d show these cross-sections in profile view
and show borehole and well information. The cross-sections show the variation in thickness
of the water-bearing sediments across the troughs and ridges in the bedrock and the faults that
offset the bedrock. In the Upper Claremont Heights Basin, the water-bearing sediments are up
to 900 feet thick. In the Pomona Basin, the water-bearing sediments are over 1,000 feet thick.
Some of the most productive wells in the Six Basins are located within these thickest portions.

2.2.4.2 Basin Boundaries

The physical boundaries of the Six Basins, such as faults and the geologic contacts between
bedrock and the water-bearing sediments, are described below and are shown in Figure 2-7.
The physical boundaries do not coincide exactly with the adjudicated boundaries, which are
also shown in Figure 2-7 for comparison. The physical boundaries described herein were
derived from prior studies (Eckis and Gross, 1932; James M. Montgomery, 1985a; CDM, 2006b)
and original work performed for this study. Hereafter, the physical boundaries that enclose
the Six Basins are referred to as the “hydrologic boundary” of the Six Basins.

San Gabriel Mountain Front. The northern boundary of the Six Basins is the impermeable
Basement Complex that outcrops along the front of the San Gabriel Mountains, as depicted by
Figure 2-7. The Cucamonga Fault strikes along front of the San Gabriel Mountains and is
described by Eckis and Gross (1932) as a steep reverse fault that dips 84 degrees to the north.
Vertical movement on this fault has been upthrow on the north side which is, in part,
responsible for the uplift of the Basement Complex in the San Gabriel Mountains and the
depression of the Six Basins area.

San Jose Fault. The eastern boundary of the Six Basins is the San Jose Fault. Although the
surface of the alluvial fan that emanates from the mouth of San Antonio Canyon does not
appear to be offset by movement along the San Jose Fault, the fault offsets bedrock at depth
and acts as a distinct barrier to groundwater flow between the Six Basins and the Chino Basin
(see Figures 2-11b through 2-11d, cross-sections B-B’, C-C’ and D-D’). Note that in Figure 2-
11c, cross-section C-C’, groundwater elevations can be more than 600 feet higher in the Six
Basins compared to groundwater elevations in the Chino Basin.

The location of the San Jose Fault was refined in this study using remote-sensing of ground-
surface elevation changes. Figure 2-12 shows vertical ground motion across the Six Basins and
the northwestern portion of the Chino Basin during 2011-12 as measured with a remote-
sensing technique known as InSAR (Interferometric Synthetic Aperture Radar). InSAR has
been used extensively in the Chino Basin to monitor vertical ground motion associated with
changes in groundwater elevations (WEI, 2006). Typically, as groundwater elevations increase
the ground surface moves upward, and vice versa.
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Figure 2-12 shows that changes in groundwater elevations in the Six Basins during 2011-12
caused uplift and subsidence of the ground surface. Since the San Jose Fault is a barrier to
groundwater flow, groundwater levels respond to pumping and recharge differently on either
side of the fault, and hence, the vertical ground motion on either side of the fault is differential.
This differential vertical movement of the ground surface helped identify the San Jose Fault at
certain locations within the aquifer system—particularly along the southeastern boundaries
of the Pomona Basin and Upper Claremont Heights Basin.

Contact with the Main San Gabriel Basin. The western boundary of the Six Basins is the contact
with the Main San Gabriel Basin. This boundary is somewhat arbitrary in that the water-
bearing sediments are continuous across it. The boundary is approximately aligned with a
bedrock “shelf” as defined by a limited number of boreholes that have penetrated bedrock in
this area (Eckis and Gross, 1932; Eckis, 1934). Eckis (1934) reported that during periods of
low groundwater elevations, the water-bearing sediments are drained above the bedrock shelf,
which then completely separates the Six Basins from the Main San Gabriel Basin. During
periods of higher groundwater elevations, a flattened mound of groundwater exists above the
bedrock divide, and acts as a groundwater divide between the Six Basins and the Main San
Gabriel Basin. Groundwater west of this divide flows southwest within the Main San Gabriel
Basin, and groundwater east of the divide flows south and east within the Six Basins. In this
report, the contact with Main San Gabriel Basin is the same as the adjudicated boundary of the
Six Basins.

San Jose Hills. The southern boundary of the Six Basins is the contact with impermeable
Basement Complex and the Puente Group that outcrops along the northern front of the San
Jose Hills, as depicted by Figure 2-7. Eckis and Gross (1932) speculated that an unnamed fault
may exist along the northern front of the San Jose Hills that uplifted the hills and depressed the
Pomona Basin.

2.2.4.3 Internal Barriers to Groundwater Flow

The differential vertical motion of the ground surface shown by InSAR on Figure 2-12 helped
identify the locations of other internal faults in the Six Basins that act as barriers to
groundwater flow, such as the Indian Hill Fault and the Intermediate Fault.

The Indian Hill Fault separates the northern forebay areas of the Six Basins from the southern
areas of groundwater discharge. This fault has been identified by others based on offsets in
bedrock, offsets in groundwater elevations, and differences in the behavior of groundwater
elevations on either side of the fault (Eckis and Gross, 1932; Eckis, 1934; LACFCD, 1937;
California DWR, 1970a). For this report, the InSAR data was studied for indications of
differential vertical motion of the ground surface to more accurately locate the Indian Hill Fault
within the aquifer system. Although the evidence is not robust, the InSAR data for the period
of March 2011 to February 2012 suggests that the fault, near its intersection with the San Jose
Fault, is located about 900 feet north of the adjudicated boundary. Figure 2-7 supports this
more northern position of the fault because it better aligns with the southern boundary of
Indian Hill, which was uplifted by movement along the fault. West of Indian Hill, the Indian Hill
Fault is not apparent in the InSAR data, nor does it appear to be a competent barrier to
groundwater flow in the west (see section on Groundwater Flow for this discussion).

The Intermediate Fault in the Pomona Basin parallels the San Jose Fault. Offsets in
groundwater elevations across this fault indicate its effectiveness as a barrier to groundwater
flow (see section on Groundwater Flow for this discussion). The InSAR data for the period
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March 2011 to February 2012 suggests that the Intermediate Fault is located in a different
position than that mapped by others, such as Haley & Aldrich (2011).

Other faults have been mapped in the Six Basins in the past and have been used to delineate
the sub-basins as defined in the Judgment, including the Cucamonga Fault, the Claremont
Heights Barrier, the Thompson Wash Barrier, and the San Antonio Fault. The InSAR data
evaluated for this report do not show differential vertical ground motion across these faults,
indicating that these faults may not be effective barriers to groundwater flow. The barrier
effect of these faults, or lack thereof, is discussed further below.

2.2.4.4 Groundwater Recharge

Groundwater recharge to the Six Basins primarily occurs by the following general mechanisms:

o Infiltration of native and imported surface waters at the spreading grounds that overlie
the Six Basins (San Antonio, Thompson Creek, Live Oak, Pedley, and Miramar)

e Subsurface inflow from the saturated alluvium and fractures within the bordering
bedrock hills and mountains

e Deep infiltration of precipitation and applied water.
e Deep infiltration of septic tank discharge

e Streambed infiltration in unlined channels

A major source of recharge to the Six Basins is surface-water runoff from San Antonio Canyon.
This recharge occurs by spreading the runoff at the SASG or as underflow beneath the San
Antonio Dam. It is episodic, variable in magnitude, and dependent on precipitation.

Recharge also occurs by spreading and underflow along the mountain front west of San
Antonio Canyon, specifically at the mouths of Thompson Creek and Live Oak Wash, and in
smaller amounts relative to recharge from San Antonio Canyon.

The deep infiltration of precipitation and applied water (DIPAW) includes the combination of
precipitation that falls directly on a pervious land surface and precipitation that falls on
impermeable land surface that subsequently flows onto pervious surface, and irrigation water
applied to the land surface, all of which when combined is surplus to the evapotranspiration
demand and soil water storage capacity. DIPAW migrates through the root zone and
subsequently reaches the underlying groundwater reservoir. DIPAW is affected by soil type.
Figure 2-8 shows the hydrologic soil types across the Six Basins, as mapped by the Soil
Conservation Service, as well as runoff potential and infiltration capabilities. Note that soils
mapped as having rapid infiltration rates coincide with the Younger Alluvium shown in Figure
2-7 and soils mapped as having moderate to low infiltration rates coincide with the Older
Alluvium. Also note that in Figures 2-7 and 2-8, the spreading grounds in the Six Basins are
located in areas that overlie the Younger Alluvium and soils with relatively high infiltration
rates.

DIPAW is an important source of recharge from a water quality standpoint because it is
typically high in TDS and nitrogen from land application of fertilizers and from consumptive
use by vegetation. Figure 2-30 illustrates land use in the Six Basins area in 1949, 1963, 1990,
and 2005. The land-use maps were developed from DWR land use surveys for 1949 through
1984 and Southern California Association of Governments (SCAG) surveys for 1990 and 2005.
These maps show a change over time from mainly agricultural citrus in 1949 to mainly urban
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land uses today. Urbanization encroached from the south to the north. By 1963, almost all of
the City of Pomona had converted to urban land uses as did the southern portions of Claremont,
La Verne, and Upland. By 1990, most citrus groves had been converted to urban uses..

2.2.4.5 Groundwater Discharge

Groundwater discharge from the Six Basins occurs primarily as:

e Groundwater production from wells.
e Sub-surface outflow to the Chino Basin and the Spadra Basin.

o Shallow groundwater discharge to surface water, and subsequent outflow of this water
from the basin in storm drains and stream channels.

Sub-surface outflow to the Chino Basin and Spadra Basin occurs across the San Jose Fault. The
San Jose Fault is proven to be a barrier to groundwater flow as evidenced by groundwater
levels that are approximately 300 to 600 feet higher in the Six Basins than in the Chino Basin.
These offsets in groundwater levels across the San Jose Fault are depicted on the hydrogeologic
cross-sections on Figure 2-11b and Figure 2-11d. Rates of subsurface discharge across the San
Jose Fault are likely to vary depending on groundwater elevations in the Six Basins—rates
being higher during periods of high groundwater elevations when subsurface discharge can
occur within the shallower, less-deformed sediments.

The barrier effect of the San Jose Fault north of its intersection with the Indian Hill Fault is also
evidenced by the absence of production wells in the Chino Basin directly to the east. The City
of Upland was unsuccessful in attempts to pump groundwater from this part of the Chino Basin
(James M. Montgomery, 1989). That said, it is likely that as groundwater mounds north of the
Indian Hill Fault, some groundwater flows across the San Jose Fault into the Chino Basin—
especially within the shallower, less-deformed sediments. Groundwater flow across the San
Jose Fault is evidenced in Figure 2-12 by a slight rise in the ground surface in the Chino Basin
to the east of the Upper Claremont Heights Basin—probably in response to an increase in
groundwater levels due to sub-surface outflow from the Upper Claremont Heights Basin and
the Cucamonga Basin. This sub-surface outflow is likely episodic and occurs only during years
when recharge and groundwater mounding are high in the Upper Claremont Heights Basin and
the Cucamonga Basins. That said, any subsurface outflow that occurs does not provide enough
recharge to support sustained groundwater production in this part of the Chino Basin. Note
however that there are no wells in, nor groundwater elevation data for, this part of the Chino
Basin to confirm these interpretations.

The numerous production wells owned by the City of Pomona and Monte Vista Water District
that are located in the Chino Basin east of the Pomona Basin suggests that subsurface outflow
from the Pomona Basin may be a significant source of recharge to the Chino Basin. The
groundwater divide that separates the Spadra Basin from the Chino Basin is likely caused by
subsurface outflow exiting the southern tip of the Pomona Basin (California DWR, 1970a).

During periods of extremely high groundwater levels in the Six Basins, groundwater discharge
has also occurred as rising groundwater that exits the basin in storm drains and stream
channels. This phenomena of rising groundwater outflow is a natural condition that formed
historical cienegas (marshy areas) and has been observed, documented, and estimated by
various authors in the more recent times (Mendenhall, 1908; Eckis, 1934; Bean, 1980; Bean,
1982; MWH, 1985; Richard C. Slade & Associates, 2001; CDM, 2006a).
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Rising groundwater is not occurring today, but groundwater has approached the ground
surface as recently as 2006. Figure 2-13 shows several areas where groundwater was very
close to the ground surface following the wet winter of 2004-05. Figure 2-13 also shows
previously mapped areas of historical rising groundwater (Mendenhall, 1908; CDM, 2006a),
including:

e C(laremont Cienegas—located south of the SASG and north of the Indian Hill Fault
e Martin Cienegas—located northwest of the Intermediate Fault
e Del Monte Cienegas—Ilocated northwest of the San Jose Fault

e Palomares Cienegas—Ilocated north of the San Jose Hills and the San Jose Fault

The occurrence and patterns of rising groundwater are controlled by (i) precipitation and
recharge, (ii) hydrogeologic conditions, and (iii) man-made water works and their operations.
Above average precipitation and recharge create a high pressure head in the up-gradient areas
of the Six Basins that forces groundwater flow to the south. Geologic faulting and folding has
created groundwater barriers within the water-bearing sediments and/or uplifted the lower-
permeability Older Alluvium to shallower depths. The southward flowing groundwater
encounters the lower-permeability zones and barriers, which can force the groundwater to rise
to the ground surface. Without sufficient pumping by wells, the groundwater will
preferentially rise to the ground surface through higher permeable zones, including shallow
sandy sediments, abandoned wells, and/or buried pipes. From the near surface, the rising
groundwater flows (or is pumped) into curbs, storm drains, and channels and exits the Six
Basins.

The occurrence of rising groundwater is infrequent, typically of short duration, and does not
occur at all of the locations shown on Figure 2-13 at the same time. Rising groundwater has
been documented within the Six Basins during the late-1880s, 1907-12, 1922, 1937-38, 1940-
41,1968-69, 1978-81, 1983-84, and 1999-2001. Rates of rising groundwater, when it occurs,
have not been measured completely or accurately. Bean (1982) estimated about 1,200 gpm of
rising groundwater discharge to storm drains from the Martin Cienegas in Claremont during
the 1978-81. Richard C. Slade & Associates (2001) estimated at least 70 acre-ft of rising
groundwater discharge from the Palomares Cienegas in Pomona during August 2000 through
June 2001.

Although not quantified, groundwater discharge from the Six Basins via rising groundwater is
relatively small compared to groundwater production and sub-surface outflow across the San
Jose Fault. That said, rising groundwater has been a periodic inconvenience to the residents,
businesses, and institutions within the cities of Claremont and Pomona, and has reportedly
flooded basements and caused settling of foundations.

2.2.4.6 Groundwater Flow

In general, the groundwater flow mimics the surface-water drainage patterns: from areas of
recharge in the north towards the southwest. Along this general flow path, groundwater
encounters bedrock ridges and barriers to flow that deflect and retard it. As groundwater
mounds behind bedrock ridges and/or fault barriers, it flows within the shallower sediments
over and across these obstructions into down-gradient basins.

Figure 2-14a is a groundwater-elevation contour map for fall 2011 that depicts the general
groundwater-flow patterns across the Six Basins. Flow direction is perpendicular to the
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contours from higher elevation to lower elevation. Figures 2-14b, 2-14c, and 2-14d are
groundwater-elevation contour maps for: fall 1999, which represents the start of Six Basins
adjudication; fall 1983, which represents a period of relatively high groundwater elevations;
and fall 1965, which represents a period of low groundwater elevations. Although
groundwater elevations are quite different on these maps, the shape and orientation of the
contours are similar, demonstrating that the groundwater-flow patterns within the Six Basins
have been generally consistent over time and under different hydrologic conditions.

The groundwater-elevation maps show recharge that occurs along the mountain front, from
San Antonio Canyon to the Thompson Creek Spreading Grounds, flows south and southwest.
Groundwater that encounters the San Jose Fault barrier mounds and deflects groundwater
flow to the southwest.

The deflection of groundwater flow to the southwest is especially evident after years of
plentiful recharge at the SASG, which is clearly demonstrated by comparing the groundwater
flow systems in Figure 2-14a during 2011, following a wet winter, to Figure 2-14d during 1965,
following a dry period. During the wet winter of 2010-11, a groundwater mound formed
beneath the SASG. The mound flowed south, encountered groundwater-flow barriers—
including the San Jose Fault, the bedrock ridge north of the Indian Hill Fault, and the Indian Hill
Fault itself—and the groundwater-flow system was deflected further to the southwest
compared to the flow system in 1965. Figure 2-12 is further evidence of this process: it shows
that groundwater elevations increased in MW-2 during early 2011 and caused a simultaneous
rise in the ground surface in this area due to the rising groundwater elevations. The rise in the
ground surface gradually dissipated and propagated to the southwest later in 2011, which
indicates that the groundwater mound dissipated and flowed to the southwest.

The bedrock ridge north of the Indian Hill Fault, and the Indian Hill Fault itself, impede the
southward flow of groundwater, but do not stop it altogether. As groundwater elevations rise
behind the Indian Hill Fault, groundwater flows across the fault into the Pomona Basin through
preferential paths within the shallow water-bearing sediments. Figure 2-15 shows changes in
groundwater elevations following the very wet winter of 2004-05, which illustrates the
preferential flow of groundwater across the Indian Hill Fault into the Pomona Basin:

1. More than 30,000 acre-ft of surface water was recharged at the SASG during water year
2004-05. From December 2004 to June 2005, a groundwater mound developed
beneath the SASG and flowed south.

2. Groundwater flow was impeded by barriers—including the San Jose Fault, the bedrock
ridge north of the Indian Hill Fault, and the Indian Hill Fault—and groundwater
mounding spread to the southwest.

3. The San Jose Fault and the Indian Hill Fault appeared to be significant barriers near
their intersection: groundwater first flowed across the Indian Hill Fault west of its
intersection with the Intermediate Fault.

4. The Intermediate Fault appeared to be a groundwater barrier in the Pomona Basin, as
evidenced by groundwater elevations at MW-3, which did not increase until August
2005.

5. By January 2006, the recharge event of 2004-05 had caused increases in groundwater
elevations across the entire northeast portion of the Pomona Basin.
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Figures 2-14a, 2-14b, 2-14c, and 2-14d corroborate this description of preferential
groundwater flow across the Indian Hill Fault, showing:

1. Large differences in groundwater elevations at wells on either side of the Indian Hill
Fault east of its intersection with the Intermediate Fault—differences are typically
greater than 300 feet.

