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Executive Summary

This report satisfies requirements for a study of background chromium conditions in
groundwater near Pacific Gas and Electric Company’s natural gas compressor station in
Hinkley, California.

Process: Forty-eight wells were sampled for total chromium (Cr[T]) and hexavalent
chromium (Cr[VI]), as well as additional geochemical parameters, during four rounds of
groundwater sampling performed in 2006. The analytical results for all wells in the data set
were analyzed for hydrogeochemical similarities, temporal trends, mathematical outliers,
and data set balance to ensure that each sample could be considered representative of the
background area. No samples were eliminated from the background data set. The
background study also included analysis of stable chromium isotopes by the United States
Geological Survey (USGS).

Results: Forty-three of the 48 wells sampled during the study exhibited Cr(T) or Cr(VI)
detections during at least one of the sampling events. The maximum detected Cr(T) value
was 3.15 micrograms per liter (ug/L). The maximum detected Cr(VI) value was 2.69 pg/L.

The individual Cr(T) and Cr(VI) results at each well were averaged to determine a
representative concentration for each well. These averages were used in the statistical
evaluation of the background data set. The maximum likelihood estimate approach was
used to determine the mean and standard deviation for the Cr(T) and Cr(VI) data sets. The
data were evaluated using statistical methods, and both Cr(T) and Cr(VI) data were
determined to be best represented by a normal distribution.

The 95t percent upper tolerance limits (UTLs) calculated using the well average data are
3.23 pg/L for Cr(T), and 3.09 ng/L for Cr(VI).

Using these UTL values and multiplying by the percent uncertainty in the respective
USEPA analytical test methods for Cr(T) and Cr(VI), the recommended background
threshold values are 4.04 pg/L for Cr(T), and 3.55 ng/L for Cr(VI). These values are based
on the 95th percent UTL plus the percent uncertainty (+/- 25 percent and +/- 15 percent,
respectively) introduced by the analytic methods used in Cr(T) and Cr(VI) analysis.

If chromium concentrations above these values are found in the future, a closer examination
of the local geochemical environment would be necessary to determine whether the sample
concentration is natural or anthropogenic in nature. It would be statistically appropriate to
compare the UTL values to well averages for up to four quarters of data.

In addition to Cr(T) and Cr(VI) sampling, the USGS evaluated the chromium isotope ratios
in samples collected in 15 wells. The results of this investigation indicate that chromium
isotope ratios were not useful to delineate the specific chromium degradation pattern within
the plume, or to differentiate anthropogenic versus non-anthropogenic concentrations of
Cr(VI).
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EXECUTIVE SUMMARY

Recommendations: No additional data collection activities are recommended at this time.
However, future evidence may indicate additional analysis is appropriate.
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1.0 Introduction

The purpose of this background study was to estimate the concentration of
naturally-occurring total chromium [Cr(T)] and hexavalent chromium [Cr(VI)] in
groundwater near the Pacific Gas and Electric Company (PG&E) natural gas compressor
station in Hinkley, California (Figure 1-1).

In July 2002, PG&E submitted a technical memorandum titled Scope of the Background
Chromium Study at the PG&E Compressor Station, Hinkley, California to the California Regional
Water Quality Control Board, Lahontan Region (Water Board) (CH2M HILL, 2002). In
November 2003, the Water Board sent the background study proposal to three University of
California professors for review. The results of the three reviews were transmitted to PG&E
in a letter dated March 5, 2004 (Water Board, 2004a). All three reviewers provided
comments and agreed that the planned study was appropriate. These comments were
incorporated into the Revised Background Chromium Study Work Plan, PG&E Compressor
Station, Hinkley, California (work plan) (CH2M HILL, 2004a). This document also
incorporates requirements by the Water Board as specified in their acceptance of the work
plan (Water Board, 2004b).

The results of the first two quarters of background study sampling were summarized in an
interim letter report from PG&E (PG&E, 2006). This report presents all the sampling results
from the Hinkley background study (background study), evaluates these results for
inclusion into the background study data set, and uses this data set to calculate the
background Cr(VI) and Cr(T) concentrations in groundwater in the study area.

1.1 Background Study Process

The process for identifying and evaluating potential background wells and for calculating
background chromium concentrations in groundwater included:

« Selection of potential background wells and initial sampling.
o  Well network expansion and additional sampling.

o Data evaluation.

o Estimation of Cr(T) and Cr(VI) background concentrations.

Selection of Potential Background Wells and Initial Sampling: The first step of the background
study field program included a records search to identify wells for potential inclusion in the
background study. These results were presented to the Water Board in the Well Survey
Report (CH2M HILL, 2005). After an initial site reconnaissance, potential background wells
were presented to the Water Board in a meeting in August 2005. The Water Board requested
the inclusion of additional wells located hydraulically upgradient of the compressor station,
and requested that all selected wells be located in the Hinkley Valley Target Background
Area, shown on Figure 1-2.

BAO\070590002 1-1
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1.0 INTRODUCTION

PG&E performed a second and third site reconnaissance in October and November 2005 to
satisfy Water Board requests. Accessible wells were sampled as part of the first background
study event in January 2006. The second background study event took place in April, 2006.
Analytical results from the first two sampling events were presented to the Water Board in a
letter report dated June 30, 2006 (PG&E, 2006).

Well Network Expansion and Additional Sampling: The work plan (CH2M HILL, 2004a)
specified that discrete depth groundwater samples be collected to determine if small scale-
variations in chromium concentrations occurred at varying depths. The United States
Geological Survey (USGS) previously documented that site-specific concentration values
could be as high as 36 micrograms per liter (ug/L), based on results for discrete depth
samples collected in alluvial deposits weathered from granitic, volcanic, and metamorphic
rock (Ball and Izbicki, 2004). However, it was apparent after the second sampling event for
this study that discrete-depth data could not be collected due to well access limitations. The
work plan assumed that large-diameter agricultural wells would be available for discrete-
depth sampling methods, but the vast majority of these wells contained submerged debris
or had been filled in and abandoned entirely.

To compensate for the lack of discrete-depth-samples, PG&E proposed to expand the
background study well network. This was done to create a larger data set, thereby
providing more information on the natural variation in Cr(T) and Cr(VI) concentrations in
the study area. A door-to-door survey of residents within the study area was conducted in
conjunction with the third background study sampling event to identify supplementary
wells for the background study. An additional 30 wells were identified for inclusion in the
study, and these wells were sampled during the third and fourth sampling events.