2. A relatively constant hydraulic gradient across the Indian Hill Fault west of its
intersection with the Intermediate Fault.

3. In the Pomona Basin, groundwater flows to the southwest on both sides of the
Intermediate Fault.

The InSAR data, shown in Figure 2-12, corroborates this description of preferential
groundwater flow across the Indian Hill Fault: it shows a differential rise in the ground surface
west of the Intermediate Fault caused by increases in groundwater elevations following the
wet winter of 2010-11.

As groundwater flows south toward the southern portion of the Pomona Basin, the barrier
effect of the Intermediate Fault appears to diminish as indicated by (i) a lack of groundwater
elevation offsets across it and (ii) a lack of differential vertical ground motion, as shown by the
InSAR data. In the southern portion of the Pomona Basin, groundwater discharges as rising
groundwater, groundwater production, or subsurface outflow to the down-gradient Chino
Basin and Spadra Basin. Figure 2-13, which depicts depth-to-groundwater for January 2006, a
period of relatively high groundwater elevations in the Six Basins, shows relatively shallow
depths to groundwater at the southern tip of the Pomona Basin (<50 feet), the area where
groundwater flows across the San Jose Fault to recharge the Chino Basin and Spadra Basin
(DWR, 1970).

In the western portion of the Six Basins, Figures 2-14a to 2-14d show that recharge that occurs
along the mountain front in the vicinity of the mouth of Live Oak Wash flows south toward the
Indian Hill Fault. The western boundary of the Six Basins is drawn as a “no-flow” boundary
with the contours perpendicular to the boundary. This boundary is approximately aligned
with a bedrock ridge, and the water-bearing sediments are relatively thin along the boundary.
There are very few wells along the boundary, and hence, very little groundwater-elevation data
available to characterize groundwater flow directions. The Indian Hill Fault does not appear
to be a significant barrier to groundwater flow in the western portion of the Six Basins because
(i) groundwater does not mound behind it, (ii) the interpretation of InSAR data does not
indicate differential vertical ground motion across it, and (iii) there is not a noticeable offset in
groundwater elevations across it (also see LACFCD, 1936).

2.2.4.7 Aquifer Systems and Hydrostratigraphy

The Six Basins is an alluvial groundwater reservoir composed of interbedded layers of gravel,
sand, silt and clay, or layers that are a combination of one or more of these sediment types. The
layers that are composed mainly of gravel and sand are permeable and groundwater flows
through the interconnected pore space within these layers towards pumping wells. These
layers of gravel and sand are referred to as “aquifers.” The layers that are composed mainly of
silt and clay are poorly permeable, and impede groundwater flow to pumping wells. Layers of
silt and clay are referred to as “aquitards.” Aquitards store groundwater and can transmit
appreciable amounts of groundwater to the adjacent aquifers through vertical drainage.
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Groundwater can exist within an aquifer system under two different physical conditions:
unconfined and confined. Where the groundwater table is exposed to the atmosphere through
the overlying unsaturated zone, the aquifer system is unconfined, and the groundwater table
can rise and fall freely under the stresses of recharge and pumping. Where deeper
groundwater is separated from the atmosphere by significant thicknesses of aquitards, the
aquifer system is confined, and the groundwater can be under a pressure head that is higher
than the top of the aquifer. Depending on the spatial distribution of the aquitards, and their
effectiveness as “confining layers,” a groundwater reservoir can be vertically stratified into
multiple aquifer systems that have different physical and chemical characteristics.

In the Six Basins north of the Indian Hill Fault, groundwater generally exists under unconfined
conditions. Hydrogeologic cross-section A-A’ (Figure 2-11a) shows that the water-bearing
sediments in these northern forebay areas of the Six Basins are relatively coarse-grained
throughout their total thickness, and do not contain thick, laterally-continuous, aquitards that
create confined conditions and a multiple aquifer system. Flowing-artesian wells—an
indication of confined aquifer conditions—have never been observed or mapped in this area.

South of the Indian Hill Fault in the Pomona Basin, groundwater exists within at least two
aquifer systems: a shallow aquifer system and a deep aquifer system. The shallow aquifer
system is generally characterized by unconfined conditions, higher permeability within its
sand and gravel units, and high concentrations of dissolved solids and any groundwater
contaminants that were released at the ground surface. The deep aquifer system is generally
characterized by confined groundwater conditions, lower permeability within its sand and
gravel units, and lower concentrations of dissolved solids and groundwater contaminants.
Groundwater elevations tend to be higher in the shallow aquifer system, indicating a
downward vertical hydraulic gradient.

This multiple aquifer system is most distinct and best characterized in the central and southern
portions of the Pomona Basin, but may also exist in the northern and western portions of the
basin. Evidence of this multiple aquifer system includes:

Figure 2-16 shows historical areas of flowing-artesian wells in the Six Basins at the Martin and
Del Monte Cienegas in Claremont and at the larger Palomares Cienega in Pomona (Mendenhall,
1905; 1908). Flowing-artesian wells indicate the presence of laterally-continuous aquitards
that cause confined conditions within a deeper aquifer system.

Investigations of groundwater contamination associated with the Xerox Site in the Pomona
Basin are discussed below in the section on Groundwater Quality. These investigations
involved the drilling, construction, and sampling of numerous, multi-depth, monitoring wells
across the central portion of the Pomona Basin. Analysis of the geologic and water-quality data
collected from these wells indicate the presence of at least two aquifer systems—a shallow
unconfined system and a deep confined system—separated by about 50 feet of fine-grained
sedimentary layers at a depth of about 400 to 450 feet below the ground surface (Haley &
Aldrich, 2011). Figure 2-11b is a hydrogeologic cross-section that includes one of these
monitoring wells (MW-14), and shows how groundwater-quality changes with depth. The
main differences in groundwater quality between the aquifer systems are (i) that electrical
conductivity (EC) is about 300 uS/cm in the deep aquifer system and about 800 uS/cm in the
shallow aquifer system, and (ii) that concentrations of the contaminants associated with the
site, including 1,1-DCE and hexavalent chromium, are highest in the shallow aquifer system.
Haley & Aldrich (2011) speculated that the differences in groundwater quality indicate the
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existence of the confining, fine-grained, sedimentary layers that separate the shallow and deep
aquifers.

The City of Pomona owns and operates a number of production wells within the historical area
of the Palomares Cienega. Figure 2-16 shows the locations of two of these wells: P-01B is an
inactive well that was generally screened across the shallow aquifer system from 160-450 ft-
bgs; P-07 is an active well that is generally screened across the deep aquifer system from 385-
982 ft-bgs.

These two wells are physically located about 1,000 feet from each other, but their water-level
time histories are different. Figure 2-17 is a groundwater-elevation time-series chart from
2007-2011 for both wells. Note that groundwater elevations at Well P-01B, which is
perforated within the shallow aquifer system, fluctuated annually by about 50 feet—probably
in response to seasonal production at nearby wells. Most of these nearby wells pump from the
deep aquifer system, including Well P-07. Note that when Well P-07 turns on, its water levels
decline by about 200 feet, which is typical of confined groundwater conditions where relatively
small changes in storage can generate large changes in piezometric levels. Note that
groundwater elevation in P-07 are always lower than in P-01B—even when P-07 is not
pumping—which indicates a downward hydraulic gradient. Also note that groundwater
elevations in P-01B appear to respond to the pumping cycles at P-07, which suggests (i) that
the shallow and deep aquifer systems are not completely isolated from each other and (ii) that
groundwater within the shallow aquifer system, and its dissolved constituents, have flowed
downward into the deep aquifer system.

Wells P-01B and P-07 also display significant differences in water quality. Figure 2-18 is a time-
series chart of TDS and 1,1-DCE concentrations at both wells, and shows that TDS and 1,1-DCE
concentrations are higher in the shallow aquifer system—and at some times, much higher.

Monitoring of the vertical ground motion overlying a groundwater basin can provide
information on the extent and aggregate thickness of fine-grained sedimentary layers within a
groundwater basin. This is because the drawdown of groundwater elevations causes pore
water to drain out of the pore space within the fine-grained sediments, causing compression
of the sediments and land subsidence. Recovery of groundwater elevations causes the opposite
process and results in rebound of the land surface. Vertical ground motion has been monitored
in the Six Basins area by the Chino Basin Watermaster using InSAR since 1993. Figure 2-16
shows a subset of the ground-motion data from this monitoring program for the period 1996-
2000. The data demonstrate that the maximum vertical ground motion in the Six Basins occurs
within the southern portion of the Pomona Basin underlying the Palomares Cienega, which
suggests the presence of fine-grained sedimentary layers and a confined aquifer system.

Based on the observations and analyses described above, the aquifer systems of the Six Basins
were sub-divided into two hydrostratigraphic units—Layer 1 and Layer 2. Figures 2-11a, 2-
11b, 2-11c, and 2-11d show the division between Layer 1 and Layer 2. The delineation of these
layers in three dimensions was drawn from a holistic analysis of all data. In other words, the
layer boundaries do not always match specific observations at every well on every cross-
section, but do honor the general patterns within the hydrostratigraphy of the Six Basins.

In general, Layer 1 coincides with the shallow aquifer system, which is characterized by
unconfined conditions, higher permeability within its sand and gravel units, and high
concentrations of dissolved solids and any groundwater contaminants that were released at
the ground surface. Layer 2 coincides with the deep aquifer system, which is generally
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characterized by confined to semi-confined groundwater conditions, lower permeability
within its sand and gravel units, and lower concentrations of dissolved solids and groundwater
contaminants.

The bottom of each Layer was contoured based on the hydrogeologic cross-sections to describe
the three-dimensional geometry of both layers. Figure 2-19 shows equal elevation contours of
the bottom of Layer 1. Figure 2-20 shows equal elevation contours of the bottom of Layer 2.
Figure 2-20 also shows that Layer 2 only exists within the deeper portions of the Six Basins.

2.2.4.8 Initial Estimates of Aquifer Properties

The properties that characterize the ability of the water-bearing sediments of the Six Basins to
store and transmit groundwater are specific yield (effective porosity) and hydraulic
conductivity. The specific yield of the water-bearing sediments is a measure of its capacity to
store water. Specific yield is the ratio of the volume of water that a given mass of saturated
sediments will yield by gravity drainage to the volume of that mass. The ratio is typically stated
as a percentage. The hydraulic conductivity of the water-bearing sediments is a measure of its
capacity to transmit water. Hydraulic conductivity is the rate of flow of groundwater in gallons
per day through a cross section of one square foot of sediment under a unit hydraulic gradient.
The English units for hydraulic conductivity are feet per day (ft/day).

Hydraulic conductivity and specific yield are closely related to the texture of the sediments
(McCuen et al., 1981). For example, the values of hydraulic conductivity and specific yield are
generally higher in sands and gravels as compared to silts and clays. Several databases and
publications have estimated values of hydraulic conductivity and specific yield based on
sediment texture (Rawls et al., 1982; Schaap and Leij, 1998; Carsel and Parrish, 1988; Bouwer,
1978; Prudic, 1991; Reese and Cunningham, 2000; Kuniansky and Hamrick, 1998; Domenico
and Schwartz, 1990; Freeze and Cherry, 1979, Johnson, 1967). These estimates of hydraulic
conductivity and specific yield were assigned to each sediment description on every well
driller’s report for boreholes drilled in the Six Basins.

Thickness-weighted estimates of horizontal hydraulic conductivity and specific yield were
computed at each borehole within each hydrostratigraphic units (Layer 1 and Layer 2) in 1983,
a time of relatively high groundwater elevations, using the following formulas:

% I<ibi

Ky=27

n S b

S — yl 1
y ; b

Where,
Kj is the average horizontal hydraulic conductivity in the Layer,
K; is the hydraulic conductivity of i bed,
b; is the saturated thickness of bed i,

b is the total thickness of the saturated portion of the Layer
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Sy is average specific yield in the Layer
Syi is the specific yield for bed i.

Figures 2-21 and 2-22 show the thickness-weighted, initial estimates for specific yield at
boreholes for Layers 1 and 2, respectively. These figures also show interpolated estimates of
specific yield between boreholes to depict their spatial and vertical distribution. Generally,
specific yield is (i) higher in the northern and eastern portions of the Six Basins and (ii) higher
in in Layer 1 compared to Layer 2. Specific yield is lower in the Pomona Basin because of the
greater number and thickness of fine-grained sedimentary layers. Specific yield also is low in
the area overlying the bedrock ridge north of the Indian Hill Fault—probably a result of uplift
of the Older Alluvium.

Figures 2-23 and 2-24 show the thickness-weighted, initial estimates for horizontal hydraulic
conductivity at boreholes for Layers 1 and 2, respectively. These figures also show
interpolated estimates of horizontal hydraulic conductivity between boreholes to depict their
spatial and vertical distribution. As with effective porosity, hydraulic conductivities are (i)
higher in the northern and eastern portions of the Six Basins and (ii) higher in Layer 1
compared to Layer 2. Hydraulic conductivities typically decrease with depth because deeper
sediments, such as the Older Alluvium, have experienced a greater degree of secondary
alteration, such as weathering of feldspars to clay minerals and cementation of pore space.

The initial estimates of vertical hydraulic conductivity for each Layer are assumed to be ten
percent of the horizontal hydraulic conductivity.

2.2.5 Summary of Basin Management Issues

The hydrogeology of the Six Basins places certain limits on the utilization of groundwater. In
addition, the hydrogeology is imperfectly understood. The physical limits and the gaps in the
current understanding of the hydrogeology are summarized below, and they pose specific
challenges to basin management.

o The Six Basins are situated in an area that can receive and recharge large volumes of
surface water, but they are a relatively small series of groundwater sub-basins with
limited storage capacity.

e The recharge of surface water is unbalanced across the Six Basins. The areas where
most recharge occurs are located in San Antonio Canyon and at the SASG. The
Thompson Creek and Live Oak Creek watersheds, and the spreading grounds at the
mouths of these watersheds, are much smaller in comparison, and hence, the recharge
of storm water is much less in these areas.

e Areas of greatest recharge capacity do not overlie the areas with greatest groundwater-
storage capacity, but in fact, are separated by distance and barriers to groundwater
flow. The groundwater-storage capacity in the forebay areas north of the Indian Hill
Fault, where most of the surface-water recharge occurs, is small compared to the
storage capacity in areas south of the Indian Hill Fault in the Pomona Basin. The
storage capacity is greatest in the Pomona Basin, but there are no spreading grounds
that overlie the Pomona Basin, and it is separated from the areas of surface-water
recharge by groundwater barriers.
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e Currently, groundwater levels are relatively high in the Pomona Basin which (i) means
that losses via sub-surface outflow to the Chino Basin and Spadra Basin are higher than
they would be if groundwater levels were lower and (ii) limits its ability to “take” water
in a storage program.

e Faulting and folding have created barriers to groundwater flow and, in places, have
uplifted the consolidated bedrock formations and the lower-permeability sediments of
the Older Alluvium to shallow depths. These geologic conditions have created:

o Areas that are susceptible to rising groundwater during wet periods.

o Preferential flow paths for groundwater across the groundwater barriers that
is not fully understood and characterized, including (i) flow across the Indian
Hill Fault, which is a source of recharge to the Pomona Basin; (ii) flow across
the Intermediate Fault, which has impacted groundwater levels at wells and the
transport and distribution of groundwater contaminants in the Pomona Basin;
and (iii) flow across the San Jose Fault, which is a component of groundwater
discharge from the Six Basins.

o A partially-closed groundwater basin—the Pomona Basin—which can lead to
the concentration of dissolved salts and other contaminants in groundwater.

e The aquifer-system in the Pomona Basin is multi-layered and the groundwater-flow
system is complex and not well characterized. This is problematic because the most
serious groundwater-quality problems are within the Pomona Basin. Effective
remediation of these problems will require a better understanding of the hydrogeology
and the groundwater-flow system.

e The thickness, effective porosity, and permeability of the water-bearing sediments are
variable across the Six Basins, which makes some areas more productive for
groundwater pumping than others. In general, the production characteristics of wells
are best where the water-bearing sediments are thickest. The production
characteristics of wells are poorest in areas where the water-bearing sediments are
relatively thin and/or of low porosity and permeability.

2.3 Groundwater Production

This section describes historical and current groundwater production patterns in the Six
Basins, and identifies how and why groundwater production has been constrained in the past.
This understanding will aid in the development of basin-management programs to address
those constraints and develop a higher and more sustainable yield from the Six Basins.

2.3.1 Groundwater-Production Monitoring

Historically, groundwater production has been monitored by the Parties in the Six Basins that
own and operate wells. In general, the completeness and quality of the recent data is better
than historical data maintained by the Parties. Prior to the adjudication in December 1998,
there were no coordinated and on-going efforts to collect and compile groundwater-
production data from all of the Parties in the Six Basins area. Historical groundwater-
production data were compiled by various consultants for the development of groundwater
models and other hydrogeologic studies (MWH, 1993; CDM, 1995, CDM 1996; CDM, 1999;
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CDM, 2006a). Since the adjudication in 1998, Watermaster staff has collected monthly flow-
meter reads from each Party for each of its wells in the Six Basins and has compiled and stored
these data.

2.3.2 Historical Groundwater Production

For this report, the production data from all available sources were compiled and reviewed.
Production data set spans the period from 1960 through 2011. Data from 1960 through 1996
were obtained from CDM and their model-input files (CDM, 2006a). Data from 1978 through
1998 were collected from the Watermaster Parties. Data from 1999 through 2011 were
available from Watermaster’s database.

Table 2-3a summarizes annual groundwater production data set for 1960 through 199812,
Much of the production data on this table for the early period of 1960-1977 is based on
information from model-input files (CDM, 2006a). The table shows that for some sub-basins
annual production is constant year after year, and some of the values are significantly different
compared to the more recent measured data that was collected directly from the Parties or
obtained from Watermaster’s database. These early data appear to be rough estimates, and
we were unable to locate or decipher the supporting references for these estimates. For these
reasons, we have less confidence in the accuracy of the production data from 1960-1977 than
for after 1977, so the analysis presented herein focuses on the period 1978-2011.

Table 2-3b and Figure 2-25 summarize annual groundwater production by sub-basin for the
period 1978 to 2011. Since 1978, annual production from the Six Basins ranged from about
13,600 acre-ft/yr to 23,500 acre-ft/yr and averaged 18,600 acre-ft/yr. For the period prior to
the adjudication (1978-1998) production averaged about 19,100 acre-ft/yr. For the period
since the adjudication (1999-2011) production averaged about 17,900 acre-ft/yr. The average
production for each time period is shown on Figure 2-25.

Table 2-3b and Figure 2-25 show that the majority of groundwater production in the Six Basins
occurred in the Upper Claremont Heights Basin and the Pomona Basin. Prior to the
adjudication, 87 percent of total production was in these two basins. Since the adjudication,
this percentage of total production increased to 95 percent. This was largely due to decreased
production in the Lower Claremont Heights Basin and Canyon Basin. Currently, there are no
wells pumping groundwater from the Lower Claremont Heights Basin and pumping in the
Canyon Basin is about half of what it was prior to the adjudication.

Figure 2-25 also shows that groundwater production from the Six Basins increased following
wet years or periods, and decreased during prolonged dry periods. This observation was
particularly true for the Upper Claremont Heights Basin and the Canyon Basin. On Figure 2-
25, the wet years or periods are indicated by an upward slope of the CDFM curve, such as
during 1978 to 1983, 1992 to 1998, and 2004 to 2006. The dry periods are indicated by a
downward slope of the CDFM curve, such as during 1984 to 1991, 1999 to 2004, and 2007 to
2010. Groundwater production in the Upper Claremont Heights Basin was about 9,400 acre-
ft/yr during the dry period from 1984-1991, and was about 12,500 acre-ft/yr during the wet
period from 1992-1998—an increase of over 3,000 acre-ft/yr.

12 Data are reported herein based on a calendar year. Watermaster performs annual production
accounting based on a calendar year. Additionally, some agencies only provided annual production
values based on the calendar year for pre-1999 production.
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Groundwater production in the Pomona Basin has varied between about 5,100 to 9,400 acre-
ft/yr during 1978 to 2011, but on average, production has remained relatively constant at
about 6,500 acre-ft/yr. Poor groundwater quality—including high concentrations of nitrate,
perchlorate, and volatile organic compounds (VOCs)—has limited production in the Pomona
Basin. Construction and operation of treatment facilities has eased some of those constraints,
but poor groundwater quality continues to be a factor that limits production in the Pomona
Basin.

Production from the Live Oak Basin and Ganesha Basin has always been relatively minor—on
average about 3 percent of total production in the Six Basins. From about 1993 to 2001,
production declined to almost zero due to poor groundwater quality, including high
concentrations of nitrate, perchlorate, and VOCs. Construction of treatment facilities in the Live
Oak Basin has allowed production to increase back up to and above historical levels.

2.3.3 Groundwater Production and Water Rights

The Judgment states that the safe yield of the Six Basins is 19,300 acre-ft/yr and established a
base annual production right for each Party, which is essentially a percentage of the safe yield.
However, the physical solution in the Judgment states that Watermaster will determine an
operating safe yield (OSY) for the Four Basins area (Canyon Basin, Upper Claremont Heights
Basin, Lower Claremont Heights Basin, and Pomona Basin), and the Parties can produce their
share of the OSY from the Four Basins without incurring a replacement obligation. Each year,
the Watermaster determines the OSY based on recent and expected recharge, pumping, and
groundwater levels. The OSY is allocated to each Party based on their base annual production
right. Production in the Two Basins is reserved for the City of La Verne, and is not subject to
any limitations provided that production does not substantially injure the rights of any other
Party.

Table 2-4 and Figure 2-26 show the annual OSY established by the Watermaster for the Four
Basins versus the annual groundwater production in the Four Basins from 1999-2011.
Production from the Four Basins has almost always been less than or equal to the OSY, which
suggests that there are factors that have limited production, such as poor groundwater quality
and/or low groundwater levels. Since 2008, the OSY and production have been relatively
stable at about 17,500 acre-ft/yr which is about 1,800 acre-ft less than the safe yield, and
groundwater production has gradually shifted from the Pomona Basin to the Upper Claremont
Heights Basin. Moreover, some Parties are installing or planning for new well construction in
the Upper Claremont Heights Basin because of the generally excellent groundwater quality and
higher elevation.

The management implication here is that the current practice of setting a single OSY for the
Four Basins allows for production patterns that do not optimize the yield of the Four Basins
and may lead to other basin-management problems. For example, preferential production of
the OSY from the Upper Claremont Heights Basin may lead to higher groundwater levels in the
Pomona Basin, increased sub-surface losses to the Chino Basin, and/or rising groundwater in
the Pomona Basin.

2.3.4 Summary of Basin Management Issues

The following is a summary of the major issues for basin management that are associated with
groundwater production in the Six Basins:
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e Low groundwater elevations following dry periods can significantly constrain
groundwater production. This has been particularly true in the Canyon Basin and
Upper Claremont Heights Basin.

e Poor groundwater quality has constrained some Parties’ ability to produce
groundwater—particularly in the Pomona Basin, Lower Claremont Heights Basin, and
the Two Basins.

e The current practice of setting a single OSY for the Four Basins allows for production
patterns that do not optimize the yield and may lead to other basin-management
problems, such as rising groundwater. Changing the current practice may require an
amendment to the Judgment, Operating Plan, or both.

2.4 Groundwater Levels and Storage

This section describes (i) how groundwater levels are monitored in the Six Basins, (ii) how
groundwater levels and storage have changed over time across the Six Basins, (iii) why those
changes occurred, and (iv) what effect those changes had on the yield of the groundwater basin
and the water purveyors that pump groundwater. This understanding will aid in the
development of basin management programs that include the control of groundwater levels
and storage for the maximum benefit of the water purveyors.

2.4.1 Groundwater-Level Monitoring

Various entities have collected groundwater-level data in the past. Municipal, governmental,
and other entities have historically collected groundwater-level data in programs that range
from irregular, study-oriented measurements to long-term periodic measurements. The USGS
and the DWR collected groundwater-level measurements at wells prior to about 1980. Most
of the municipal water purveyors have conducted long-term monitoring programs of periodic
measurements on a monthly or semi-annual interval. The Watermaster has installed nine
transducers and data-loggers in wells across the Six Basins to continually measure and record
groundwater levels. The Watermaster collects, compiles, and checks groundwater-level
measurements from all sources and stores the data in a relational database that is accessible
online through the HydroDaVE software system.

Figure 2-27 is a map that displays all wells that are currently monitored for groundwater levels
in the Six Basins. The map also shows the wells that are equipped with transducers, and the
wells used in this section to analyze trends in groundwater levels over time but are no longer
monitored.

2.4.2 Historical Groundwater Levels

Figure 2-27 shows the location of wells that are used herein to characterize the time history of
groundwater-levels in different areas of the Six Basins. The wells were selected based on length
of record, completeness of record, and geographical distribution. The wells are labeled on the
map by their local name designation.

The time series of groundwater-elevations at these wells are shown on:

Figure 2-28a illustrates groundwater-elevation trends in the Upper Claremont Heights
Basin.
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Figure 2-28b illustrates groundwater-elevation trends in the northeastern portion of
the Pomona Basin.

Figure 2-28c illustrates groundwater-elevation trends in the southern portion of the
Pomona Basin.

Figure 2-28d illustrates groundwater-elevation trends in the Live Oak Basin, Ganesha
Basin, and the western portion of the Pomona Basin.

To illustrate cause-and-effect relationships on the charts, the behavior of groundwater
elevations is compared to:

e Annual groundwater production from wells within the area that pertains to the chart.
e Annual recharge of native and imported waters that occurred at the spreading grounds.

e Precipitation as illustrated by the CDFM curve for the precipitation station located at
the Claremont Police Station (No. 93A-C). Upward sloping lines on the CDFM curve
indicate wet years or wet periods. Downward sloping lines indicate dry years or dry
periods.

Each time-series chart covers the period 1930 to 2011, but only includes the recharge and
groundwater-production data from 1965 to 2011, which is the period of record that will be
used to estimate developed yield later in this section.

The short-term groundwater-elevation fluctuations at some of wells shown on the charts are
caused by pumping and non-pumping observations at the wells.

2.4.2.1 Upper Claremont Heights Basin

Figure 2-28a is the groundwater-elevation time-series chart for wells located in the Upper
Claremont Heights Basin. Groundwater elevations in this area increased immediately during
wet years or wet periods that were associated with large volumes of recharge. During some of
these years, groundwater elevations increased by as much as 200 feet. Groundwater
production from the area increased immediately following the rise in groundwater elevations
to volumes well above 10,000 acre-ft/yr. During dry years or periods, groundwater elevations
declined, and it appears that as groundwater elevations declined, groundwater production also
declined. During extended dry periods, groundwater production declined to volumes of less
than 10,000 acre-ft/yr, and groundwater elevations became more stable. Although
groundwater elevations fluctuated in this area by about 200 feet between wet and dry periods,
there was no long-term trend of decline in groundwater elevations that would suggest
overdraft.

These observations suggest that recharge and production have an immediate influence on
groundwater elevations in the Upper Claremont Heights Basin, and that the groundwater
pumpers in this area have the capacity and desire to increase production when groundwater
elevations are high. These conclusions are significant because they indicate that management
programs that enhance recharge in this area will increase groundwater elevations and allow
for increased groundwater production.

2.4.2.2 Pomona Basin

Figure 2-28b and Figure 2-28c are the groundwater-elevation time-series charts for wells
located in the eastern portion of the Pomona Basin. Two charts are needed to describe this
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area because the hydrogeology and groundwater-flow systems are complex, and hence,
groundwater elevations have followed different trends in different areas.

Figure 2-28b shows the groundwater elevations at wells located immediately south of the
Indian Hill Fault on either site of the Intermediate Fault:

e P-13is west of the Intermediate Fault.

e C(College-2 and Green-1 are east of the Intermediate Fault.

The period from 1945 to 1977 was dry, as indicated by the downward slope of the CDFM curve,
and by 1977 groundwater elevations were at or near historical lows. Groundwater elevations
were higher west of the Intermediate Fault during this period of relatively low groundwater
levels.

During the 1978 to 1983 wet period, recharge at the spreading grounds exceeded 20,000 acre-
ft for three of the six years. Groundwater elevations increased at all wells in this area during
this wet period, but more so in the area east of the Intermediate Fault. By 1980, groundwater
elevations were higher in the area east of the Intermediate Fault than west of the fault.
Similarly, over 30,000 acre-ft of water was recharged at the spreading grounds during 2006,
and groundwater elevations east of the Intermediate Fault increased by more than
groundwater elevations west of the fault.

These observations suggest that during wet periods when groundwater elevations are
relatively high in the Upper Claremont Heights Basin, the Pomona Basin east of the
Intermediate Fault receives preferential recharge via sub-surface inflow across the Indian Hill
Fault. This is significant because sub-surface inflow is a major source of recharge to the
Pomona Basin. Understanding how sub-surface inflow occurs across the Indian Hill Fault will
be important to the development of basin management programs.

Figure 2-28c shows the groundwater elevations from wells P-08 and P-07 located in the
southern downgradient portion of the Pomona Basin. The 1936 to 1944 period was relatively
wet, and groundwater elevations increased by about 150 feet in this area. The 1945 to 1968
period was dry, and groundwater elevations gradually declined by more than 300 feet in this
same area to historical lows. Groundwater production data are not complete during this
period, but it is likely that groundwater production increased during the dry period as the
availability of surface water declined.

From 1968-1998, there were a number of wet years or periods (1969, 1978 to 83, and 1992 to
98) and groundwater production from the area was relatively low because of poor
groundwater quality. By 1999, groundwater elevations had increased by more than 400 feet to
historical highs, and rising groundwater was documented in the City of Pomona (Richard C.
Slade & Associates, 2001). The recent period of 1999 to 2011 has been relatively dry and
groundwater production from this area has increased during some years because of the
installation of groundwater treatment facilities. Since 1999, groundwater elevations in this
area gradually declined by about 40 feet. As of 2012, rising groundwater no longer occurs in
Pomona, but groundwater elevations in this area remain near historical highs.

The current state of relatively high groundwater elevations in the southern Pomona Basin is
undesirable because (i) sub-surface outflow to the Chino Basin and Spadra Basin is greater
than would be if groundwater elevations were lower, (ii) the threat of rising groundwater is
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high in the event of an increase in recharge or a decrease in production, and (iii) it limits the
basin’s ability to “take” water in a storage program.

2.4.2.3 Live Oak Basin and Ganesha Basin

Figure 2-28d is the groundwater-elevation time-series chart for wells located in the Live Oak
Basin and the western portion of the Pomona Basin. The groundwater-elevation data on this
chart are from the La Verne Heights 3 well and an un-named well, which are located directly
downgradient from Live Oak Canyon and the Live Oak Spreading Grounds, and from the
Lincoln well, which is located further downgradient near the boundary between the Ganesha
Basin and Pomona Basin. There is no evidence that the boundary between the Ganesha and
Pomona basins is a barrier to groundwater flow, so the Lincoln well is representative of
groundwater conditions in the Ganesha Basin.

Figure 2-28d shows that recharge and pumping in these subbasins are small compared to the
subbasins. Recharge at the Live Oak Spreading Grounds has never exceeded 500 acre-ft/yr,
while recharge at the SASG has at times exceeded 30,000 acre-ft/yr. Pumping from the
combined Live Oak and Ganesha basins has never exceeded 1,600 acre-ft/yr, while pumping
from the combined Canyon, Upper Claremont Heights, Lower Claremont Heights, and Pomona
basins has at times exceeded 23,000 acre-ft/yr.

At the La Verne Heights 3 well and the un-named well, groundwater elevations were at
historical lows in the mid-1960s. During the wet year of 1969 and the wet period of 1978-83,
groundwater elevations increased. By 1984, groundwater elevations in the Live Oak Basin had
increased by about 150 feet compared to 1967 elevations to historical highs. During the
subsequent dry period of 1984 to 1992, groundwater elevations declined by about 40 feet.
There is an absence of groundwater-elevation data in this area from about 1996 to 2003, but
after the wet year of 2005, groundwater elevations had recovered again to near historical
highs. From about 1986 to 2005, groundwater production from the area declined, so it s likely
that groundwater elevations remained relatively high during the period with no data (1996 to
2003). From 2006 to 2011, groundwater production has steadily increased, the climate has
been relatively dry, and groundwater elevations have declined in the Live Oak Basin by about
70 feet.

These observations indicate that groundwater elevations in the Live Oak Basin respond
directly and immediately to recharge and production. These responses of groundwater
elevations are logical given the relatively coarse-grained nature of the shallow sediments, the
shallow depth-to-groundwater that is typically between 100 to 200 ft-bgs, and the small
volume of groundwater storage that is typically between 40,000 to 50,000 acre-ft.

At the downgradient Lincoln well, groundwater elevations displayed a similar trend compared
to the La Verne Heights well and the un-named well, but follow more closely with the
groundwater-elevation time histories of wells in the southern Pomona Basin shown on Figure
2-28c. This suggests that the aquifer system from the Ganesha Basin and the southern Pomona
Basin is connected.

2.4.3 Groundwater Storage

The changes in groundwater levels described above resulted in changes in groundwater
storage. This section describes the time series of storage and storage change in the Six Basins
from 1965 to 2011.
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The following figures illustrate how and where groundwater elevation and storage changed
within the Six Basins between key points in time since 1965:

o Figure 2-29a shows changes in groundwater levels from 1965, which was a time of low
groundwater levels, to 1983, which was a time of relatively high groundwater levels.
Groundwater levels increased by more than 100 feet across most of the Six Basins, and
in some areas by more than 300 feet.

e Figure 2-29b shows changes in groundwater levels over the period 1983 (relatively
high groundwater levels) to 1999 (start of the adjudication). Note that groundwater
levels declined north of the Indian Hill Fault and in the western Pomona Basin, but
continued to increase across most of the central and southern Pomona Basin.

o Figure 2-29c shows changes in groundwater levels over the period 1999 (start of the
adjudication) to 2011 (current groundwater levels). Note that groundwater levels
generally increased in areas north of the Indian Hill Fault, and generally decreased in
areas south of the Indian Hill Fault.

The methods used to compute storage and storage changes are describe below:

The data used to estimate groundwater storage for a specific year included
bedrock elevation which is shown on Figure 2-10, the groundwater elevations
for the year which are shown on Figures 2-14a, 2-14b, 2-14c, and 2-14d, and
the thickness-weighted average effective porosity of the saturated water-
bearing sediments which is shown on Figure 2-21 and Figure 2-22 as an
example for 1983. Within ArcGIS, bedrock elevation, groundwater-level
elevation, and effective porosity were assigned to each cell of a 200 x 200-foot
grid across the Six Basins. In Microsoft Excel, volumes of groundwater in
storage within each grid cell were added and summarized by sub-basin.

Table 2-5 shows total groundwater in storage by sub-basin for 1965, 1983, 1999, and 2011.
Change in storage was computed for logical groups of sub-basins. The observations and
interpretations from Table 2-5 are:

1. Total storage in the Six Basins has ranged from a low of about 470,000 acre-ft in 1965
to a high of about 720,000 acre-ft in 1983—a storage increase of about 250,000 acre-ft
over 18 years.

2. Total storage in the Six Basins declined slightly since 1983, but has remained relatively
high compared to 1965. In 2011, total storage was about 650,000 acre-ft.

3. Storage capacity is greatest in the Pomona Basin.

4. Storage changes do not occur in parallel across the Six Basins. Different areas have
experienced different magnitudes and time-histories of storage change.

These findings reveal significant challenges to basin management. Specifically, the areas of
greatest recharge capacity do not overlie the areas with greatest groundwater-storage
capacity, but in fact, are separated by distance and barriers to groundwater flow. The
groundwater-storage capacity in the forebay areas north of the Indian Hill Fault, where most
of the surface-water recharge occurs, is small compared to the storage capacity in areas south
of the Indian Hill Fault in the Pomona Basin. Storage capacity is greatest in the Pomona Basin,
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but there are no spreading grounds that overlie the Pomona Basin, and it is separated from the
areas of surface-water recharge by groundwater barriers.