Data Evaluation: Data evaluation was conducted consistent with the work plan and
consisted of:

e Areview of geochemical data to evaluate each well’s suitability for inclusion into the
final background data set.

e  Statistical tests to identify potential outliers in the background data set.

Estimation of Background Concentration: Using the final background study data set, a 95th
percent upper tolerance limit (UTL) was calculated for both Cr(T) and Cr(VI) using
procedures specified in the work plan. These UTLs were then multiplied by the percent
uncertainty in the respective USEPA analytical test methods for Cr(T) and Cr(VI) to produce
a recommended background threshold value. These background threshold values were then
compared with other studies of chromium in and around the Mojave Desert.

BAO\070590002 1-4



1.0 INTRODUCTION

1.2 Report Structure

The remainder of this report is organized as follows:

Section 2.0 describes the site setting based on data collected since the 2004 work plan
and includes water budget and wind rose information.

Section 3.0 describes the background study data collection activities and provides a data
quality review.

Section 4.0 summarizes the final validated analytical results. This section also discusses
the results of a chromium isotope study performed by the USGS.

Section 5.0 presents a geochemical and statistical evaluation of the data to determine the
final background data set.

Section 6.0 presents the 95t percent UTLs for Cr(T) and Cr(VI) in the study area,
multiplies those UTLs by the percent uncertainty in the respective USEPA analytical test
methods for Cr(T) and Cr(VI), and places these values in context with other chromium
studies performed in the Mojave Desert.

Section 7.0 provides conclusions of the background study.

Section 8.0 provides references cited in this report.

BAO\070590002 1-5



2.0 Site Setting

This section synthesizes information that has been collected for the Hinkley study area since
the work plan (CH2M HILL, 2004a) was developed in 2004 and provides information on
water budgets and wind rose data as required by the Water Board.

2.1 Physical Features

2.1.1 Surface Features

The Mojave River basin in west-central San Bernardino County is characterized by
approximately north-south trending parallel fault block mountains separated by alluvial
valleys (USGS, 2004). The Mojave River groundwater basin contains unconsolidated alluvial
and floodplain sediments composed of sands, gravels, silts and clays.

The Hinkley Valley is defined as the region within the Mojave River basin located north of
the Mojave River, bounded to the west by Iron Mountain and to the northeast by Mount
General and Waterman Hills. The topography in the valley generally slopes gently to the
north towards Harper Lake (Figure 2-1).

The Target Background Area is also shown on Figure 2-1. This area consists of the Hinkley
Valley bounded by the Mojave River on the south and consolidated rock to the east and
west. It excludes the area within 1,000 feet of the groundwater plume and the entire area
downgradient of the plume.

2.1.2 Land Use

The land use in the Hinkley Valley is shown on Figure 2-1. The central portion of the
Hinkley Valley is private unincorporated land, with Bureau of Land Management (BLM)
lands flanking the valley margin. The predominant land use is Rural Living, typically
separated into 5- to 40-acre plots, with areas of Agricultural and Agricultural Preserve
lands. In addition, significant Resource Conservation areas exist in the western and eastern
portions of the Hinkley Valley, generally on the BLM lands (County of San Bernardino,
2005).

2.1.3 Meteorology/Climatology

The climate of the Mojave River basin is characterized by low precipitation, low humidity,
and high summer temperatures. The typical amount of rainfall is less than 5 inches per year,
and the evaporation rates are near 100 inches per year. Wind Rose diagrams, which indicate
the predominant wind directions, are included in Appendix A. The wind direction is
generally westerly, including west-northwest and west-southwest, with less frequent
southwest directions.

BAO\070590002 241
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2.0 SITE SETTING

The Water Board requested an analysis of potential chromium deposition from past cooling
water tower operations in this report (Water Board, 2004b). As discussed with the Water
Board on February 2, 2005, wind deposition is not a complete pathway for chromium in
groundwater at the Hinkley site because rainfall is not a significant component of
groundwater recharge (USGS, 2001). Irrigated fields may return water to the aquifer;
however, in this process, any Cr(VI) in the water is converted to trivalent chromium
(Cr[I1I]), which precipitates out in soil. This is the same bioremediation process that is used
at the Desert View Dairy Land Treatment Unit (LTU) and that was used at the former East
and Ranch LTUs.

2.2 Hydrogeology

2.2.1 Regional Hydrogeology

The USGS considers the entire Mojave River groundwater basin to be topographically
enclosed. The Mojave River contributes more than 80 percent of the natural groundwater
recharge to the basin, and the groundwater drains toward regional playas (USGS, 2001).
Within the Hinkley Valley, groundwater drains to the north into the Harper Lake Playa.
Figure 2-2 illustrates the generalized regional flow pattern of groundwater in the Mojave
River groundwater basin.

To establish the source and movement of the groundwater in the Mojave River groundwater
basin, the USGS performed an analysis of the tritium composition of the groundwater
(USGS, 2001). Groundwater containing detectable tritium entered the aquifer after 1952, and
groundwater that did not contain tritium entered the aquifer before 1952. The results of this
tritium analysis prompted the USGS to estimate the lateral boundaries of two
hydraulically-connected aquifers within the Mojave groundwater basin: the Floodplain
Aquifer and the Regional Aquifer (see Figure 2-1). Most of the wells that contained
detectable tritium are located within the Floodplain Aquifer. Generally, the Floodplain
Aquifer is composed of past and current Mojave River deposits. The Regional Aquifer,
which surrounds and underlies the Floodplain Aquifer, is generally composed of
unconsolidated alluvial fan deposits from the surrounding mountains.

The PG&E Hinkley Compressor Station is located in an area overlying the Floodplain
Aquifer. The groundwater chromium plume (Figure 2-1) is located over areas estimated by
the USGS to be part of both the Regional and Floodplain Aquifers.

2.2.2 Site Hydrogeology

Hydrostratigraphy: The hydrostratigraphy of the study area is generally divided into two
additional depth-specific aquifers: the Upper Aquifer and the Lower Aquifer. The Upper
Aquifer, which includes the Floodplain Aquifer and portions of the Regional Aquifer, is
underlain by a low-permeability aquitard, referred to as the Blue Clay. Below the Blue Clay
is the deeper, semi-confined water-bearing zone, referred to as the Lower Aquifer. Below
the Lower Aquifer is a granitic bedrock unit. A generalized conceptual diagram of local
geology and groundwater is shown on Figure 2-3.
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2.0 SITE SETTING

The Blue Clay becomes thinner to the west, where the underlying bedrock is shallower, and
is absent in the study area approximately west of Mountain View Road and north of
Highway 58. In these areas, the Upper Aquifer is underlain directly by bedrock. The Blue
Clay is also absent within a few hundred feet of the current Mojave River channel

(Figure 2-3). In this area, the depth to bedrock is greater than 300 feet below ground surface
(bgs), with generally coarse-grained sediments encountered to bedrock.