2.4.4 Developed Yield

As defined herein, the “developed yield” is the annual average yield that was pumped from a
groundwater sub-basin(s) over a finite period of time, but is corrected for the change in
groundwater storage and the volume of supplemental water recharge that occurred during the
period. The developed yield is reflective of the hydrology and water management practices of
that period. It is not necessarily the “safe yield” of the basin unless the period is long enough
and meets the criteria for a safe yield estimate. Herein, the estimates of develop yield are used
to reveal (i) how the Six Basins responded under varying hydrologic conditions and water
management practices and (ii) the implications for basin management.

The developed yield can be estimated using a pragmatic approach that has sometimes been
used to estimate safe yield:

Developed Yield = (O, - Ior + AS) /At

Where:
At s the time period over which the developed yield is being estimated
0, is the total groundwater pumped from the basin(s) during At
I~ is the total supplemental water recharged to the basin(s) during At

AS is the change in groundwater storage within the basin(s) during At

Table 2-6 shows the developed yield estimates for the various sub-basins and groups of sub-
basins within the Six Basins from 1966 to 1983, 1984 to 1999, 2000 to 2011, and 1966 to 2011.
These periods were chosen because they will show how developed yield changed over time
and under different hydrologic and groundwater-elevation conditions:

1966 to 1983. This was generally a wet period, especially at the end of the period.
During the period, groundwater elevations increased by more than 100 feet across
most of the Six Basins, and in some areas by more than 300 feet.

1984 to 1999. This period was generally dry during the first half of the period and
generally wet during the second half of the period. During the period, groundwater
elevations declined north of the Indian Hill Fault and in the western Pomona Basin, but
continued to increase across most of the central and southern Pomona Basin.

2000 to 2011. This was generally a dry period. During the period, groundwater
elevations generally increased in areas north of the Indian Hill Fault, and generally
decreased in areas south of the Indian Hill Fault.

1966 to 2011. This is the entire period of record. This period was generally wet
compared to the long-term historical record of precipitation shown on Figures 2-2a
through 2-2d. The implication here is that the develop yield estimates during a dryer
period would be lower than the estimates for 1966 to 2011.
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For the combined Canyon, Upper Claremont Heights, and Lower Claremont Heights basins, the
developed yield is higher after wet years or periods when groundwater elevations are
relatively high, and is lower after dry years or periods when groundwater elevations are lower.
The management implication here is that operating this area at higher groundwater elevations
will increase the yield and allow the pumpers in this area to produce more groundwater.

In the Pomona Basin, the opposite is true. Groundwater elevations rose by up to 400 feet in
the Pomona Basin from 1966 to 1999 and stayed relatively high during the 2000 to 2011
period. The developed yield declined from about 12,000 acre-ft/yr during the 1966 to 1983
period to about 4,100 acre-ft/yr during 2000 to 2011 period. This decline in developed yield
suggests that sub-surface outflow to the Chino Basin and Spadra Basin increased as
groundwater elevations rose. The management implication here is that operating the Pomona
Basin at lower groundwater elevations will decrease outflow and increase the yield.

For the combined Four Basins during the 1966 to 2011 period, the developed yield was about
20,700 acre-ft/yr. The established safe yield of the Four Basins in the Judgment is 19,300 acre-
ft/yr. Although the 1966 to 2011 period is a relatively long, this estimate of developed yield
should not be viewed as an alternate estimate of safe yield, because the 1966 to 2011 period
was a relatively wet. The develop yield estimates during a dryer period would likely be lower
than the estimates for the 1966 to 2011 period.

For the Two Basins, the production estimates for the 1966 to 1983 period were derived from
model input files (CDM, 2012) and the values for production are much higher than for the
periods 1984 to 1999 and 2000 to 2011. This suggests that the production estimates for 1966
to 1983 are likely incorrect and too high, which indicates that the estimates of developed yield
for the period 1966 to 1983 are incorrect and too high. For the period 1984 to 1999, the
developed yield from the Two Basins was less than 1,000 acre-ft/yr. During the relatively dry
period of 2000 to 2011, groundwater elevations declined and the developed yield declined to
less than 500 acre-ft/yr. The managementimplications here are that the long-term sustainable
yield of the Two Basins is relatively small—probably less than 1,000 acre-ft/yr. Enhancing
recharge and operating the Two Basins at higher groundwater elevations will increase the
yield.

2.4.5 Summary of Basin Management Issues

The following is a summary of the major issues for basin management that are associated with
groundwater elevations and storage in the Six Basins:

e Recharge has an immediate and positive influence on groundwater elevations and the
developed yield in the Upper Claremont Heights Basin. Groundwater pumpers in this
area have the capacity and desire to increase production when groundwater elevations
are high. The management implication here is that enhanced recharge in this area will
increase groundwater elevations and allow for increased groundwater production.

e When groundwater elevations are relatively high in the Upper Claremont Heights
Basin, the Pomona Basin east of the Intermediate Fault receives preferential recharge
via sub-surface inflow across the Indian Hill Fault. The management implication here
is that maintaining high groundwater elevations in the Upper Claremont Heights Basin
will enhance recharge to the Pomona Basin and enhance its yield.

November 2017
2-34

081-017 v



Strategic Plan for the Six Basins 2 - Physical State of the Six Basins

e Sub-surface flow across the Indian Hill Fault is an important source of recharge to the
Pomona Basin, but is not adequately understood and characterized. Understanding
how sub-surface flow occurs across the Indian Hill Fault is important to the
development of basin management programs.

e The areas of greatest recharge capacity, such as the Upper Claremont Heights Basin, do
not overlie the areas with greatest groundwater-storage capacity, such as the Pomona
Basin. In fact, these areas are separated by distance and barriers to groundwater flow.

o The current state of relatively high groundwater elevations in the southern Pomona
Basin is undesirable. Managing the Pomona Basin at lower groundwater elevations will
(i) reduce sub-surface outflow to the Chino Basin and Spadra Basin and increase the
yield of the basin, (ii) reduce the threat of rising groundwater in the event of an increase
in recharge or a decrease in production, and (iii) improve the ability of the Pomona
Basin to participate in storage programs without causing undesirable consequences
such as reduced yield or rising groundwater.

e The long-term sustainable yield of the Two Basins is relatively small—probably less
than 1,000 acre-ft/yr. Enhancing recharge and operating the Two Basins at higher
groundwater elevations will increase the yield.

2.5 Historical Land Use, Water Use, and Disposal

This section describes the historical and current land use, water use, and disposal of water in
the Six Basins. It is important to understand land use, water use, and disposal for three main
reasons. First, water use and disposal on lands that overlie a groundwater basin are important
components of the water budget. This is true because different land uses have different
imperviousness, irrigation practices, and disposal practices that affect the volume of return
flows to the groundwater basin. Second, water use and disposal are an important influence on
groundwater quality. This is true because the concentration of dissolved constituents in the
return flows is higher relative to the groundwater, which causes degradation of groundwater
quality. Third, the municipal wastewater that originates in the Six Basins, and is currently
exported from the Six Basins, is a potential supplemental water supply for the water purveyors
in the Six Basins.

2.5.1 Land Use and Source Waters

Figure 2-30 illustrates the land use in the Six Basins area in 1949, 1963, 1975, and 2005. The
land-use changes shown on these maps are quantified by acreage on Figure 2-31. The land-
use maps were developed from DWR land use surveys for 1949 through 1984, and from
Southern California Association of Governments (SCAG) surveys for 1990 and 2005. The maps
show a change over time from mainly agricultural citrus in 1949 to mainly urban land uses
today. The urbanization encroached from the south to the north. By 1963, almost all of the
City of Pomona had converted to urban land uses, as well as the southern portions of
Claremont, La Verne, and Upland. By 1990, the remainder of most citrus groves had converted
to urban uses.

The early sources of water for domestic use and irrigated agriculture were surface-waters
diverted from San Antonio Canyon, other tributary canyons, and the marshes and springs at
the cienegas. These surface waters were conveyed to the areas of use by channels and
pipelines. In the late 1880s, wells and tunnels were constructed at the cienegas to augment the
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surface water with groundwater. By 1950, wells had been constructed across the entire Six
Basins area to supply the agriculture and the drinking-water demands of the growing urban
population, and imported water supplies were available from the Colorado River via the Upper
Feeder. By the 1970s, imported water supplies were available from the State Water Project via
the Foothill Feeder.

2.5.2 Water Use and Return Flows

With few exceptions, as land use converts from irrigated agriculture to urban uses, it becomes
more impervious with less irrigated area. Historically, when land use was converted from
natural or agricultural uses to urban uses, the imperviousness increased from near zero to
between 60 and 100 percent depending on the specific land use. The Los Angeles County Public
Works Department assumes about a 2% impervious area for orchards and vineyards in their
hydrology manual (LACPWD, 2006). In contrast, urbanized areas have a much higher fraction
of imperviousness, typically from about 20% for very low-density residential areas to 90% or
more for apartments, mobile home courts, and high-rise offices.

For their respective irrigated areas, citrus and urban land uses have different irrigation
efficiencies. Irrigation efficiency is defined as the ratio of the use of the applied water by the
plants to the total water applied (UCCE, 2000). The lower the efficiency, the more applied
water is lost. The main component of loss is infiltration of the applied water past the root zone
to the aquifer system. The typical efficiency of flood irrigation is 60 percent or less. Modern
irrigation methods, such as trickle irrigation, can achieve 90 percent efficiency (Pier, 2006).

The combination of higher imperviousness and higher irrigation efficiency associated with
urban land uses can reduce the return flows of applied water to the groundwater basin by up
to 90 percent compared to the same area of flood-irrigated citrus groves. In short, the change
from citrus to urban land uses has resulted in reduced return flows, and hence, reduced basin
yield.

Irrigation return flows degrade groundwater quality. Citrus farming, and to a lesser degree
urban landscape irrigation, is associated with application of fertilizers and pesticides that
dissolve in the applied water. Plant uptake of the water concentrates the return flows. The
return flows are a non-point-source of contaminant loading to the groundwater basin that has
affected, and continues to affect, the temporal and spatial distribution of groundwater-quality
in the Six Basins. This is particularly true for nitrate and perchlorate. Groundwater quality in
the Six Basins is described and discussed in Section 2.6.

2.5.3 Disposal of Water

Surface waters that have not infiltrated or been diverted for use in the Six Basins have exited
the Six Basins in the stream channels. These channels were concrete-lined for flood-control
purposes in the late-1950s and early-1960s, which eliminated infiltration of water in these
channels as a source of recharge. In addition, as the area converted from citrus to urban land
uses, the imperviousness urbanized areas were connected to the storm-drain systems to
export runoff from the area. The surface water that exits the Six Basins in the channels either
flows to the ocean or is put to beneficial use by downstream entities mainly for recreational
uses and/or groundwater recharge.
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Prior to the 1920s, all domestic and commercial wastewaters were disposed of in cesspools or
septic-tanks/leach-fields. Subsequently, population growth led to the construction of pipelines
and treatment plants to collect and treat wastewater at regional facilities. Currently, the
municipal wastewaters that originate in the Six Basins are treated to tertiary standards at
regional treatment facilities that are located outside of the Six Basins. Almost none of the
treated municipal wastewater is reused in the Six Basins, and therefore, it is a potential water
resource to the Six Basins.

Figure 2-32 shows the current wastewater disposal and recycling facilities in the Six Basins
area. The domestic and commercial wastewater originating in the Six Basins is either treated
by the Los Angeles County Sanitation District at the Pomona Water Reclamation Plant (Pomona
WRP) for Los Angeles County areas, or by the Inland Empire Utilities Agency (IEUA) at Regional
Plant #1 for the San Bernardino County areas. Currently, the tertiary-treated wastewaters
from these plants are either (i) discharged to streams, (ii) reused for irrigation or commercial
processes, or (iii) directly recharged to groundwater at spreading grounds in the Chino Basin.

Figure 2-32 also shows that some urbanized areas are not sewered, and dispose of
wastewaters with on-site waste disposal (septic) systems. These areas are mainly located in
Live Oak Canyon and vicinity, and could be having an adverse impact on groundwater quality
in downgradient areas—particularly for nitrate.

2.5.4 Summary of Basin Management Issues

The following is a summary of basin management issues associated with land use, water use,
and water disposal in the Six Basins:

e The change from citrus to urban land uses in the Six Basins has resulted in reduced
return flows and recharge, which has reduced basin yield.

e Concentrated return flows from irrigation are a non-point source of contaminant
loading to the groundwater basin which has affected, and continues to affect, the
temporal and spatial distribution of groundwater-quality in the Six Basins.

e Currently, the municipal wastewaters that originate in the Six Basins are treated to
tertiary standards at regional treatment facilities that are located outside of the Six
Basins. Almost none of the treated municipal wastewater is reused in the Six Basins,
and therefore, it is a potential water resource to the Six Basins.

e Some urbanized areas are not sewered, and dispose of wastewaters with on-site waste
disposal (septic) systems. These areas are mainly located in Live Oak Canyon and
vicinity, and could be having an adverse impact on groundwater quality in
downgradient areas—particularly for nitrate.

2.6 Groundwater Quality

A characterization of groundwater quality in the Six Basins aids in the understanding of how
groundwater is being put to beneficial use, and the current and future challenges that pumpers
face related to groundwater quality. Groundwater quality, and how it has varied over space
and time, can also be used to characterize the hydrology and hydrogeology of the Six Basins,
insofar as groundwater quality is a function of source-water quality, water use and disposal,
and the physical processes and chemical reactions that occur along groundwater-flow paths
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from areas of recharge to areas of discharge. These processes and reactions typically include
dispersion/diffusion, sorption/desorption, precipitation/dissolution, and
degradation/transformation.

This section describes: (1) the sources of groundwater quality data available in the Six Basins,
(2) the general chemistry of groundwater in the Six Basins, (3) how groundwater quality
compares to regulatory standards for drinking water, and (4) the known point sources of
contamination in the Six Basins.

2.6.1 Groundwater-Quality Monitoring and Data Collection

In the Six Basins, groundwater quality data are available from production and monitoring
wells. Groundwater quality samples from production wells are collected by well owners. In
general, well owners sample their wells for the constituents and associated sample frequencies
required by the California Code of Regulations for drinking water. Oftentimes additional
sampling is performed that is specific to each well owner’s water quality concerns and
interests. Groundwater quality samples from monitoring wells in the Six Basins are collected
by public entities and private companies, and their consultants, to characterize point-source
contamination for which they are potentially responsible, as determined by the Los Angeles
Regional Water Quality Control Board (RWQCB). The constituents and sample frequency vary
by contamination site.

Available groundwater quality data for wells in the Six Basins were collected from a variety of
resources. A quality assurance/quality control (QA/QC) program was conducted as part of the
process to upload all groundwater quality data to HydroDaVESM, a software system with a
centralized database and graphical user interface that allows visualization of the data through
a variety of sophisticated data-analysis tools. The objective of the QA/QC program is to ensure
that duplicate and erroneous data are not loaded to the database or included in the
groundwater quality analysis.

Data for wells owned by the City of Pomona, West End Consolidated Water Company, City of
Upland, and San Antonio Water Company were collected from the Chino Basin Watermaster,
who collects the sample results directly from these agencies or from their contract laboratories
and loads them into HydroDaVE. For these wells, data are available for the 1930 to 2011 period.
Groundwater quality data from wells owned by the City of La Verne, Golden State Water
Company, and TVMWD were obtained from the California State Water Resources Control
Board’s (State Board) Division of Drinking Water (DDW) water quality database for the 1990
to 2011 period, the period for which electronic data are readily available. Some supplementary
groundwater quality data for the City of Pomona, West End Consolidated Water Company, City
of Upland, and San Antonio Water Company were also obtained from the DDW database.
Groundwater quality data from the State Board’s GeoTracker!3 and EnviroStor!4 websites were
obtained for monitoring efforts at the following sites with point source contamination: the
former Xerox Corporation facility in the Pomona Basin, the former United Production Services

13 GeoTracker was created by the State Water Resources Control Board to manage data for sites that may
impact groundwater: underground storage tanks (UST), Department of Defense, etc. Permitted facilities,
such as operating USTs and land disposal sites are also managed in GeoTracker.

14 EnviroStor was created by the Department of Toxic Substances Control (DTSC) and provides access
to detailed information on hazardous waste permitted and corrective action facilities, as well as existing
site cleanup information.
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facility, and the former Victor Graphics facility, both in the Ganesha Basin. In total, data were
collected for 70 production wells and 94 monitoring wells for the period 1930 to 2011.

Data for the 2007 to 2011 period were used to characterize current groundwater quality of the
Six Basins. Figure 2-33 shows the location of wells with groundwater quality sample results
forthe 2007 to 2011 period—symbolized by well type. In this period, there were 48 production
wells and 61 monitoring wells with available data for the characterization of water quality.
Figure 2-33 also shows the general location of the three point-source contamination sites
identified within the Six Basins as impacting groundwater quality.

2.6.2 Water Character Index

The general chemistry of groundwater can be characterized using a modified version of the
Piper Diagram method known as the water character index (WCI). WCl is a unitless parameter
that can be used to generally characterize water sources in terms of their ratios of major
cations and anions. WCI is analogous to a trilinear Piper diagram, which is a graphical means
of displaying the ratios of the principal ionic constituents in water (Watson & Burnett, 1995).
Water character is defined by the following equation:

wel - [{Ca +Mg } N {cos +HCO, }j 100
Na+ K Cl+SO,
Where Ca, Mg, et cetera are expressed in terms of milliequivalents per liter (meq/L) rather than
milligrams per liter (mg/L). The first term on the right hand side of the equation is the ratio of
divalent to monovalent cations, and the second term is the ratio of carbonate character to
chloride/sulfate character. The utility of the WCI method, compared to Stiff or Piper diagrams,
is that data points can be plotted on a map to show the spatial distribution of water character
or as a time-series plot to assess temporal trends. Note that WCI is not a unique solution, and
verifying the results with Stiff or Piper Diagrams is important. In this analysis, the water
chemistry of Six Basins wells are used identify spatial variations in water character. Using

HydroDaVE Explorer, the Stiff diagram tool was used to corroborate the interpretations of the
computed WCI values.

The primary sources of groundwater recharge in the Six Basins include mountain front
recharge, artificial recharge of native surface water from San Antonio Canyon, Thompson
Creek, and Live Oak Canyon, deep infiltration of precipitation, deep infiltration of returns from
use (e.g., anthropogenic outdoor water use), and imported water recharge. Raw, native surface
water diverted from San Antonio Canyon is sampled by the City of Upland prior to treatment
at the San Antonio Canyon drinking water treatment plant. The WCI of raw San Antonio Creek
surface water sampled between 2006 and 2011 ranged between 1,445 and 2,050, and
averaged 1,720. These high WCI values are reflective of the calcium-bicarbonate character of
the San Antonio Creek water.

Figure 2-34 is an areal representation of the average WCI of groundwater at wells for the five-
year period from 2007 through 2011. Two wells located just to the north of San Antonio Dam
pump groundwater that is directly under the influence of mountain front recharge from San
Antonio Canyon. These two wells have similar WCI values to raw San Antonio Canyon surface
water for the same period: the average WCI values for the 2007 through 2011 period are 1,415
and 2,025. Wells pumping from areas of the Six Basins where native surface water recharge is
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a primary source of groundwater recharge should express similarly high WCI values (>1,000).
As the groundwater flows through the aquifer system the dissolution of minerals, cation
exchange, or mixing with other sources of recharge—such as deep infiltration of precipitation
or returns from use—results in changes in WCIL.

Figure 2-34 shows that the majority of wells located in the Upper Claremont Heights Basin are
producing groundwater that is recharged by San Antonio Canyon surface water. These wells
are all downgradient of the forebay of the Six Basins where the vast majority of San Antonio
Creek runoff water is recharging.

Wells located in the western portion of the Six Basins have WCI values that range between 400
and 800, suggesting that there is less influence from mountain-front recharge of native surface
water in these areas or the that geology of the drainage area is different than that of San
Antonio Creek. As discussed earlier in this report, the annual volume of water diverted for
spreading at the Live Oak basins is smalll> compared with spreading at the SASG. Further
downgradient, in the Ganesha Basin, WCI values are less than 400, suggesting that
groundwater is mixing with other sources of lower WCI water (e.g., returns from use) and/or
is impacted by the ionic composition of the aquifer materials through which groundwater is
flowing.

In the Pomona Basin, a wide range of WCI values are observed: from a low of 210 to a high of
1080. In the western-most end of Pomona Basin, WCI in wells is similar to Live Oak Basin. To
the south, WCI area range between 200 and 400, suggesting that major ion chemistry has been
altered along the flow path from the forebay area, likely from both chemical reactions with
aquifer sediments (sorption/desorption, precipitation/dissolution) and from returns from
use. In the northeast end of the Pomona Basin, wells in relatively close proximity to each other
have a wide range of WCI values, which supports conclusions stated earlier in this report that
the hydrogeology of the Pomona Basin is complex.

2.6.3 Comparison of Groundwater Quality with Regulatory Standards

Drinking Water Standards. Section 304(a)(1) of the Clean Water Act of 1972 requires the US
Environmental Protection Agency (USEPA) to develop criteria for water quality that that are
based solely on data and scientific judgments on chemical concentrations and human health
effects. The Safe Drinking Water Act requires the USEPA to establish National Primary Drinking
Water Regulations, which include maximum contaminantlevels (MCL). Primary MCLs (PMCLs)
are the legal threshold limits on the amount of a constituent - expressed as a concentration -
that is allowable in a public drinking water system. A maximum contaminant level goal (MCLG)
is the concentration of a constituent that can be present in drinking water with no adverse
health effects. The MCL, then, is set as close to the MCLG as possible taking into consideration
treatment technologies, analytical capabilities, and economic analyses. Secondary MCLs
(SMCLs) are established by the USEPA for constituents in drinking water that do not cause
adverse health effects, but may instead cause aesthetic problems, such as unpleasant taste or
odors.

15 Between 1999 and 2011, spreading a Live Oak averaged 123 acre-ft/yr, with a maximum value of 297
acre-ft/yr. At the SASG, spreading ranged averaged 3,572 acre-ft/yr, with a maximum value of 31,362
acre-ft/yr. For more details see section 2.1 of this report.
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Similarly, at the state level, Cal/EPA's Office of Environmental Health Hazard Assessment
(OEHHA) establishes public health goals pursuant to Health & Safety Code §116365(c), which
are concentrations of constituents in drinking water that do not pose a significant human
health risk based on risk assessments. Health & Safety Code §116365(a) requires DDW to set
the MCL as close to the public health goal (PHG) as possible, taking into account detectability,
treatability, and the cost of treatment.

DDW also establishes Notification Levels (NLs), which are health-based advisory levels for
constituents in drinking water for which MCLs have not yet been established. Health & Safety
Code §116455 requires that the owner of a drinking water system notify local governing bodies
whenever an NL is exceeded in drinking water that is provided to consumers. DDW also
recommends that the consumers are provided notice as well, perhaps through the Consumer
Confidence Report (CCR).

Using HydroDaVE, a query was performed to compare all water quality data for wells in the Six
Basins from 2007 through 2011 to current Federal and California MCLs, and California NLs.
Table 2-7 summarizes the results of this query by listing each chemical that was detected above
an MCL or NL, the number of times the MCL or NL was exceeded, and the number of wells at
which the exceedances occurred.

Basin Plan Objectives and Salt and Nutrient Management. The responsibility for protecting
water quality in California rests with the State Board and its nine RWQCBs. The State Board
sets policies and develops regulations for the implementation of water quality control plans
(Basin Plans) that are mandated by state and federal water quality statutes and regulations.
The RWQCBs are responsible for developing and implementing water quality control plans that
(1) designate the current and potential future beneficial uses for surface waters, groundwater,
wetlands and coastal waters, (2) set numerical or narrative water quality objectives, referred
to as basin plan objectives, that must be protective of the designated beneficial uses and
conform to the State Board’s Antidegradation Policy, and (3) describe the implementation
programs to implement the Basin Plan.

A key element of California’s water quality standards is the State Board’s Antidegradation
Policy. This policy restricts degradation of surface or groundwater, in particular for sources
where the existing water quality is better than is necessary for the protection of its beneficial
uses. When the existing water quality of a surface water or groundwater resource is better than
its basin plan objective, this water is said to have “assimilative capacity” for degradation. The
antidegradation policy is implemented, in part, through Waste Discharge Requirements issued
by the RWQCBs. Waste discharges to groundwater are regulated as follows with respect to
assimilative capacity:

o [f assimilative capacity does not exist (i.e., the existing groundwater quality is poorer
than basin plan objective), then discharges to that the groundwater basin must have
water quality that is equal to or better than the basin plan objective.

o [f assimilative capacity does exist (i.e, the existing groundwater quality is better than
basin plan objective), then the RWQCB has the discretion to allocate assimilative
capacity for discharges that have water quality that is poorer than the basin plan
objective. Dischargers must demonstrate to the RWQCB that the degradation resulting
from the proposed discharge will not result in an exceedance of basin plan objectives
and that it is consistent with the maximum benefit to the people of the State of
California.
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In February 2009, the State Board adopted Resolution No. 2009-011 which establishes a
statewide Recycled Water Policy (Policy). The Policy identifies an “unparalleled opportunity
for California to move aggressively towards a sustainable water future” and encourages the
“local and regional water agencies to move toward clean, abundant, local water for California
by emphasizing appropriate water recycling, water conservation, maintenance of supply
infrastructure, and the use of stormwater (including dry-weather urban runoff)”. The Policy
requires the State Board and the RWQCBs to exercise the authority granted to them by the
Legislature to the fullest extent possible to encourage the use of recycled water, consistent with
State and federal water quality laws. The Policy also recognizes that:

e Some groundwater basins in the state contain salts and nutrients that exceed or
threaten to exceed the water quality objectives established in applicable Basin Plans.

e Water quality objectives in the Basin Plans are set to protect the beneficial uses of
groundwater, but not all Basin Plans include adequate implementation procedures for
achieving or ensuring compliance with the water quality objectives for salt or nutrients.

o Degradation of groundwater quality can be caused by a number factors, including
natural soils/conditions; waste discharges; irrigation using surface water,
groundwater, or recycled water; and water-supply augmentation using surface or
recycled water.

e Regulation of recycled water alone does not ensure compliance with the water quality
objectives for salt or nutrients or the protection of the beneficial uses of groundwater.

To address the potential for salt and nutrient degradation in groundwater from all sources, and
the potential impairment of beneficial uses, the Policy requires the development of
salt/nutrient management plans (SNMP) to support recycled water reuse programs. The two
primary water quality constituents of concern for SNMPs are TDS and nitrate.

The Los Angeles RWQCB has jurisdiction over the coastal drainages of Ventura County and Los
Angeles County, including the San Gabriel Basin, within which the Six Basins is located. In the
Basin Plan for the Los Angeles Region, the Six Basins is divided into three groundwater sub-
basins: Claremont Heights, which generally coincides with the adjudicated boundaries of the
Upper Claremont Heights Basin and the Lower Claremont Heights Basin; Live Oak, which
generally coincides with the adjudicated boundary of the Live Oak Basin; and Pomona, which
generally coincides with the adjudicated boundaries of the Pomona Basin and Ganesha Basin.
The designated beneficial uses for all three basins are: municipal and domestic supply,
agricultural supply, industrial service supply, and industrial process supply. The TDS
objectives for Claremont Heights, Live Oak, and Pomona are 450 mg/L, 450 mg/L, and 300
mg/L, respectively. The nitrate (as nitrogen) objective for all three basins is 10 mg/L.

Understanding the spatial distribution of wells with sample results greater than regulatory
standards is important because it indicates areas in the basin where groundwater may be
impaired from a beneficial use standpoint. A series of maps were prepared to depict the areal
distribution of constituents of potential concern (COPC) in the Six Basins. COPCs are defined as
follows:

o Constituents associated with salt and nutrient management planning, which are
primarily TDS and nitrate.

e Other constituents where a primary or secondary MCL was exceeded in five or more
wells from 2007 to 2011, which include TDS, nitrate, and perchlorate.
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o Constituents associated with known point-source contamination sites, which include
trichloroethene (TCE), tetrachloroethene (PCE), 1,1-dichloroethene (1,1-DCE), and
hexavalent chromium.

e Constituents for which the DDW is in the process of developing an MCL that may impact
future beneficial use of groundwater, which include hexavalent chromium and 1,2,3-
trichloropropane (1,2,3-TCP).

Figures 2-35 through 2-41 show the areal distribution of groundwater quality for the COPCs
listed above. The maximum concentration measured at each well from 2007 to 2011 is
displayed using the following standardized class intervals based on the water quality standard
(WQS) for the constituent of concern:

Symbol Class Interval

Not Detected

<0.5x WQS, but detected
0.5x WQS to WQS

WQS to 2x WQS

2x WQS to 4x WQS

> 4x WQS

@Q0O@e o

2.6.3.1 TDS

TDS has an SMCL of 500 mg/L. Figure 2-35 displays the areal distribution of the maximum TDS
concentration at wells in the Six Basins from 2007 through 2011. During this period, 8 out of
48 wells sampled for TDS exceeded the SMCL. The maximum TDS concentrations ranged from
230 mg/L to 660 mg/L and averaged 368 mg/L. The highest TDS concentrations are located in
Live Oak Basin, Ganesha Basin, and the western-most area of the Pomona Basin, where there
is less recharge of low-TDS surface water to blend with high-TDS of returns from irrigation
uses.

With regards to basin plan objectives for TDS, all wells in Claremont Heights are well below
the objective concentration of 450 mg/L. The highest TDS concentration observed in this area
is 380 mg/L, indicating that the basin has assimilative capacity for TDS. In Live Oak, only one
of seven wells is below the objective of 450 mg/L. The majority of wells are above 500 mg/L,
indicating that the basin may not have assimilative capacity for TDS. In Pomona, 15 of the 17
wells have TDS concentrations in excess of the objective of 300 mg/L, indicating that the basin
may not have assimilative capacity for TDS. A finding of no assimilative capacity for TDS could
restrict the reuse and/or recharge of recycled water in the Six Basins.

2.6.3.2 Nitrate

The Federal and California PMCL for nitrate as nitrogen in drinking water is 10 mg/L. By
convention, all nitrate values are expressed in this report as nitrate as nitrogen. Figure 2-36
displays the areal distribution of the maximum nitrate concentration at wells in the Six Basins
from 2007 through 2011. During this period, 22 out of 58 wells sampled for nitrate exceeded
the PMCL. The areas of highest nitrate concentrations—to the west and south-west of the SASG
down to the Pomona Basin and Live Oak Basin—correlate with areas of historical agricultural
land use, particularly citrus farming, in the Six Basins (refer to the land use maps in Figure 2-
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30). Fertilizers high in nitrate were regularly applied to citrus crops in these areas for more
than 30 years. Furthermore, typical irrigation practices for citrus have low irrigation
efficiencies, about 60 percent. The lower the irrigation efficiency of the practice, the more
applied water percolates to groundwater. These agricultural practices resulted in the high-
nitrate legacy that impacts the beneficial use of groundwater by agencies in the Six Basins to
this day. Both the Cities of Pomona and La Verne rely on treatment of the high-nitrate
groundwater in the Live Oak, Ganesha, and Pomona Basins. High-nitrate concentrations have
also threatened Golden State Water Company’s ability to produce groundwater in the western-
most Claremont Heights Basins. Lower concentrations of nitrate in groundwater are observed
at wells in areas not overlain by historical citrus farming and that are influenced by the
recharge of high-quality, low-nitrate native water at the San Antonio Dam and SASG.

With regard to the basin plan objective for nitrate, which is 10 mg/L across the whole Six
Basins, Live Oak and Pomona have the greatest number of wells with concentrations above the
objective. In Live Oak, all wells have nitrate concentrations greater than 10 mg/L, indicating
that the basin does not have assimilative capacity for nitrate. In Pomona, all but the eight wells
in the north-east corner of the basin have nitrate concentrations greater than 10 mg/L,
indicating that the basin may not have assimilative capacity for nitrate. In Claremont Heights,
only three wells have nitrate concentrations about equal to or greater than 10 mg/L, indicating
that the basin does have assimilative capacity for nitrate. A finding of no assimilative capacity
for nitrate could restrict the reuse and/or recharge of recycled water in the Six Basins.

2.6.3.3 Perchlorate

Perchlorate is a regulated drinking water contaminant in California with a PMCL of 6
micrograms per liter (pg/L). Figure 2-37 displays the areal distribution of the maximum
perchlorate concentration at wells in the Six Basins from 2007 through 2011. During this
period, 17 out of 48 wells sampled for perchlorate exceeded the PMCL of 6 pug/L. Perchlorate
sources in groundwater can include synthetic perchlorate, such as ammonium perchlorate
used in the manufacturing of solid propellants used for rockets, missiles, and fireworks; and
natural perchlorate, such as that derived from Chilean caliche that was used as a fertilizer. It is
known that Chilean nitrate fertilizer was used in Southern California in the early 1900s for the
citrus industry, which covered the northern and western portions of the Six Basins as shown
in Figure 2-30. While citrus farming was almost non-existent in the Six Basins by the 1990s,
like nitrate, the legacy of perchlorate contamination in groundwater still exists’®. As is the case
with nitrate, the Cities of Pomona and La Verne require treatment of the perchlorate-
contaminated groundwater in the Live Oak, Ganesha, and Pomona Basins.

2.6.3.4 TCE and PCE

TCE and PCE are regulated drinking water contaminants in California with a PMCL of 5 pg/L.
Figure 2-38 and Figure 2-39 display the areal distribution of the maximum TCE and PCE
concentrations at wells in the Six Basins from 2007 to 2011. During this period, 17 out of 106
wells sampled for TCE, and 18 out of 106 wells sampled for PCE, exceeded their PMCLs. TCE,
and PCE are common industrial solvents used as degreasers in metal-working industries. Wells
with detectable levels of TCE and PCE occur predominantly in monitoring well clusters

16 The Chino Basin Watermaster conducted a study analyzing the stable isotopes of oxygen and chlorine
from perchlorate in samples from groundwater wells in west and central Chino Basin. This study
concluded that Chilean fertilizer was the source of perchlorate in those portions of Chino Basin. The
results of the study were not published by the Chino Basin Watermaster.
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associated with the known point-sources of contamination (see Figure 2-33) or in wells
downgradient of these contamination sites. However, TCE is detected in a few wells that are
not located in proximity to these contamination sites and potentially responsible parties are
yet to be identified. The known point-source contamination sites in the Six Basins will be
discussed in more detail in this report.

2.6.3.5 1,1-DCE

1,1-DCE is a regulated drinking water contaminant in California with a PMCL of 6 pg/L. Figure
2-40 displays the areal distribution of the maximum 1,1 DCE concentration at wells in the Six
Basins from 2007 - 2011. During this period, 21 out of 106 wells sampled for 1,1-DCE exceeded
the PMCL. 1,1-DCE is a degradation by-product of TCE, PCE, and 1,1,1-trichloroethane (1,1,1-
TCA) that is formed by reductive dehalogenation. Wells with detectable levels of 1,1-DCE occur
predominantly in monitoring well clusters associated with the known point-sources of
contamination (see Figure 2-33) or in wells downgradient of these contamination sites. 1,1-
DCE is detected in a few wells that are not located in proximity to these contamination sites
and potentially responsible parties are yet to be identified. The known point-source
contamination sites in the Six Basins will be discussed in more detail in this report.

2.6.3.6 Hexavalent Chromium

There are no Federal or California drinking water standards specific to hexavalent chromium.
Hexavalent chromium is currently regulated under the PMCL established for total chromium
(California PMCL of 50 pg/L and Federal PMCL of 100 pg/L). In 1999, the DDW determined
that hexavalent chromium needed an individual MCL as concerns grew over its carcinogenicity
in drinking water. In 2001, hexavalent chromium was included on the State of California’s
Unregulated Chemicals that Require Monitoring (UCMR) list!7 to be sampled by 2002 (Title 22
of the CCR, §66450). Furthermore, the California Health and Safety Codes (§116365.5 and
§1163659a) compelled the DDW to adopt an MCL for hexavalent chromium, and required it to
be as close as practicable to the PHG established by OEHHA. A PHG of 0.02 pg/L was established
by OEHHA on July 27,2011, and an MCL of 10 ug/L was established by the State Board in 2015.
This MCL was later invalidated by the Superior Court of Sacramento County as economically
infeasible and directed the State Board to adopt a new alternative MCL.