The Lower Aquifer is a permeable stratum below the Blue Clay. This includes calcareous
sedimentary rock and highly weathered, decomposed, and fractured bedrock that exists as
the transitional interface above the granitic bedrock. The Lower Aquifer thickens to the east.

Granitic bedrock is encountered at depths of 100 to 150 feet bgs in the northwest portion of
the study area. The depth to bedrock increases significantly in the eastern and southern
portion of the site to as deep as 300 feet bgs.

Structural Features: The predominant geologic features of the Hinkley Valley are two
regional faults: the Lockhart and Mount General faults (see Figure 2-2). The Lockhart Fault
is located within the southwest portion of the Hinkley Valley as a northwest-trending,
right-lateral, strike-slip fault (USGS, 2001). The Lockhart Fault is Quaternary-aged, with no
evidence of historic or Holocene Fault movement or surface offset within the study area.
The Lockhart fault and other strike-slip faults in the Mojave River groundwater basin have
been characterized as barriers or partial barriers to groundwater flow (USGS, 2001; DWR,
2003). In the Hinkley Valley, the Lockhart Fault is considered to impede but not prevent
groundwater flow, transmitting some flow component to the north. It is interpreted as a
leaky boundary in the groundwater flow model (Appendix B). This interpretation is
corroborated by the evaluation of general water chemistry presented in Section 5.0, which
indicates one mixed aquifer. The Mount General Fault coincides with the eastern boundary
of the Hinkley Valley study area.

Groundwater Flow: Water table contours from the Mojave River to the northern portion of
the site were constructed using groundwater-level data collected from site monitoring wells
on February 13, 2006 and water-level data from USGS wells measured on February 2-3, 2006
(Appendix B and Figure 2-4).

The depth to groundwater ranges from approximately 75 to 102 feet bgs. The saturated
Upper Aquifer thickness ranges from approximately 25 feet (northwest area along Mountain
View Road) to approximately 100 feet (eastern areas north of Highway 58).

Lateral gradients range from 0.002 feet per foot (ft/ft) to 0.004 ft/ft across the study area,
generally flowing in a north-northwesterly direction from the compressor station to the
northern end of the study area (Figure 2-4).

2.2.3 Water Budget

The water budget for the Hinkley Valley provides a basis for understanding the source of
and uses of groundwater in the Hinkley Valley and provides an overall view of the fluxes
within the groundwater system.

BAO\070590002 2-6



2 780

Regional Aquifer
2100 February 2006 Groundwater Contours (5 ft interval)
° Project Well

Well from USGS Monitoring Network

[} 7 N
e i
o b 500 feet
9 S EarAna | BIWEET ' : I
Legend
O August 2006 Cr (T) boundary (50, 10, 4 ug/L)
in Aqui FIGURE 2-4
Floodplain Aquifer

OBSERVED GROUNDWATER CONTOURS
AND HORIZONTAL GROUNDWATER FLOW

IN THE HINKLEY VALLEY

HINKLEY BACKGROUND STUDY REPORT
PACIFIC GAS AND ELECTRIC COMPANY
HINKLEY COMPRESSOR STATION, HINKLEY, CA

ES022007001SFO_Fig 2-4 Groundwater Contours_02/23/2007_I

CH2MH LL-



2.0 SITE SETTING

This evaluation of water budget is based on a numerical groundwater flow model that was
developed by PG&E for the Hinkley Site (Appendix B). The model domain is shown on
Figure 2-5. Although the model domain does not include some portions of the Target
Background Study Area, the water budget evaluation results can be extrapolated to these
areas.

Figure 2-5 details the estimated volumes of each component of the water budget. To
quantify water budget components, the groundwater flow model was run for water-years
1997 through 2005. Groundwater pumping rates for this period were obtained from the
Mojave Watermaster. Domestic pumping for some residential areas was estimated based on
published values for typical single-family household domestic water use.

Water budget values were calculated as the yearly average for the period stated above (see
Figure 2-5). On average, about 7,000 acre-feet of groundwater entered the modeled area
from the south each year. About 20 percent of this subsurface flow continued eastward
toward Barstow, and about 2 percent flowed out of the model boundary to the north toward
Harper Lake Playa. The bulk of the groundwater inflow was pumped for irrigation or
domestic use.
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3.0 Data Collection Activities

This section summarizes the field sampling program and data validation for the
background study sampling events. The sampling schedule is summarized by well in
Table 3-1.

3.1 Field Sampling Program

The Hinkley background study data set included samples collected from 48 wells that are
representative of groundwater quality in the study area. The following summarizes the
sampling program:

First Event: The first background study sampling event was performed between January
30 and February 2, 2006. Seventeen wells were sampled and analyzed for Cr(T), Cr(VI),
and additional general chemistry and trace metal analytes.

Second Event: The second sampling event was performed between April 24 and 27, 2006
and included the 17 wells from the first event and one additional well (BGS-19).

Discrete depth samples also were collected at two wells (Wells 36-01 and BGS-24). The
KABIS Sampler® was used in well 36-01, which is located outside the Target Background
Study Area. A portable Grundfos pump was used in BGS-24, which is located within the
Target Background Study Area. No other wells were accessible for discrete-depth
sampling.

An additional 10 wells were sampled for chromium isotope analysis.

Third Event: The third sampling event was performed July 24 to 27 and September 26 to
28, 2006. Because discrete-depth samples could not be collected as proposed in the work
plan, further reconnaissance was performed as part of the third event to identify
additional wells in the study area. In all, 45 wells were sampled for Cr(T) and Cr(VI) as
part of the third background study event.

The pump in one well, BGS-05, had failed since the last sampling event, so this well was
not sampled during the third or fourth background study sampling events.

Four additional wells were sampled for chromium isotope analysis, per a request from
the USGS.