Hexavalent chromium in groundwater may be naturally-occurring (weathering of alluvium)
and it may also be anthropogenic in origin (typically chromium plating or other industrial
sources). Research is being conducted by the USGS to determine if a stable isotope method can
be developed to differentiate hexavalent chromium by source. Unpublished research by the
Chino Basin Watermaster suggests that hexavalent chromium concentrations up to 8 to 9 pg/L
in the Chino Basin probably result from naturally-occurring sources.

Figure 2-41 displays the areal distribution of the maximum hexavalent chromium
concentrations at wells in the Six Basins from 2007 through 2011. Hexavalent chromium
concentrations are plotted using the standardized class interval based on the PHG of 0.02 pg/L.
During this period, 42 out of 48 wells in the Six Basins sampled for hexavalent chromium
exceeded the PHG. The remaining 6 wells that did not exceed the PHG were non-detect values.
However, samples collected from these wells were analyzed using a detection limit for
reporting (DLR) of 0.1 to 1.0 pg/L, which corresponds to 5 to 50 times than the PHG, which

17 Information can be found at http: //www.cdph.ca.gov/certlic/drinkingwater/Pages /UCMR.aspx
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means that hexavalent chromium could be present at concentrations above the PHG, but that
they are not detectible based on the lab methods performed.

From 2007 through 2011 the maximum detected hexavalent chromium concentrations ranged
from 0.5 to 340 pg/L. The highest concentrations of hexavalent chromium are observed at
monitoring wells associated with the former Xerox Corporation Facility in Pomona Basin and
in wells downgradient of the contamination site. At all other wells in the Six Basins not
associated with the former Xerox Corporation Facility monitoring, or downgradient of the site,
maximum detected hexavalent chromium concentrations range from 0.5 to 4.5 pg/L, with an
average of 2.1 pg/L, and a median of 1.5 pg/L.

At present, hexavalent chromium sampling is not required by DDW. The last required sampling
event was for State UCMR program in 2001—at that time the reporting limit was 1.0 ug/L—
50 times higher than the PHG. More than half of the municipal production wells in the Six
Basins were not sampled for hexavalent chromium between 2007 and 2011. In May 2012, the
EPA released Unregulated Contaminant Monitoring Rule 3 (UCMR 3), which requires sampling
for hexavalent chromium between 2013 to 2015 using an analytical method with a detection
limit equal to the PHG of 0.02 pg/L. The results of this monitoring will help understand the
occurrence of hexavalent chromium in drinking water at low levels and aid in the DDW'’s
determination of an enforceable regulatory limit. As shown in Figure 2-41, sample results from
wells analyzed at low detection limits indicate that an MCL at or near the PHG of 0.02 pg/L will
severely limit the ability of municipal agencies to serve groundwater without treatment to
reduce hexavalent chromium concentrations.

2.6.3.7 1,2,3-TCP

1,2,3-TCP has a California State NL of 0.005 pg/L. 1,2,3-TCP was used historically as a solvent,
an extractive agent, a paint remover, a cleaning and degreasing agent, and in the manufacturing
of soil fumigants. In 1999, the DDW established the drinking water NL as concerns over its
carcinogenicity grew. In 2001, 1,2,3-TCP was included on the California State UCMR list (Title
22 of the CCR, §66450) to be sampled from 2001 to 2003. The adoption of the UCMR list
occurred before there was an analytical method capable of achieving a DLR of 0.005 pg/L
equivalent to the California NL. Accordingly, sample results of non-detect with a DLR higher
than 0.005 pg/L do not help to assess the occurrence of 1,2,3-TCP in groundwater at levels
equal to the NL and do not provide the DDW with the adequate information for setting a
regulatory standard. Thus, the DDW requested that utilities where samples were previously
analyzed for 1,2,3-TCP using a DLR of 0.01 pg/L or higher, perform follow-up sampling using
the DLR of 0.005 pg/L. The DDW is currently developing an MCL for 1,2,3-TCP.

In May 2012, the EPA released UCMR 3, which requires sampling of 1,2,3-TCP nationally
between 2013 and 2015. However, this Federal program does not specify the low-detection
limit analytical method. As of 2011, the majority of the private and public wells in the Six Basins
have not been sampled for 1,2,3-TCP using the lower detection limit of 0.005 pg/L and so the
potential impact of the forthcoming MCL on the Six Basins cannot be characterized at this time.

2.6.4 Point-Source Contamination in the Six Basins

Using HydroDaVE Explorer, the State Board’s GeoTracker and EnviroStor databases were
queried interactively to determine if there are any remediation sites with open cases for
monitoring and cleanup of groundwater within the Six Basins. Sites listed on GeoTracker or
EnviroStor that contained no information about the contamination source, constituent, or
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contaminated media were not investigated for this report. The sites identified as limited to soil
contamination were not investigated for this report.

Three point-source contaminant sites were identified on GeoTracker within the Six Basins as
potentially impacting drinking water resources: the former Victor Graphics Facility, the former
United Production Services Inc. Facility, and the former Xerox Corporation Facility. Figure 2-
34 shows the general location of these three point-source contamination sites.

2.6.4.1 Victor Graphics

The former Victor Graphics Facility is a 1.49 acre site located on 1330 Arrow Highway in La
Verne, California. The site is owned by the Tamkin Family Trust (Tamkin), which leased the
property to Victor Graphics from 1973 to 1993 for the manufacturing of rubber stamps. Victor
Graphics documented the use and storage of PCE, TCE, and other solvents at the facility. In
1977 a PCE spill was reported to the County of Los Angeles to have occurred near the
southwestern corner of the property (RWQCB, 2012a). At the request of the RWQCB initial site
investigations began in 2001 with soil and groundwater sampling, and included the installation
of four on-site monitoring wells (Gaston, 2001). PCE was detected in soils samples at
concentrations ranging from 7 to 690 micrograms per kilogram (pg/kg) and in 2 of the 4
monitoring wells at 42 and 110 pg/L. During subsequent sampling in 2002, PCE was detected
in the two monitoring wells at 17 and 330 pg/L (Gaston, 2002). However, since 2002 the
RWQCB has not required further sampling at these four monitoring wells. In 2010,
groundwater sampling was conducted during a site investigation for the neighboring Former
United Production Services Facility. Two additional monitoring wells were constructed on the
Victor Graphics property slightly downgradient of the other four monitoring wells (Langan,
2011). Samples collected from these two new wells had PCE concentrations of 500 and 9,100
ug/L, and TCE concentrations of 23 and 420 pg/L. Other VOCs detected above California PMCLs
were cis-1,2-dichloroethene (cis-1,2-DCE) at 110 pg/L and vinyl chloride at 17 pg/L.

Figure 2-38 and Figure 2-39 display the areal distribution of the maximum TCE and PCE
concentrations, respectively, from 2007 to 2011 at wells in the Six Basins. Additionally, Figure
2-42 is a map of the former Victor Graphics site and the adjacent former United Production
Services cleanup site, and shows the maximum concentration of PCE in monitoring wells from
2007 to 2011 and the extent of the PCE plume as delineated during a groundwater
contamination investigation at the neighboring, former United Production Services cleanup
site (Langan, 2011). During this period, the maximum TCE and PCE concentrations found at
onsite wells at the former Victor Graphics Facility were 420 pg/L and 9100 pg/L, respectively.
Sampling has not occurred at 4 of the 6 on-site monitoring wells since 2002, and there has been
no investigation as to the extent of the contaminant plume associated with the former Victor
Graphics facility by the property owners.

On April 11, 2011 the Los Angeles RWQCB issued a Requirement for Technical Reports to
Tamkin and Inmark-Victor Rubber Stamp Co. (Victor), requesting a Phase I Environmental
Assessment Report (EAR), a monitoring work plan, and groundwater sampling (RWQCB,
2011a). One month later, St Paul Stamps Works, Inc. (St Paul), the parent company of Victor,
petitioned the request and provided documentation that it did not acquire any of Victor’s
environmental liabilities. The RWQCB approved this petition from St Paul (RWQCB, 2011b),
and Tamkin submitted a Phase [ EAR to the RWQCB in July 2011 (CDM, 2011).

A Cleanup and Abatement Order (CAO) was issued by the RWQCB on October 2, 2012 to
Tamkin (RWQCB, 2012a) as the sole Potentially Responsible Party (PRP). Tamkin is preparing
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a Remedial Action Plan (RAP) for cleanup and a monitoring work plan, which would include
quarterly monitoring. The CAO states that the first monitoring report is due July 15, 2013.

2.6.4.2 United Production Services/Former Occidental Research Corporation

The Former United Production Services site is a 3.23 acre site located at 1855 Carrion Road in
the City of La Verne, currently owned by the University of La Verne. From 1966 to 1979, the
Occidental Research Corporation (ORC) used the property for the research and development
of various chemicals and synthetic fuels, coal gasification, municipal waste incineration,
fertilizer processing, and mineral processing. Laboratory and processed waste were stored
and disposed of at the facility. Storage and disposal practices included drains into the soil,
evaporation ponds, septic tanks with seepage pits, underground storage tanks, and above
ground tanks and drums. Records show that PCE and TCE were purchased and used on site
during the ORC operations (Langan, 2011; RWQCB, 2012b).

The first site investigation conducted from 1979 to 1980 confirmed that wastes were
discharged to soil and groundwater beneath the site and that TCE and PCE were detected in
groundwater (James M. Montgomery, 1981). During this study TCE was detected in 14 out of
the 15 monitoring wells at concentrations ranging from 0.2 to 120 pg/L, and PCE was detected
in 6 of the 15 monitoring wells at concentrations ranging from 0.2 to 1.7 ug/L. In subsequent
studies required by the RWQCB from 1990 to 2002, 9 additional monitoring wells were
constructed and the concentrations of PCE, TCE, and other VOCs found in groundwater overall
increased (Remedial Engineering, 1990; CET, 1995; The Source Group, 2002). Maximum TCE
concentrations ranged from 140 to 206 pg/L, and maximum PCE concentrations ranged from
8,500 to 9,700 pg/L. At this time, the extent of the contaminant plume was not characterized.

In a November 10, 2008 letter, the Regional Board notified Glenn Springs Holding Inc.,, an
affiliate of ORC, that it would reopen the case and require additional site assessment. In
October 2009, a Site Investigation Work Plan was approved by the RWQCB (Langan, 2009;
RWQCB 2009). The most recent investigation was conducted in 2010 pursuant to the approved
Work Plan (Langan, 2011). The contaminant plume is predominantly characterized by
elevated concentrations of PCE. TCE, 1,1-DCE, cis-1,2-DCE, and vinyl chloride were also found
at concentrations above the California PMCL. Groundwater monitoring during the 2010
investigation found the following maximum concentrations at onsite wells: PCE of 6,700 pg/L,
TCE of 53 pg/L, 1,1-DCE of 25 pg/L, cis-1,2 DCE of 290 pg/L, and vinyl chloride of 6.2 pg/L.
Sampling has not occurred at the onsite monitoring wells since 2010.

Figure 2-38 and Figure 2-39 display the areal distribution of maximum concentrations of TCE
and PCE, respectively, from 2007 to 2011 at wells in the Six Basins. Additionally, Figure 2-42
is a map of the former United Production Services site and the adjacent former Victor Graphics
cleanup site, and shows the maximum concentration of PCE in monitoring wells from 2007 to
2011. During this period, the maximum concentration of TCE and PCE found at onsite
monitoring wells at the Former United Production Services site was 110 pg/L, and 6,100 pg/L.
Figure 2-42 shows the extent of the PCE plume as delineated during the most recent
investigation (Langan, 2011). As discussed previously, this investigation included the
construction and sampling of two monitoring wells at the neighboring, upgradient, former
Victor Graphics site.

A CAO was issued to Glenn Springs Holding Inc. on October 2,2012 (RWQCB, 2012b) to prepare
a RAP for cleanup and a monitoring work plan, which includes the implementation of a
quarterly monitoring program. The CAO states that the first monitoring report is due by July
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15, 2013. The adjacent, upgradient Former Victor Graphics Facility is believed to be a
contributor to the PCE plume at United Production Services site, and has been issued a separate
CAO (RWQCB, 2012a).

2.6.4.3 Xerox

The former Xerox Corporation Facility Site is a 10-acre site located on 800 East Bonita Avenue
in Pomona, California. From 1971 to 1990, the former Xerox Corporation Facility was located
at this site and produced printed wire boards and associated electronic components, the
production of which included the use of organic solvents, acids (hydrofluoric, fluoroboric,
nitric, and hydrochloric), inorganic solutions containing heavy metals (chromium, copper, lead,
and nickel), and mineral salts. From 1971 to 1984, liquid storage at the Xerox Site consisted of
10 USTs located adjacent to Towne Avenue. From 1981 through 1986, Xerox removed the
USTs. During UST removal and thereafter, it was determined that some of the tanks had leaked
and contaminated soil and groundwater beneath the site. Elevated levels of 1,1,1-TCA, 1,1-DCE
(a degradation by-product of 1,1,1-TCA), and hexavalent chromium were found in
groundwater (James M. Montgomery, 1985). Upon submittal of the UST summary reports in
1986, the RWQCB directed Xerox to perform further soil and groundwater investigations.
These further investigations in 1986 confirmed the presence of 1,1,1-TCA, 1,1-DCE, and
hexavalent chromium at significant concentrations (James M. Montgomery, 1986a; 1986b).
The maximum concentrations of 1,1,1-TCA, 1,1-DCE, and hexavalent chromium found in
groundwater on-site during these initial sampling events were 13,000 pg/L, 2,800 pg/L, and
260 ug/L, respectfully (Haley and Aldrich, 2007). These investigations also determined that
the contaminant plume had migrated off-site. In 1987, on-site groundwater remediation
began, which consisted of groundwater extraction and granular activated carbon treatment.

On July 18, 1991, a CAO was issued by the RWQCB (RWQCB, 1991) which directed Xerox to:
continue groundwater monitoring and remediation onsite; continue monitoring groundwater
contamination off-site; and install and initiate operations of a well-head treatment system for
off-site contamination affecting the City of Pomona’s well P-3 located 1.3 miles southwest of
the site. In 1994, Xerox expanded on-site remediation to include ten extraction wells located
in the so-called perched zone and upper and lower aquifers. The on-site treatment system was
deactivated in September 2004 and continued monitoring by Xerox demonstrated no rebound
in contaminant levels. The RWQCB granted regulatory closure of the on-site remediation case
in March 2008 after requirements of the CAO related to on-site contamination were satisfied.
Xerox continues to monitor a group of on-site wells.

The CAO remains in effect for off-site contamination monitoring. Off-site groundwater
monitoring began in 1987 and showed elevated levels of contaminants downgradient of the
site to the southwest towards the City of Pomona’s well P-3. Continued off-site monitoring from
1987 to 2006 showed levels of 1,1,1-TCA, 1,1-DCE, and hexavalent chromium steadily
increasing. During this time, maximum concentrations found at off-site monitoring wells were
150 pg/L for 1,1,1-TCA, 2,200 pg/L for 1,1-DCE, and 500 pg/L for hexavalent chromium.
However, since 2006 contaminant concentrations at the off-site monitoring wells have steadily
decreased but are still well above their respective PMCLs. Figure 2-40 and Figure 2-41 display
the areal distribution of the maximum concentrations of 1,1-DCE and hexavalent chromium at
wells in the Six Basins from 2007 to 2011. During this period, the maximum concentration of
1,1-DCE and hexavalent chromium found at Xerox on-site monitoring wells site were 180 pg/L
and 200 pg/L, and the maximum concentration of 1,1-DCE and hexavalent chromium found at
Xerox off-site monitoring wells were 1,500 pg/L and 350 ug/L. At the City of Pomona well P-
3, the maximum concentrations of 1,1-DCE and hexavalent chromium were 5.6 pg/L and 4.5
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pg/L. High concentrations of 1,1-DCE and hexavalent chromium are also found at City of
Pomona wells P-32B, P-08(old), P-08B, and P-07 to the southwest of the Xerox site. At these
wells, from 2007 to 2011, the maximum concentration of 1,1-DCE ranged from 43 to 56 pg/L,
and the maximum concentration of hexavalent chromium ranged from 8.3 to 17 pg/L.

In 2011, Xerox stated that the lateral transport of contaminants offsite is downgradient
(southwest), in the more “permeable upper zone” of the aquifer, and only along the north side
of the Intermediate Fault towards well P-3 (Haley and Aldrich, 2011). Furthermore, Xerox
reports that the off-site plumes of 1,1-DCE and hexavalent chromium are stable and confined
to the “shallow” and “upper zones” of the aquifer system, and are attenuating by dilution with
higher-quality native water recharge and degradation processes. Xerox is not currently
operating an offsite remediation program, but continues to monitor groundwater (i) on-site to
evaluate the effectiveness of past clean-up efforts and (ii) off-site to monitor the natural
attenuation of the 1,1-DCE and hexavalent chromium plumes.

Figure 2-43 is a location map of the former Xerox Corporation Facility site and the off-site
monitoring area, and includes the approximate location of the Intermediate Fault, and 1,1-DCE
plume as delineated in 2011 by Haley and Aldrich. The following is a summary of Xerox’s
current understanding of groundwater flow and contaminant transport in the area
downgradient of the facility as described in the 2011 Groundwater Site Conceptual Model
Report—Former Xerox Corporation Facility (Haley and Aldrich, 2011):

e Page 5: “The Intermediate Fault trends northeast to southwest, passing through the
southeast corner of the Site...the Intermediate Fault creates a hydraulic barrier that
results in groundwater elevations of between 50 to 100 feet higher on the southeast
side of the fault (Xerox monitoring wells MW-3, MW-18G, and MW-17B), compared
with the northwest side (Xerox monitoring wells MW-4 and MW-14B)”

e Page 5: “The Intermediate Fault is an important feature to the Site, as it restricts
groundwater flow to the south and east, forcing groundwater in the vicinity of the Site
to flow southwest to west”

e Page 5: “The Intermediate Fault may become less of a hydraulic barrier to the
southwest, resulting in groundwater flow from the southeast side of the fault into the
main basin to the northeast, or from the northwest to southeast, depending on recharge
and pumping dynamics.”

o Page 8: “The fact that COPC [chemicals of potential concern] were detected in City [of
Pomona] wells P-7 and P-8B, which is across the Intermediate Fault from the Site, and
that the Site is outside the capture zone of P-8B, indicates that there are other sources
of 1,1-DCE and [hexavalent chromium] CrVI in the vicinity of P-7 and P-8B...and it
indicates that additional sources of 1,1-DCE and CrVI are present in the same aquifer
screened by City well P-3 and could be captured by City well P-3 from the south and
east”

e Page 8: “City [of Pomona] well P-3 is the downgradient groundwater supply well in
relation to the Site; however as previously described (Haley & Aldrich, 2007), it
appears that there [are] other sources of 1,1-DCE and CRVI closer to City [of Pomona]
well P-3 that may be impacting groundwater in City well P3.”

In short, Xerox concludes that the offsite groundwater contamination is a stable and

attenuating plume that is spatially confined to shallow portions of the aquifer and only to the
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north of their delineation of the Intermediate Fault. Xerox also concludes that well P-3 is the
only well owned by the City of Pomona that has been impacted by the offsite contamination,
and that other sources may be responsible for the contamination at P-3 and other wells owned
by the City (P-7, P-8B, and P-32B). Xerox contends that no additional offsite monitoring wells
or remediation is necessary, and that monitored natural attenuation should be investigated as
the final groundwater remedy.

Based on the review of available data and the hydrogeologic characterization presented in this
report, Xerox’s conclusions are not fully supported. Observations and interpretations that
challenge the conclusions of Xerox are described below:

e The Intermediate Fault is not located as mapped by Xerox (Haley & Aldrich, 2011).
Xerox used a limited amount of data from monitoring wells to map the fault. Many of
the monitoring wells used to map the fault have been destroyed. In this report, the
Intermediate Fault is mapped further to the south based on InSAR data (see Figure 2-
12), which would render it ineffective as a barrier to groundwater flow between the
Xerox Site and City of Pomona’s well field that is contaminated with 1,1-DCE and
hexavalent chromium.

e Regardless of the location of the Intermediate Fault, faults that act as groundwater
barriers are typically less effective barriers within the shallow, more recent aquifer
sediments. Since the early 1990s, groundwater levels have been relatively high within
the Pomona Basin (see Figure 2-28c), which may have reduced the effectiveness of the
Intermediate Fault as a groundwater barrier.

e Pumping at the City of Pomona’s wells P-3, P-7, P-8B, and P-32B establishes a hydraulic
gradient from the Xerox Site to the wells. Xerox contends that groundwater flows
southeast from the Xerox Site toward P-3 where the hydraulic gradient becomes
relatively flat, and that in this southern portion of the Pomona Basin, pumping controls
the direction of groundwater flow. Xerox also contends that the Intermediate Fault is
not an effective barrier in the portion of the Pomona Basin. Pomona’s wells located to
the east of P-3 (P-7, P-8B, and P-32B) pump from deep, confined aquifers and cause
over 100 feet of drawdown at the wells, which can cause groundwater in the vicinity of
P-3 (and the dissolved contaminants) to flow eastward and downward to the well
screens of P-7, P-8B, and P-32B.

While claims by Xerox of other sources of groundwater contaminants may be true, and while
such claims should be investigated to identify other potential responsible parties, it is
premature to absolve Xerox of the widespread groundwater contamination of 1,1-DCE and
hexavalent chromium in the southern Pomona Basin.

2.6.5 Summary of Basin Management Issues

The following is a summary of basin management issues associated with groundwater quality
in the Six Basins:

e From a water-quality standpoint, the recharge of high-quality surface water at the
SASG does not benefit the Live Oak, Ganesha, and portions of the Pomona Basin.

e TDS and nitrate concentrations at wells in the Pomona Basin, Live Oak Basin, and
Ganesha Basin suggest that there is no assimilative capacity for TDS or nitrate. A finding
of no assimilative capacity could restrict the reuse and/or recharge of recycled water
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in the Six Basins. The State Board is requiring the development and implementation of
SNMPs for all groundwater basins in the state. The Watermaster should develop the
SNMP for the Six Basins as part of the Strategic Plan so that salt and nutrient
management dovetails with the Parties’ goals for enhanced water supply.

e In the Lower Claremont Heights, Live Oak, Ganesha, and Pomona Basins, nitrate and
perchlorate concentrations in groundwater exceed federal and state drinking-water
standards. Treatment is required to put the groundwater to beneficial use, which has
limited groundwater production in these basins.

e In parts of the Pomona Basin, concentrations of TCE and 1,1-DCE in groundwater
exceed federal and state drinking-water standards. Treatment is required to put the
groundwater to beneficial use, which has limited groundwater production in this basin.
The source(s) of TCE in some areas of the Pomona Basin have not been identified.

e In the southern Pomona Basin, high concentrations of hexavalent chromium in
groundwater require treatment to put the water to beneficial use, which has limited
groundwater production in the basin.

e The extent of TCE contamination in the Ganesha Basin from the Former Victor Graphics
and Former United Production Services/Former Occidental Research Corporation has
not been full characterized.

e Ifthe DDW adopts an MCL for hexavalent chromium at or near the PHG of 0.02 pg/L,
the pumpers could be forced to treat groundwater, even at naturally-occurring
concentrations of 8 to 9 pg/L.

e There is insufficient data on the presence of 1,2,3-TCP in the Six Basins to determine
the potential impact to the Parties if DDW adopts an MCL standard.

e Based on the review of available data and the hydrogeologic characterization
presented in this report, Xerox’s conclusions that (1) offsite groundwater
contamination from 1,1-DCE and hexavalent chromium originating from the Xerox
Facility is a stable and attenuating plume that is spatially confined to shallow portions
of the Pomona Basin aquifer to the north of their delineation of the Intermediate Fault
and (2) the City of Pomona’s well P-3 is the only municipal well that has been impacted
by the offsite contamination, are not fully supported. While claims by Xerox that there
must be other sources of groundwater contamination may be true, such claims should
be investigated to identify the other sources as responsible parties. It is premature to
absolve Xerox of the widespread groundwater contamination of 1,1-DCE and
hexavalent chromium in the southern Pomona Basin.

2.7 Land Subsidence and Rebound

Vertical ground motion, in the form of subsidence and rebound of the land surface, occurs in
all groundwater basins as groundwater levels change within the underlying aquifer system.
This process has occurred in the Six Basins, as well as in the adjacent groundwater basins such
as the Chino Basin. It is important to understand and monitor this process because land
subsidence can cause damage to vulnerable infrastructure at the surface. This section
describes the physical process of land subsidence and rebound. It also describes (i) how
ground motion has been monitored in the Six Basins and the Chino Basin, (ii) how ground
motion has occurred over time, (iii) why it occurred, and (iv) what effect its occurrence had on
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the ground surface. This understanding will aid in the development of basin management
programs to monitor for and mitigate land subsidence, if necessary. This section concludes
with a description of the major issues for basin management that are associated with land
subsidence.

2.7.1 Background

Land subsidence and rebound is the vertical motion of the Earth’s surface due to the
rearrangement of subsurface Earth materials. In some instances, land subsidence is
accompanied by adverse impacts at the land surface, such as sinkholes, ground fissures,
modified drainage patterns, and others. In populated regions, these subsidence-related
impacts can result in severe damage to man-made infrastructure and costly remediation
measures.

Over 80 percent of all documented cases of land subsidence in the United States have been
caused by groundwater extractions from the underlying aquifer system (USGS, 1999).
Subsidence due to groundwater extraction is especially well-documented in the arid
southwestern United States, where the aquifer systems are typically composed of
unconsolidated sediments that are susceptible to permanent compaction when groundwater
is extracted. Some infamous examples include the San Joaquin, Antelope, and Santa Clara
Valleys in California; the Las Vegas Valley in Nevada; the Houston-Galveston area in Texas; and
several basins in Arizona. In many of these regions, ground fissuring occurred in areas of
differential subsidence (i.e., where rates and accumulated magnitudes of subsidence vary over
short horizontal distances).

Although drawdown of water levels is the driving force that causes land subsidence due to
groundwater pumping, the geology of a groundwater basin also plays an important role in this
process. Clay layers within the aquifer-system are relatively compressible materials.
Therefore, aquifer-systems that contain thick and/or numerous clay layers are most
susceptible to land subsidence or rebound when groundwater is extracted or recharged. In
addition, faults that act as groundwater barriers can focus drawdown in the aquifer-system
when pumping wells are located near these faults. When pumping and drawdown are
concentrated on one side of a fault barrier, then differential land subsidence and ground
fissuring can result.

The process that describes pumping-induced land subsidence is termed the “aquitard-drainage
model.” This model has been successfully applied to numerous cases of land subsidence world-
wide. It has been incorporated into the industry-standard computer models of groundwater
flow and is increasingly recognized as critical to the understanding of the geology, the
hydraulics, and the mechanics of the aquifer system. A brief summary of the aquitard-drainage
model is below:

Simply stated, an aquifer system consists of permeable sand and gravel layers
interbedded with less-permeable silt and clay layers. The sand and gravel
layers are the “aquifers” and groundwater flows through the aquifers toward
pumping wells. The silt and clay layers are the “aquitards.” Pumping wells
cause water-level drawdown in the aquifers which, in turn, cause the
aquitards to slowly drain into the aquifers. The draining allows aquitard pore
pressures to decay toward equilibrium with the reduced heads in the adjacent
aquifers. Since the pressure of the pore water provides some internal support
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for the sedimentary structure of the aquitards, this loss of internal support
causes the aquitards to compress, resulting in subsidence at the land surface.
When the pumping wells turn off, and water levels recover in the aquifers,
groundwater migrates back into the aquitards and they expand, resulting in
rebound at the land surface. Over a limited range of seasonal water-level
fluctuations this process can occur in a purely elastic fashion. That is, a
recovery of water levels to their original values causes the land surface to
rebound to its original elevation. However, when drawdown falls below a
certain “threshold” level, elastic compression transitions to a non-recoverable
inelastic compaction of the aquitards, resulting in permanent land
subsidence. The “threshold” water level, referred to as the “preconsolidation
stress,” is taken to be the maximum past stress to which the sedimentary
structure had previously equilibrated under the gradually increasing load of
accumulating sediments.

Drawdowns exceeding a previous threshold water level result in an increase
in the value of maximum past stress, and thus the establishment of a deeper
threshold, accompanied by an increment of inelastic aquitard compaction.
Concomitantly, the compaction results in the one-time mining of groundwater
from the aquitards. The benefits of this process include not only the obvious
economic value of the water produced but also the often overlooked fact that,
by establishing deeper thresholds, it increases the volume of confined
groundwater storage available for cyclical drawdown and replenishment
under strictly elastic conditions. The cost, of course, is the resulting
deformation of the land surface and its impact on vulnerable infrastructure.

This hydro-mechanical process within the aquifer system, and the resultant deformation of the
ground surface, has been well documented in the Chino Basin where ground fissures damaged
overlying infrastructure in the City of Chino in the early 1990s (WEI, 2006). The Chino Basin
Watermaster conducted extensive studies of the process, and based on those studies,
developed a management plan to minimize or abate the occurrence of subsidence and ground
fissuring.

2.7.2 Ground-Motion Monitoring

Part of the Chino Basin Watermaster’s management plan for land subsidence is to conduct
ongoing monitoring of ground motion by InSAR, which is a method that utilizes radar imagery
from an Earth-orbiting satellite to map ground motion over time. The InSAR data collected and
utilized in the subsidence studies in Chino Basin cover the Six Basins area as well. Currently,
the Chino Basin Watermaster’s efforts to monitor for ground motion by InSAR are the only
coordinated efforts to monitor ground motion on a regional scale. The Chino Basin
Watermaster determines the scope of its monitoring efforts annually.

2.7.3 Land Subsidence and Rebound in the Six Basins

This section of the report describes the history of land subsidence and rebound in the Six
Basins as measured by InSAR for most of the period from 1993-2012—the only readily
available data in this area to characterize historical ground motion. This section also describes
the hydrologic and geologic factors that appear to control land subsidence and rebound in the
Six Basins, and identifies areas in the Six Basins where ground fissuring is a potential threat to
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overlying infrastructure. This understanding will aid in the development of basin management
programs to minimize the threat of permanent land subsidence and ground fissuring in the
future.

The following figures display the InSAR data that summarize the history of land subsidence
and rebound in the Six Basins from 1993-2012:

o Figure 2-44a for the period October 1993 to December 1995.
e Figure 2-44b for the period January 1996 to February 2000.
e Figure 2-44c for the period June 2005 to September 2010.
o Figure 2-44d for the period March 2011 to February 2012.

e In all of these figures, the maximum ground motion as subsidence and/or rebound
occurs in the eastern portion of the Upper Claremont Heights Basin and in the central
and southern portions of the Pomona Basin. This is because (i) the aquifer system is
relatively thick underlying these areas, (ii) the aquifer system in these areas contain a
greater number and aggregate thickness of aquitards, and (iii) groundwater levels
significantly increased or decreased within the aquifer system during the periods.
These interpretations were based on comparison of the InSAR maps on the figures
listed above with (i) the thickness of the water bearing sediments as displayed on
Figure 2-9, (ii) the borehole lithology descriptions as shown on the hydrogeologic cross
sections on Figures 2-11a, 2-11b, 2-11c, and 2-11d, and (iii) the time-series charts of
groundwater-levels at wells as shown on Figures 2-28a, 2-28b, 2-28c, and 2-28d.

Over the entire period of the InSAR data from 1993-2012, there does not appear to be any areas
within the Six Basins where permanent land subsidence has occurred. The likely reason for no
observed permanent subsidence is related to the fact that groundwater levels were higher
during 1993-2012 compared to historical low groundwater levels that occurred in the 1960s.
In other words, groundwater levels during 1993-2012 never fell below the “threshold” level
where elastic deformation of the aquitards would transition to inelastic compaction and
permanent land subsidence. This last statement is clearly supported by the time-series charts
of groundwater-levels on Figures 2-28a, 2-28b, 2-28c, and 2-28d.

There is one area where differential subsidence has continuously occurred from 1993-2012—
along the southern extent of the San Jose Fault that separates the Pomona Basin from the Chino
Basin. In the Pomona Basin, ground motion from 1993-2012 has been elastic subsidence and
rebound of atleast 1-2 inches in response to changes in groundwater levels. In the Chino Basin,
ground motion from 1993-2012 has been persistent subsidence of about one foot during 1993-
2012. The consulting engineer for the Chino Basin Watermaster has speculated that the
persistent subsidence in the Chino Basin is due to delayed drainage of deep aquitards
underlying this area in response to long-term historical drawdown (WEI, 2011). The result
has been differential subsidence along the San Jose Fault of at least one foot from 1993-2012.
Additional differential subsidence may have occurred prior to 1993, but ground motion data
are scarce prior to 1993. This area of differential subsidence has not been inspected closely
for evidence of sinkholes or ground fissures, and none have been reported or documented.

18 The time gap in the InSAR data from February 2000 to June 2005 is because there was no functioning
radar satellite collecting InSAR data that was available to the Chino Basin Watermaster.
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That said, this is an area of potential ground fissuring in the future—especially because the
subsidence in the Chino Basin is continuing and likely permanent.

2.7.4 Summary of Basin Management Issues

The following is a summary of the major issues for basin management that are associated with
ground motion in the Six Basins:

o Differential land subsidence of at least one foot has occurred along the San Jose Fault
from 1993-2012. This area of differential subsidence has not been inspected closely
for evidence of sinkholes or ground fissures, and none have been reported or
documented. That said, this is an area of potential ground fissuring in the future—
especially because the subsidence in the Chino Basin is continuing and likely
permanent.

e Currently, the Chino Basin Watermaster’s efforts to monitor for ground motion by
InSAR are the only coordinated efforts to monitor ground motion on a regional scale.
The Chino Basin Watermaster determines the scope of its monitoring efforts annually.
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Table 2-1
Active Daily-Precipitation Gages in the Six Basins with Complete Records

Annual Precipitation

Period of Record — -
. Surface Minimum Maximum
Station

. Owner/Operator Elevation Median | Average
Station ID Length of g
( ) (ft-amsl) Record Value Year Value Year (inches) | (inches)

(years) (inches) | Observed | (inches) | Observed

'(‘fg\é'if'ée) Fire Station ';lc’;ogrg;']‘ff’olcgg?;{t 1050 1924 -present 88 451 2002 | 4304 1978 1551  17.96
ggf_rg)om Police Station ';lc’;oﬁrg;']‘ffofgg?;{t 1170 | 1928 - present 84 4.80 2007 42.61 1978 1572 17.85
ag;‘;mom'S'a“ghter IIEIC);o,d/_\rgoelqufoI(:Sii?rti}(/:t 1350 | 1939 - present 73 5.60 2007 46.45 2005 1632 19.15
San Antonio Dam U.S. Army Corps 2120 1956 - present 56 5.63 2007 53.53 2005 18.26 2351
(1115) of Engineers

Table 2-1 - Table 2-1 E 3 WEI
5/6/2014



Water Year

1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

Total

Outflow from

San Antonio Dam

(acre-ft)

17
13,774
12,460

161
67,891
2,086
100
247
6,900
334

8

595
1,175
64,540
4,914
30,224
273
9,866
49,719
14,194
2,134
10,522
24
2,855
298

0
7,363
19,630
59,328

67

32,060
4,206
2,383

22,315

0

0
46
0

0
553

52,540

9,355
0
2,556
0
8,253
24,560

552,015

Table 2-2
Surface Water Diversions by the PVPA
to the San Antonio Spreading Grounds
1961-2011

Diversions
Reported by PVPA

(acre-ft)

13,056
10,727
549
22,960
365

26

45
6,725
330

27

153
273
30,152
2,686
23,125
39
7,538
33,370
2,449
229
6,521
13
1,500
243

1

482
14,416
26,488
11
26,052
4,241
1,187
24,227

0

0

0

129
31,362
5,804
0

577

0
1,260
7,306

309,166

Water Lost to
San Antonio Channel

(acre-ft)

424
21,179
3,551
0
1,979
0
6,993
17,254

245,203

Table 2-2 --Table 2-2

5/6/2014



Table 2-3a

Summary of Annual Groundwater Production in the Six Basins

Annual Groundwater Production (acre-ft/yr)

(1960-2011)

1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011

1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,500
1,320
1,680
1,861
1,212
779
882
581
164
436
265
590
524
85
904
241
987
240
530
541
1,290
1,884
241
432
958
182
1,061
432
276
64

36

0

523
292

5,750
5,411
5,287
5,247
5,134
5,377
5,360
5,658
5,896
7,029
5,169
4,993
4,504
4,601
5,337
5,052
4,547
4,659
5,008
8,074
9,593
9,236
6,796
8,385