Fourth Event: The fourth quarter sampling event (performed October 23 to 25 and
November 13 to 15, 2006) included 38 wells. Nine of the third-sampling-event wells
were not sampled during the fourth sampling event due to lack of access or mechanical
pump failure in the wells. Two new wells (BGS-50 and BGS-51) were added during this
event because access was granted.

One new well (MW-36) and one previously sampled well (MW-18) were sampled for
chromium isotope analysis.
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TABLE 3-1

Hinkley Background Study Quarterly Monitoring Schedule and Well Information
Hinkley Valley Groundwater Background Study Report
Hinkley Compressor Station, Hinkley, CA

Well Identification, Type, and Status Well Construction Details Monitoring Schedule
Total |Depth to Top | Depth to Bottom | Screened Mojave
Well Depth of Screen of Screen Interval | River Basin Source of Well [ Quarter | Quarter | Quarter | Quarter

Well ID Well Type Status | (ft bgs) (ft bgs) (ft bgs) (ft) Aquifer Aquifer Zone Info 1 2 3 4
01-06 Domestic Well Active | 78.5 55 78 23 Floodplain Upper Boring Log X
04E-01 Domestic Well Active | UNK UNK UNK UNK Floodplain UNK N/A X X
06E-01 Domestic Well Active | 300 80 300 220 Floodplain | Upper & Lower | Boring Log X X
27-03 Agricultural Well | Active | 143 UNK UNK UNK Regional UNK N/A X
36-24 Domestic Well Active | UNK UNK UNK UNK Floodplain UNK N/A X
36-25 Domestic Well Active | UNK UNK UNK UNK Floodplain UNK N/A X
BGS-01 Domestic Well Active | 155 90 150 60 Regional Upper Boring Log X X X X
BGS-04 Domestic Well Active | 153 83 153 70 Regional Upper Boring Log X X X X
BGS-05 Domestic Well Active | UNK UNK UNK UNK Floodplain UNK N/A X X
BGS-06 Domestic Well Active | 200 100 200 100 Floodplain | Upper & Lower | Boring Log X X X X
BGS-09 Domestic Well Active | UNK UNK UNK UNK Floodplain UNK N/A X X X X
BGS-10 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X X X
BGS-12 Domestic Well Active | 251 86 246 160 Floodplain | Upper & Lower | Boring Log X X X X
BGS-13 Agricultural Well | Active| UNK UNK UNK UNK Floodplain UNK N/A X X X
BGS-14 Domestic Well Active | 195 80 195 115 Regional | Upper & Lower | Well Owner X X X X
BGS-15 Domestic Well Active | 120 90 120 30 Regional Upper Well Owner X X X X
BGS-16 Domestic Well Active | 200 100 200 100 Regional | Upper & Lower | Boring Log X X X X
BGS-18 Domestic Well Active | 120 UNK UNK UNK Regional UNK Well Owner X X X X
BGS-19  |Agricultural Well | Active | UNK UNK UNK UNK Regional UNK N/A X X X
BGS-22 Domestic Well Active | UNK UNK UNK UNK Floodplain UNK N/A X X X X
BGS-23 Domestic Well Active | 188 82 187 105 Regional | Upper & Lower | Boring Log X X X X
BGS-24  Agricultural Well | Active | UNK UNK UNK UNK Floodplain UNK N/A X X X
BGS-25 Domestic Well Active | UNK 80 400 320 Floodplain | Upper & Lower | Well Owner X X X X
BGS-27 Domestic Well Active | UNK UNK UNK UNK Floodplain UNK N/A X X X X
BGS-28 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-29 Domestic Well Active | 105 45 105 60 Regional | Upper & Lower | Boring Log X X
BGS-30 Domestic Well Active | 160 99 155 56 Regional | Upper & Lower | Boring Log X
BGS-31 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-32 Domestic Well Active | 136 73 136 63 Regional | Upper & Lower | Boring Log X X
BGS-33 Domestic Well Active | 114 55 114 59 Regional | Upper & Lower | Boring Log X X
BGS-34 Domestic Well Active | 147 42 147 105 Regional | Upper & Lower | Boring Log X X
BGS-35 Domestic Well Active | 160 UNK UNK UNK Regional UNK Well Owner X X
BGS-36 Domestic Well Active | 165 85 165 80 Regional | Upper & Lower | Boring Log X X
BGS-37 Domestic Well Active | 160 55 160 105 Regional | Upper & Lower | Boring Log X X
BGS-38 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-39 Domestic Well Active | 152 72 152 80 Regional | Upper & Lower | Boring Log X X
BGS-40 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-41 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-42 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-43 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-44 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-45 Domestic Well Active | 205 UNK UNK UNK Regional UNK Well Owner X
BGS-46 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-47 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-48 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X
BGS-49 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X X
BGS-50 Domestic Well Active | UNK UNK UNK UNK Regional UNK N/A X
BGS-51 Domestic Well Active | 200 160 200 40 Regional | Upper & Lower | Boring Log X

Notes:

X = Well was sampled during the quarter shown
UNK = Well detail not known
N/A = No well information available
Quarter 1 = February 2006, Quarter 2 = April 2006, Quarter 3 = July-September 2006, and Quarter 4 = October-November 2006.

Tab3-1_SampSched-FEBO7-DRAFT-New.xIs
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3.0 DATA COLLECTION ACTIVITIES

3.2 Sampling Procedures

All background study sampling was performed in accordance with the Activity-specific
Safety and Health Plan (CH2M HILL, 2004b). Sampling was performed via three methods
during the four sampling events. The majority of the samples were taken from spigots at
active domestic or agricultural well heads. In addition to these standard samples, two wells
were sampled at multiple discrete depths via two methods.

Prior to the collection of each groundwater sample, the static water level and total depth of
each well was gauged (when access was available), the well was purged, and field
parameters (pH, specific conductance, dissolved oxygen, and temperature) were recorded.
Samples were collected after three consecutive field parameter readings were within the
stabilization criteria of +/- 0.1 pH units, +/- 5 percent specific conductance, and

+/- 0.5 milligram per liter (mg/L) dissolved oxygen. Samples were collected and preserved
as per the laboratory requirements, labeled, and kept on ice until analysis was performed.

Figure 1-2 shows the location of the wells sampled during the background study.
Appendixes C and D contain the sampling forms, laboratory analytical data, and chain-of-
custody documentation.