11,001
9,520

10,511

10,762
8,233
9,894
8,376
8,531

10,341

12,530

11,927

13,519

13,284

12,946

13,129

14,103
9,576
8,877
8,357
7,693
7,769

12,739

13,601

11,223
9,043
9,224
9,985

12,050

281
345
848
686
548
462
863
1,619
1,241
1,027
728
1,109
1,405
1,239
1,158
895
573
1,374
1,452
1,492
1,621
1,253
1,435
1,463
1,403
1,398
1,323
1,365
1,323
1,069
923
711
558
737
1,069
1,113
196

=
N

OO OO0 O0OO0OO0OFr OO0 OO

6,232
6,604
6,286
6,415
6,466
6,161
5,781
5,723
5,735
6,560
8,100
6,908
7,607
6,949
6,598
5,967
5,156
5,091
6,024
6,109
6,183
6,533
6,380
6,783
8,077
6,212
7,545
7,568
5,385
6,083
5,349
5,513
6,209
5,629
6,529
7,379
8,320
6,145
5,485
6,187
5,872
5,956
5,081
5,052
5,303
5,891
9,396
9,172
8,157
7,737
6,780
5,377

1,002
988
988
988
988
988
988
988
988
988
988
988
988
988
988
988

1,016
984
662
580
424
533
563
358
538
459
480
262

47
292
335
350
285
406
335
253
213
119
136

3
0
2
141
254

54
221
473
439
620
804
910

1,002

574
574
574
574
574
574
574
574
574
574
574
574
574
574
574
574
574
548
601
525
526
461
560
428
440
451
232
24
70
22
12
28
391
96
21
74
19
16
4
41
152
125

(RS

224
378
594
496
401

15,339
15,359
14,981
15,573
15,348
15,149
14,665
15,307
16,312
17,892
17,358
15,691
16,282
16,017
16,236
15,240
13,688
13,381
14,935
18,495
20,078
19,661
16,232
18,404
22,088
18,198
20,820
20,413
15,644
18,187
15,236
16,234
17,815
20,500
19,864
22,771
23,545
20,714
20,661
20,537
15,922
15,945
13,887
14,065
13,559
19,129
23,536
21,095
18,198
18,883
18,463
18,830

Table 2-3_2-4 -- Table 2-3a
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Annual Groundwater Production (acre-ft/yr)

Table 2-3b

Summary of Annual Groundwater Production in the Six Basins
(1978-2011)

1,374 6,024 662 548

1978 1,320 5,008 14,935
1979 1,680 8,074 1,452 6,109 580 601 18,495
1980 1,861 9,593 1,492 6,183 424 525 20,078
1981 1,212 9,236 1,621 6,533 533 526 19,661
1982 779 6,796 1,253 6,380 563 461 16,232
1983 882 8,385 1,435 6,783 358 560 18,404
1984 581 11,001 1,463 8,077 538 428 22,088
1985 164 9,520 1,403 6,212 459 440 18,198
1986 436 10,511 1,398 7,545 480 451 20,820
1987 265 10,762 1,323 7,568 262 232 20,413
1988 590 8,233 1,365 5,385 47 24 15,644
1989 524 9,894 1,323 6,083 292 70 18,187
1990 85 8,376 1,069 5,349 335 22 15,236
1991 904 8,631 923 5,513 350 12 16,234
1992 241 10,341 711 6,209 285 28 17,815
1993 987 12,530 558 5,629 406 391 20,500
1994 240 11,927 737 6,529 335 96 19,864
1995 530 13,519 1,069 7,379 253 21 22,771
1996 541 13,284 1,113 8,320 213 74 23,545
1997 1,290 12,946 196 6,145 119 19 20,714
1998 1,884 13,129 12 5,485 136 16 20,661
1999 241 14,103 0 6,187 3 4 20,537
2000 432 9,576 0 5,872 0 41 15,922
2001 958 8,877 0 5,956 2 152 15,945
2002 182 8,357 0 5,081 141 125 13,887
2003 1,061 7,693 1 5,052 254 5 14,065
2004 432 7,769 0 5,303 54 1 13,559
2005 276 12,739 0 5,891 221 1 19,129
2006 64 13,601 0 9,396 473 2 23,536
2007 36 11,223 0 9,172 439 224 21,095
2008 0 9,043 0 8,157 620 378 18,198
2009 523 9,224 0 7,737 804 594 18,883
2010 292 9,985 0 6,780 910 496 18,463
2011 0 12,050 0 5,377 1,002 401 18,830
Summary of Production 1978-2011
Minimum 0 5,008 0 5,052 0 1 13,559
Maximum| 1,884 14,103 1,621 9,396 1,002 601 23,545
Average 632 10,172 685 6,512 369 234 18,604
% of Total Average 3% 55% 4% 35% 2% 1%
Summary of Production 1978-1998 (Pre-Adjudication)
Minimum 85 5,008 12 5,349 47 12 14,935
Maximum| 1,884 13,519 1,621 8,320 662 601 23,545
Average 809 10,076 1,109 6,450 363 264 19,071
% of Total Average 4% 53% 6% 34% 2% 1%
Summary of Production 1999-2011 (Post-Adjudication)
Minimum 0 7,693 0 5,052 0 1 13,559
Maximum| 1,061 14,103 1 9,396 1,002 594 23,536
Average 346 10,326 0 6,612 379 187 17,850
% of Total Average 2% 58% 0% 37% 2% 1%

Table 2-3_2-4 --
5/6/2014
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Table 2-4

Groundwater Production in the Four Basins
versus the Operating Safe Yield

1999-2011

OSY for the

Four Basins
(acre-ft)

Production in the
Four Basins
(acre-ft)

1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010

2011

Total
Minimum
Maximum

Average

24,000
22,000
22,000
19,500
18,000
17,000
22,500
18,000
22,000
18,500
17,500
17,500

17,500

256,000
17,000
24,000

19,692

20,531
15,880
15,791
13,621
13,807
13,504
18,906
23,061
20,432
17,200
17,484
17,056

17,427

224,699
13,504
23,061

17,285

Table 2-3_2-4.xIsx -- Table 2-4
12/8/2015
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Table 2-5

Groundwater Storage in the Six Basins

Area or Sub-Basin

Storage (acre-ft)

Four Basins
Canyon Basin
Upper Claremont Heights Basin
Lower Claremont Heights Basin
Sub-Total (north of Indian Hill Fault)
Change from Prior Period

Pomona Basin
Change from Prior Period

Sub-Total for the Four Basins

Change from Prior Period

Two Basins
Live Oak Basin
Ganesha Basin
Sub-Total
Change from Prior Period

Total for the Six Basins
Change from Prior Period

20,387
110,829
24,350
155,565

268,463

424,028

41,601
3,556
45,157

469,185

42,938
210,695
33,204
286,837
131,272

371,455
102,992

658,292
234,264

48,115
12,952
61,067
15,910

719,360
250,174

26,616
155,250
33,104
214,970
-71,867

413,893
42,438

628,863
-29,429

49,608
18,469
68,077

7,010

696,940
-22,419

24,449
166,641
34,453
225,542
10,573

383,810
-30,083

609,352
-19,511

49,554
17,008
66,561
-1,516

675,913
-21,027

Table 2-5 Groundwater Storage -- Table_2-5 report
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Table 2-6
Developed Yield from the Six Basins
1966-2011

Average

Groundwater Annual Supplemental Storage Developed
Production . Recharge Change Yield
Production
ocre s
Four Basins
1966-1983 18 156,574 8,699 131,272 15,991
Canyon 1984-1999 16 202,771 12,673 404 -71,867 8,156
UCH
LCH 1999-2011 12 124,395 10,366 14,467 10,573 10,042
1966-2011 46 483,740 10,516 14,871 69,977 11,714
1966-1983 18 114,186 6,344 102,992 12,065
1984-1999 16 103,617 6,476 42,438 9,128
Pomona
1999-2011 12 79,774 6,648 -30,083 4,141
1966-2011 46 297,577 6,469 115,347 8,977
1966-1983 18 270,760 15,042 0 234,264 28,057
Jf"b';"t“’s 1984-1999 16 306,388 19,149 404 -29,429 17,285
or the
Four Basins  1999-2011 12 204,169 17,014 14,467 -19,511 14,183
1966-2011 46 781,317 16,985 14,871 185,324 20,691
Two Basins
1966-1983 18 15,000 833 6,515 1,195
1984-1999 16 4,512 282 1,493 375
Live Oak
1999-2011 12 4,920 410 1,060 -54 317
1966-2011 46 24,432 531 1,060 7,953 681
1966-1983 18 10,114 562 9,396 1,084
1984-1999 16 2,326 145 5,517 490
Ganesha
1999-2011 12 2,421 202 -1,462 80
1966-2011 46 14,862 323 13,451 615
1966-1983 18 25,114 1,395 15,910 2,279
Sub-Totals 1984 1999 16 6,838 427 7,010 866
for the
Two Basins  1999-2011 12 7,342 612 1,060 -1,516 397
1966-2011 46 39,294 854 1,060 21,404 1,296

Table 2-6 Developed Yield -- Developed Yield E’ = WEI
5/6/2014 W DHESTN EAVIRCAMENIAL B



Table 2-7
Exceedance of Drinking Water Maximum Contaminant Levels

and Notification Levels in Raw Groundwater from 2007 to 2011

Analyte Standard N;;?nbpﬁgsf E)I?:erggz; ELS U\;Jerl‘?: (\j\llritor:
Exceedances

1,1-Dichloroethene US EPA and California Primary MCL 713 192 21
1,2-Dichloroethane US EPA and California Primary MCL 401 14 4
cis -1,2-Dichloroethene US EPA and California Primary MCL 482 23 9
trans -1,2-Dichloroethene California Primary MCL 478 1 1
1,4-Dioxane California NL 35 3 3
Aluminum US EPA and California Secondary MCL 97 1 1
Antimony US EPA and California Secondary MCL 104 1 1
Arsenic US EPA and California Primary MCL 115 3 3
Benzene US EPA and California Primary MCL 483 13 13
Carbon Tetrachloride California Primary MCL 401 2 2
Chromium US EPA and California Primary MCL 375 42 10
Iron US EPA and California Secondary MCL 97 2
Lead US EPA and California Primary MCL 106
Manganese US EPA and California Secondary MCL 134
Nitrate-Nitrogen US EPA and California Primary MCL 1023 520 22
N-Nitrosodimethylamine California NL 4 1 1
Perchlorate California Primary MCL 714 355 17
Selenium US EPA and California Primary MCL 104 2 2
Styrene US EPA and California Primary MCL 397 2
TDS US EPA and California Secondary MCL 105 17
Tetrachloroethene US EPA and California Primary MCL 609 43 18
Trichloroethene US EPA and California Primary MCL 778 158 17
Turbidity US EPA and California Secondary MCL 256 49 24
Vinyl Chloride US EPA and California Primary MCL 482 13
Zinc US EPA and California Secondary MCL 125 2

Table 2-7 Exceedance StatsGWQExceedanceStatistics (2)
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Watersheds

Santa Ana River

San Gabriel River

San Antonio Creek

Thompson Creek
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LA County Flood Control District
Daily Precipitation Station - Active

LA County Flood Control District
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Rivers and Streams
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Annual Precipitation (in.)

Figure 2-2a
Cumulative Departure from Mean Precipitation -- La Verne Fire Station Precipitation Gage
Water Year 1924-2011
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Annual Precipitation (in.)

Figure 2-2b
Cumulative Departure from Mean Precipitation -- Claremont Police Station Precipitation Gage
Water Year 1928-2011

Cumulative Departure fom Mean Precipitation
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Annual Precipitation (in.)

Figure 2-2c
Cumulative Departure from Mean Precipitation -- Claremont- Slaughter Precipitation Gage

Water Year 1939-2011
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Annual Precipitation (in.)

Figure 2-2d
Cumulative Departure from Mean Precipitation -- San Antonio Dam Precipitation Gage
Water Year 1957-2011
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Precipitation (in.)

20

15

-
o

Figure 2-3a

Box Whisker Plot of Average Monthly Precipitation at the La Verne Fire Station Gage
Water Year 1924-2011
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Figure 2-3b
Box Whisker Plot of Average Monthly Precipitation at the Claremont Police Station Gage
Water Year 1928-2011
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Precipitation (in.)
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Figure 2-3c

Box Whisker Plot of Average Monthly Precipitation at the Claremont-Slaughter Gage
Water Year 1939-2011
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Precipitation (in.)
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Figure 2-3d

Box Whisker Plot of Average Monthly Precipitation at the San Antonio Dam Gage
Water Year 1956-2011
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Figure 2-6a
Surface-Water Runoff Captured and Lost from Live Oak Wash

3,500
Runoff Runoff Runoff Runoff Lost Runoff Captured at LOSG
Available Captured Lost as a % of
at LOSG Total B Runoff Lost to Live Oak Channel
3,000 - (acre-ft) (acre-ft) (acre-ft) Available
1997 350 | 257 ' 93 26%
1998 773 62 : 711 92%
1999 104 I 48 | 56 54%
2500 {f 2000 78 : 0 78 100%
2001 120 | 74 | 46 38%
2002 2 0 : 2 100%
= 2003 49 ' 11 | 38 77%
' 2000 1 004 230 | 0 | 230 100%
s 2005 2023 | a2 | 250 86%
3 2006 814 | 207 517 64%
% 1500 2007 993 | 0 | 993 100%
2 2008 632 : 193 | 439 69%
2009 314 | 164 | 150 48%
2010 352 I 160 : 192 55%
1000 4 2011 781 : 233 | 548 70%
Total 8,514 | 1,920 I 6,594 77%
500 I
= m B
0 . . i — . = . - . . . . . . . .
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Water Year
(October 1 through September 30)
Figure 2-6a Live Oak Loss Analysis -- Chart1 = EI
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Figure 2-6b
Surface Water Runoff Captured and Lost from Thompson Creek

2,000
= Runoff Lost to Thompson Creek Channel Runoff Runoff Runoff Runoff | Runoff Lost
Available [Captured by| Captured Lost as a % of
1,800 1+ Runoff Captured Behind Thompson Creek Dam PVPA Behind Dam Total
(acre-ft) (acre-ft) (acre-ft) (acre-ft) Available
® Runoff Captured by PVPA
2000 26 | 7 0 19 74%
1,600 | o, |
2001 4 | 0 0 4 100%
2002 25 | 0 0 25 100%
1,400 2003 71 | 0 0 71 100% ||
2004 233 | 16 166 51 22%
2005 1,983 : 269 80 1,634 82%
£ 1,200 2006 286 73 213 0 0% |
< 2007 8 | 0 8 0 0%
< 2008 194 | 65 45 83 43%
= 1,000 | |
E 2009 98 | 41 53 3 3%
= 2010 136 | 29 98 9 6%
S 800 2011 490 | 56 355 79 16% |-
|
Total 3,554 | 556 1,019 1,979 56%
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Figure 2-6¢

Surface Water Runoff Captured and Lost from San Antonio Creek

70,000
B Runoff Lost to San Antonio Creek Channel Runoff Runoff Runoff | Runoff R:ngz/l'gft
B Runoff Captured by PVPA Captured py Capt.ured by| Captured Lost Total
San Antonio City of by PVPA Available for
60,000 +— M Runoff Captured by City of Pomona Water Co. Pomona
Capture by
(acre-ft) (acre-ft) (acre-ft) (acre-ft) PVPA
Runoff Captured by San Antonio Water Company
2001 6,422 3,371 0 46 100%
2002 3,367 1,688 0 0 0%
50,000 2003 6,642 3,206 0 0 0%
2004 5,777 2,339 129 424 T1%
2005 13,056 3,637 31,362 21,179 40%
= 2006 10,359 3,552 5,804 3,551 38%
i.) 40,000 2007 4,258 2,350 0 0 0%
& 2008 8,258 3,004 577 1,979 7%
= 2009 6,620 2,776 0 0 0%
E 2010 10,450 3,340 1,260 6,993 85%
T 30,000 2011 11,145 4,265 7,306 | 17,254 70%
o
= Total 86,354 33,526 46,437 51,425 53%
20,000
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o ]
0 T T T T T T T T
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(October 1 - September 30)
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Figure 2-6d
Monthly Surface Water Runoff Discharged and Captured from San Antonio Dam
Water Year 2007 - 2011
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Surface Geology
Unconsolidated Sediments (Source: CGS Special Report 217)
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Qyf . ,
alluvial deposits
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Consolidated Bedrock Formations (Source: CGS Special Report 217)
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Hydrologic Soil Types

- A  Low runoff potential. Soils having high infiltration rates
even when thoroughly wetted and consisting chiefly of

deep, well to excessively drained sands or gravels.

These soils have a high rate of water transmission.

2o Mountains
SanrGabll ol Mouni » . B Soils having moderate infiltration rates when thoroughly
wetted and consisting chiefly of moderately deep to deep,
moderately well to well drained soils with moderately fine
to moderately coarse textures. These soils have a
moderate rate of water transmission.

Soils having slow infiltration rates when thoroughly wetted
and consisting chiefly of soils with a layer that impedes
downward movement of water, or soils with moderately
fine to fine texture. These soils have a slow rate of water
transmission.

- D High runoff potential. Soils having very slow infiltration
rates when thoroughly wetted and consisting chiefly of
clay soils with a high swelling potential, soils with a
permanent high water table, soils with a claypan or clay
layer at or nearthe surface, and shallow soils over nearly
impervious material. These soils have a very slow rate of
water transmission.

Source: Los Angeles County: United States Agriculture Dept
Soils Bureau, 1917
SanBernardino County: National Cooperative Soil Survey
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Geologic Cross Section
(shown in profile on Figures 2-11a, 2-11b and 2-11c¢)
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Figure 2-17
Temporal and Vertical Variability of Groundwater Elevations within the Shallow and Deep Aquifer Systems
Southern Pomona Basin
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Figure 2-18

Temporal and Vertical Variability of TDS and 1,1-DCE in the Shallow and Deep Aquifer Systems
Southern Pomona Basin
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Figure 2-25
Annual Groundwater Production in the Six Basins (1978 - 2011)
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Figure 2-26
Groundwater Production in the Four Basins vs. the Operating Safe Yield
1999-2011
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Figure 2-31
Land Use Change by Type (1949-2005)
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