During the first and second quarters of the study, samples were analyzed for the parameters
outlined in the work plan, which included Cr(T) and Cr(VI), chromium isotopes, general
chemistry parameters, field parameters, and dissolved metals. Prior to the initial sampling
event, the Water Board verbally approved the removal of five parameters from the Work
Plan that were considered to be redundant or not needed for geochemical evaluations. The
removed parameters were: ferrous iron, total suspended solids, dissolved organic carbon,
fluoride, and dissolved silica. After the second sampling event, data review indicated that
several analytes had never been detected in any background study wells, and therefore
were not necessary to classify the groundwater in the study area. This final list of analytes
was used during the third and fourth sampling events. Table 3-2 contains the analyte list by
quarter.

The initial list of potential discrete-depth background study wells presented in the work
plan included 41 wells. The work plan proposed collecting two discrete-depth samples from
five of these long-screened wells. The goal of the discrete sampling was to evaluate whether
chromium concentration varied at specific depth intervals within the aquifer. One of these
wells was sampled during the second sampling event. A second well, not located in the
Target Background Area, was also sampled to test the discrete-depth sampling protocol. No
other wells were found to be accessible for discrete-depth sampling.
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3.0 DATA COLLECTION ACTIVITIES

TABLE 3-2

Analyte List for All Background Study Sampling Events

Hinkley Groundwater Background Study Report
Hinkley Compressor Station, Hinkley, CA

Analytical Quarters Quarters
Method Analyte Units land 2 3and 4

Chromium Forms
7199 Hexavalent chromium po/L yes yes
6020A Chromium, dissolved po/L yes yes
Metals
6020A Antimony, dissolved mg/L yes no
6020A Arsenic, dissolved mg/L yes yes
6020A Barium, dissolved mg/L yes no
6020A Beryllium, dissolved mg/L yes no
6020A Cadmium, dissolved mg/L yes no
6020A Calcium, dissolved mg/L yes yes
6020A Cobalt, dissolved mg/L yes no
6020A Copper, dissolved mg/L yes no
6020A Iron, dissolved mg/L yes yes
6020A Lead, dissolved mg/L yes no
6020A Magnesium, dissolved mg/L yes yes
6020A Manganese, dissolved mg/L yes yes
6020A Molybdenum, dissolved mg/L yes no
6020A Nickel, dissolved mg/L yes no
6020A Potassium, dissolved mg/L yes yes
6020A Selenium, dissolved mg/L yes no
6020A Sodium, dissolved mg/L yes yes
6020A Thallium, dissolved mg/L yes no
6020A Zinc, dissolved mg/L yes no
7470A Mercury, dissolved pa/L yes no
General Chemistry
160.1 Total dissolved solids mg/L yes yes
300.0 Bromide mg/L yes no
300.0 Chloride mg/L yes yes
300.0 Nitrate as Nitrogen mg/L yes yes
300.0 Sulfate mg/L yes yes
310.1 Alkalinity, as carbonate mg/L yes no*
310.1 Alkalinity, bicarb. as CaCO3; mg/L yes yes
310.1 Alkalinity, total as CaCO3; mg/L yes yes
350.2 Ammonia as nitrogen mg/L yes no
Notes:

* Alkalinity, as carbonate, was discontinued midway through the Quarter 3 sampling (not needed).

Quarter 1 = February 2006, Quarter 2 = April 2006, Quarter 3 = July-September 2006, and Quarter 4 = October-

November 2006.
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3.0 DATA COLLECTION ACTIVITIES

3.3 Chromium Speciation and Isotope Analysis

The work plan proposed sampling 10 wells for chromium isotope analysis during the
second sampling event. One of the proposed wells (35-12) was abandoned after the
publication of the work plan and was unavailable for sampling. A well with comparable
historic chromium values (MW-08) was substituted during the second sampling event. After
the first set of chromium isotope analyses, the USGS requested additional samples to refine
the calibration curve for the isotope data set. Four additional wells were sampled during the
third sampling event. During the fourth sampling event, one well (MW-36) was added, and
one of the second quarter wells (MW-18) was re-sampled.

Fifteen wells (16 samples, since one well was sampled twice) were sampled for chromium
isotopes; however, the USGS was not able to provide results for two of the sampled wells, so
reported results are for 13 wells. Appendix E provides the methodology for chromium
isotope analysis.

3.4 Data Quality Review

As per the Quality Assurance Project Plan (CH2M HILL, 2004c), the laboratory analytical
data generated during the four sampling events were independently reviewed by project
chemists to assess data quality and identify any deviations from analytical requirements.
Analytical results flagged “R” (data rejected based on an evaluation of quality control and
data validation criteria) were not used in statistical analysis. Results flagged “J”
(concentration estimated based on quality control and data validation criteria) were
included. Appendix F presents a summary of all data that required validation flags.

Completeness objectives were met for all method and analyte combinations. No significant
analytical deficiencies were identified. With minor exceptions, the analyses and data quality
meet the project Quality Assurance Project Plan and laboratory method quality control
acceptance criteria.

Analytic Accuracy: The data quality review includes an evaluation of the relationship
between the dissolved Cr(T) (sum of all species) and Cr(VI) for each individual location.
When a result for Cr(VI) is greater than the dissolved Cr(T) result, special attention is paid
to those results. Although theoretically impossible, the Cr(VI) results can be greater due to
the inherent inaccuracy of the analytical methods. The accuracy is the degree of agreement
between a measured value and the “true” value. The SW6010B/6020A Cr(T) method has a
criterion of +/- 25 percent from the true value based on the recovery of a known amount of
“spiked” chromium. The SW7199 method for analyzing Cr(VI) has a criterion of +/-15
percent from the true value, based on the recovery of a known amount of “spiked” Cr(VI). If
each method is in error by the maximum percentage in the opposite direction (i.e., Cr[T] is
25 percent less than the “true” value and Cr[VI] is 15 percent greater than the “true” value),
the Cr(VI) result can have a relative percent difference (RPD) of 40 percent above the Cr(T)
result.

Interferences: Potential analytical interferences from cross contamination, a reducing
environment, or presence of chloride or sulfate in the samples were evaluated during data
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3.0 DATA COLLECTION ACTIVITIES

validation. None of these interferences was noted for the Cr(VI) results in the background
study.

The only noted potential interference was a slightly low Cr(VI) recovery in the matrix spike
sample from BGS-48 during the third sampling event. However, the low recovery

(83 percent vs. 85 to 115 percent expected) does not necessarily indicate matrix interference.
The 19 other matrix spike samples analyzed during this study did not indicate low recovery.

Holding-Time: Four Cr(VI) (SW7199) samples were analyzed outside the recommended
holding-time. Holding time exceedances result in the possible loss of target analytes, due to
degradation or chemical reactions that usually cause a negative bias to sample results. The
detected results were flagged “J” as an estimated concentration.

The results for two anion (E300.0) samples indicated that the samples may have been
switched by the lab prior to analysis. The samples were reanalyzed (outside the
recommended holding time) for the respective analytes (nitrate, chloride, and sulfate
[E300.0]) to confirm the error. The reanalyzed chloride and sulfate results were flagged “J”
as estimated concentrations.

Two non-detect nitrate results were not usable due to gross exceedance of the holding time
criteria and were flagged “R.” All other holding times were met.

Field Duplicates: Field duplicates were collected at the minimum rate of 1 per 10 normal
samples per the work plan. The duplicates were analyzed to determine if field collection
activities or sample matrix influenced the precision of the analytical measurements obtained
at the sample site. All field duplicate acceptance criteria were met with the following
exceptions: one Cr(VI) (SW7199) pair, one dissolved manganese pair, one dissolved zinc
pair, and one total dissolved solids (TDS) pair had RPDs above the upper control limit. The
results were qualified as estimated and were flagged “J”.

Equipment Blanks: Equipment blanks were collected at the rate of one per day whenever
temporary pumps were used for sampling. Equipment blanks were used to assess the
effectiveness of sampling equipment decontamination procedures. All equipment blank
acceptance criteria were met.

Method Blanks: Method blanks were used to monitor each preparation or analytical batch
for contamination throughout the entire analytical process, from sources such as glassware,
reagents, and instrumentation. Method blanks were analyzed at the required frequency, and
all quality control (QC) criteria were met.

Calibration: Initial calibration and periodic verification are essential to generating defensible
analytical data. Periodic calibration verification ensures that the instrument has not been
adversely affected by the sample matrix or other instrument failures that would increase or
decrease the sensitivity or accuracy of the method. Initial and periodic calibrations were
performed as required by the methods. Nineteen Cr(VI) (SW7199) sample results were
associated with continuing calibration verification standards that had recoveries less than
the lower control limit (LCL). The associated detected and non-detected results were
qualified as estimated and were flagged “J” and “U].” Eleven Cr(VI) (SW7199) sample
results and 15 magnesium (SW6010B) sample results were associated with continuing
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3.0 DATA COLLECTION ACTIVITIES

calibration verification standards that had recoveries greater than the upper control limit.
The associated detected results were qualified as estimated and were flagged “J.”

Laboratory Control Samples: A laboratory control sample (LCS) measures laboratory
accuracy. A high LCS recovery indicates the target analyte in associated samples is likely
biased high. Results associated with LCS recovery criteria exceedances are considered to be
estimated. Laboratory control samples were analyzed at the required frequency, and were
recovered within QC limits, with the following exceptions: five dissolved zinc (SW6020A)
results were flagged “]” as estimated concentrations, because the associated LCS recoveries
were greater than the upper confidence limit (UCL).

Matrix Spike Samples: Matrix spike recoveries are used to evaluate the effect of the sample
matrix on the recovery of target analytes. Matrix spike recoveries outside the QC limits may
indicate that the sample’s matrix is affecting the method’s ability to accurately quantify the
target analyte in the associated sample or sample batch. Therefore, when the matrix spike
does not meet criteria, results are usually considered to be estimated.

Matrix spike acceptance criteria were met, with the following exceptions: matrix spike
recoveries were less than the LCL in BGS-51_111406 for Cr(VI) (SW7199), calcium
(SW6010B), and sodium (SW6010B). The associated detected results were qualified as
estimated, and flagged “].” Additionally, the matrix spike recovery was less than the LCL in
sample Velazquez-1_092806 for Cr(VI) (SW7199). The associated detected result was
qualified as estimated, and flagged “].”

Laboratory Duplicates: Laboratory duplicate acceptance criteria were met for all methods.

Quantitation and Sensitivity: All method and analyte combinations met the project reporting
limit, quantitation, and sensitivity objectives.

Miscellaneous: The TDS (E160.1) result for sample BGS-22_102406 was identified as
erroneous during data validation. The reported dried weight was greater than the wet
weight. The result was not usable and was flagged “R.”
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4.0 Analytical Results

This section presents the final validated analytical results for the four sampling events.
These include Cr(T) and Cr(VI), chromium isotopes, and general chemistry/trace metal
results.

4.1 Total and Hexavalent Chromium

Background study Cr(T) and Cr(VI) sample results are shown on Figure 4-1. Field duplicate
results are not shown on this figure; however, all results are listed in Table 4-1.

Forty-three of the 48 wells sampled during the study exhibited Cr(T) or Cr(VI) detections
during at least one of the sampling events. The maximum detected Cr(T) value was

3.15 ng/L at BGS-32 during the third sampling event. The maximum detected Cr(VI) value
was 2.69 ug/L at BGS-47 during the fourth sampling event.

Five of the wells (06E-01, BGS-06, BGS-09, BGS-15, and BGS-24) did not contain Cr(T) or
Cr(VI) concentrations above the 1.0 and 0.2 pg/L reporting limits, respectively, during any
of the sampling events.

4.2 Chromium Isotopes

Chromium has four stable isotopes: 3Cr, 52Cr, 53Cr, and 5*Cr. In an aqueous environment,
the lighter isotopes are preferentially reduced first, resulting in an overall chromium
composition that becomes progressively enriched with heavier isotopes (Ellis et al., 2002).
The measurement of this isotope reduction is annotated as 65*Cr, which is the per mil
difference in measured 3Cr/52Cr relative to that of NIST 979 (an accepted chromium isotope
standard).

Chromium stable isotope compositions for the background study were measured at the
USGS in Menlo Park, California, which is the only laboratory in the world that currently
performs these analyses. The goal of this analysis was to assess the spatial distribution of
chromiume-stable isotope compositions in groundwater and to investigate whether the
results might indicate a site-specific reduction pattern of Cr(VI) along flow paths within the
mapped groundwater plume and/or might be used to differentiate anthropogenic Cr(VI)
from non-anthropogenic Cr(VI). More details about USGS theory and application for
chromium isotope analysis are described in Appendix E, which contains a description of the
USGS chromium isotope analysis methodology.

During the second, third, and fourth sampling events, 15 wells in or adjacent to the inferred
groundwater plume, including one well (BGS-04) used in the background study, were
sampled for analysis of chromium speciation and isotopic composition. These data are
provided in Table 4-2 and are shown on Figure 4-2. The USGS was unable to obtain §5Cr
results for two low-chromium samples (MW-35 and 01-06).
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TABLE 4-1

Summary of Background Study Total and Hexavalent Chromium Sampling Results
Hinkley Valley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA
Total
Depth to | Depth to | Discrete | Chromium, | Hexavalent
Top Perf. | Bott Perf.| Sample diss. Chromium
Samp | Interval Interval Depth (6020A) (7199)
Well ID Qtr. [Sample Date| Type | (ft. bgs) | (ft. bgs) | (ft bgs) (ug/L) (ug/L) Aquifer Designation
01-06 3 07/27/2006 55 78 2.68 ND <0.2 UJ |Upper Aquifer
04E-01 3 07/25/2006 ND <1 0.261 Unknown
4 10/25/2006 ND <1 ND <0.2
06E-01 3 07/24/2006 80 300 ND <1 ND <0.2 Upper & Lower Aquifer
4 10/25/2006 ND <1 ND <0.2
10/25/2006 | (dup) ND <1 ND <0.2
27-03 3 07/27/2006 2.38 2.17 Unknown
36-24 3 07/27/2006 1.8 1647 Unknown
36-25 3 07/27/2006 2.01 1.7 Unknown
BGS-01 1 01/31/2006 90 150 ND <1 0.32 Upper Aquifer
2 04/25/2006 ND <1 0.495
3 07/25/2006 ND <1 ND <0.2
4 10/23/2006 ND <1 0.328J
BGS-04 1 02/01/2006 83 153 2.39 25 Upper Aquifer
2 04/26/2006 2.74 2.4
04/26/2006 | (dup) 2.87 2.41
3 07/25/2006 2.73 2.56
07/25/2006 | (dup) 2.65 2.53
4 10/23/2006 2.77 2.6
BGS-05 1 01/31/2006 111 0.959 Unknown
2 04/25/2006 ND <1 0.762
BGS-06 1 01/31/2006 100 200 ND <1 ND <0.2  |Upper & Lower Aquifer
2 04/26/2006 ND <1 ND <0.2
3 07/24/2006 ND <1 ND <0.2
4 10/23/2006 ND <1 ND <0.2
10/23/2006 | (dup) ND <1 ND <0.2
BGS-09 1 01/30/2006 ND <1 ND <0.2  Unknown
2 04/24/2006 ND <1 ND <0.2
3 07/24/2006 ND <1 ND <0.2
07/24/2006 | (dup) ND <1 ND <0.2
4 10/24/2006 ND <1 ND <0.2
BGS-10 1 01/31/2006 ND <1 0.7 Unknown
2 04/26/2006 2.19 0.88
3 07/26/2006 ND <1 0.247 3
4 10/24/2006 2.44 1.37
BGS-12 1 01/30/2006 86 246 ND <1 0.224 Upper & Lower Aquifer
2 04/24/2006 ND <1 0.457
3 07/24/2006 ND <1 0.445
4 10/23/2006 ND <1 0.335J
BGS-13 1 01/31/2006 ND <1 0.208 Unknown
2 04/27/2006 ND <1 0.223
3 07/25/2006 ND <1 0.307
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Summary of Background Study Total and Hexavalent Chromium Sampling Results
Hinkley Valley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA
Total
Depth to | Depth to | Discrete | Chromium, | Hexavalent
Top Perf. | Bott Perf.| Sample diss. Chromium
Samp | Interval Interval Depth (6020A) (7199)
Well ID Qtr. [Sample Date| Type | (ft. bgs) | (ft. bgs) | (ft bgs) (ug/L) (ug/L) Aquifer Designation
BGS-14 1 01/31/2006 80 195 ND <1 ND <0.2 Upper & Lower Aquifer
2 04/26/2006 ND <1 0.211
3 07/26/2006 ND <1 0.223
4 10/23/2006 ND <1 0.216
BGS-15 1 01/31/2006 90 120 ND <1 ND <0.2  |Upper Aquifer
01/31/2006 | (dup) ND <1 ND <0.2
2 04/26/2006 ND <1 ND <0.2
3 07/25/2006 ND <1 ND <0.2
4 10/23/2006 ND <1 ND <0.2
BGS-16 1 01/31/2006 100 200 1.36 1.35 Upper & Lower Aquifer
2 04/24/2006 2.05 1.77
3 07/25/2006 1.77 145
4 10/23/2006 1.77 1.66
BGS-18 1 02/01/2006 1.53 1.75 Unknown
2 04/25/2006 191 161
3 07/25/2006 ND <1 0.27
4 10/24/2006 1.19 0.915
BGS-19 2 04/25/2006 ND <1 0.658 Unknown
3 07/25/2006 1.08 1.03
4 10/24/2006 1.14 1.06
10/24/2006 | (dup) 111 1.06
BGS-22 1 01/30/2006 ND <1 1.12 Unknown
01/30/2006 | (dup) ND <1 1.08
2 04/25/2006 1.23 1.36
3 07/24/2006 ND <1 0.813
4 10/24/2006 ND <1 0.608
BGS-23 1 01/31/2006 82 187 1.3 1.4 Upper & Lower Aquifer
2 04/24/2006 1.63 1577
04/24/2006 | (dup) 1.48 1487
3 07/25/2006 1.29 1.27
07/25/2006 | (dup) 121 1.22
4 10/24/2006 2.01 1.94
BGS-24 1 02/02/2006 ND <1 ND <0.2  Unknown
2 04/26/2006 60-60 ND <1 ND <0.2
2 04/26/2006 100-100 ND <1 ND <0.2
2 04/26/2006 140-140 ND <1 ND <0.2
3 07/27/2006 ND <1 ND <0.2
BGS-25 1 01/30/2006 80 400 ND <1 0.477 Upper & Lower Aquifer
2 04/26/2006 1.2 0.767
3 07/26/2006 1.54 1317
4 10/23/2006 121 0.988
BGS-27 1 02/02/2006 1.87 1.64 Unknown
2 04/25/2006 1.66 14
3 07/26/2006 143 1.38J
4 10/24/2006 1.38 1.28
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Summary of Background Study Total and Hexavalent Chromium Sampling Results
Hinkley Valley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA
Total
Depth to | Depth to | Discrete | Chromium, | Hexavalent
Top Perf. | Bott Perf.| Sample diss. Chromium
Samp | Interval Interval Depth (6020A) (7199)
Well ID Qtr. [Sample Date| Type | (ft. bgs) | (ft. bgs) | (ft bgs) (ug/L) (ug/L) Aquifer Designation
BGS-28 3 07/26/2006 2.52 2.07J Unknown
4 10/25/2006 2.3 2.06
BGS-29 3 07/26/2006 45 105 2.11 1.95J Upper & Lower Aquifer
3 09/26/2006 2.15 174
4 11/13/2006 1.71 1.87
BGS-30 3 07/26/2006 99 155 2.53 2291 Upper & Lower Aquifer
07/26/2006 | (dup) 2.48 2.31J
BGS-31 3 07/26/2006 1.88 112 Unknown
3 09/27/2006 1.36 0.684
4 11/13/2006 ND <1 0.729
BGS-32 3 09/26/2006 73 136 3 121 Upper & Lower Aquifer
09/26/2006 | (dup) 3.15 1.07J
4 11/15/2006 2.45 1.77
BGS-33 3 09/26/2006 55 114 2.17 0.862J Upper & Lower Aquifer
4 11/15/2006 171 2.1
BGS-34 3 09/26/2006 42 147 1.88 1.23J Upper & Lower Aquifer
4 11/13/2006 142 1.19
BGS-35 3 09/26/2006 25 157 Unknown
4 11/15/2006 2.3 2.56
BGS-36 3 09/26/2006 85 165 2.69 2.1 Upper & Lower Aquifer
4 11/13/2006 2.33 2.62
BGS-37 3 09/26/2006 55 160 2.44 134 Upper & Lower Aquifer
4 11/13/2006 2 1.65
BGS-38 3 09/27/2006 2.67 2.05 Unknown
4 11/13/2006 2.41 2.44
BGS-39 3 09/27/2006 72 152 1.97 1.3 Upper & Lower Aquifer
4 11/15/2006 2.18 2.56
BGS-40 3 09/27/2006 2.26 2.03 Unknown
4 11/15/2006 2.04 2.47
BGS-41 3 09/27/2006 157 1 Unknown
09/27/2006 | (dup) 1.54 0.957
4 11/14/2006 141 1467
11/14/2006 (dup) 1.38 1427
BGS-42 3 09/27/2006 2.29 1.56 Unknown
4 11/15/2006 2.08 2.35
11/15/2006 | (dup) 2.06 2.14
BGS-43 3 09/28/2006 1.94 1.88 Unknown
4 11/14/2006 1.59 1.59
BGS-44 3 09/28/2006 2.02 1.85 Unknown
4 11/14/2006 ND <1 1.69J
BGS-45 3 09/28/2006 1.93 1.77 Unknown
BGS-46 3 09/28/2006 2.38 2.2 Unknown
4 11/15/2006 181 2.44
BGS-47 3 09/28/2006 2.94 2.45 Unknown
4 11/15/2006 2.28 2.69
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Summary of Background Study Total and Hexavalent Chromium Sampling Results
Hinkley Valley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA
Total
Depth to | Depth to | Discrete | Chromium, | Hexavalent
Top Perf. | Bott Perf.| Sample diss. Chromium
Samp | Interval Interval Depth (6020A) (7199)
Well ID Qtr. [Sample Date| Type | (ft. bgs) | (ft. bgs) | (ft bgs) (ug/L) (ug/L) Aquifer Designation
BGS-48 3 09/28/2006 ND <1 0.577J Unknown
BGS-49 3 09/28/2006 1.83 1.19 Unknown
09/28/2006 | (dup) 1.78 1.18
4 11/14/2006 1.77 0.933J
BGS-50 4 11/13/2006 ND <1 ND <0.2  Unknown
BGS-51 4 11/14/2006 160 200 1.93 1.89J Upper & Lower Aquifer
Notes:

(dup) = Duplicate field sample

ND = Not detected at reporting limit shown

J = Concentration is estimated based on quality control and data validation criteria
Quarter 1 = February 2006, Quarter 2 = April 2006, Quarter 3 = July-September 2006, and Quarter 4 = October-November 2006.
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4.0 ANALYTICAL RESULTS

TABLE 4-2

Summary of Background Study Chromium Isotope Analysis
Hinkley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA

8>°Cr
Cr conc. Cr(VI) Cr(l) (per mil, relative to NIST
Sample Designation (no/L)* (no/L)* (no/L)* 979)
PMW-03 2775.0 2665.0 110.0 -0.17
MW-36 142 132.5 9.5 0.25
MW-06 106.4 101.6 4.8 0.50
MW-06 — Duplicate 105.6 101.0 4.6 0.70
MW-18 54.5 51.1 3.4 0.73
MW-18 — Duplicate 52.7 49.0 3.7 0.85
MW-18** 2.4 21 0.3 3.48
MW-28B 46.1 44.4 1.8 1.14
MW-42B1 33.7 32.2 1.6 1.21
MW-42B1 — Duplicate 33.6 32.8 0.8 1.27
MW-23B 29.7 28.9 0.7 141
MW-08 21.2 20.6 0.6 1.87
MW-27A 20.6 195 1.1 1.35
MW-44B 17.5 15.4 21 1.28
MW-35 6.7 6.4 0.3 N.A.
BGS-04 4.3 3.7 0.6 2.70
MW-32B1 3.6 3.3 0.3 2.76
01-06 1.4 1.3 0.1 N.A.
MW-53 1.2 0.8 0.4 4.12
Notes:
* All chromium concentrations were determined by the USGS using non-standard extraction
procedures.

N.A. = USGS was not able to determine a §>>Cr value for this well.
** This value rejected from this study, see Section 4-2 for details
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4.0 ANALYTICAL RESULTS

Among the remaining 13 wells, 8*Cr values ranged from -0.17%. at PMW-03 (a well located
near the compressor station) to 4.12%o0 at MW-53 (a well located upgradient from the
compressor station). During the sampling events, three field duplicate samples were also
analyzed. No formal data quality reviews were run on these samples because the USGS
analytical methodology is non-standard. However, an inspection of the sample results
indicates that the duplicate results are generally comparable.

One well (MW-18) was originally sampled for §3Cr during the second sampling event.
However, the sample results appeared to be incongruous with previous database Cr(T) and
Cr(VI) values for MW-18 and were a clear outlier in the isotope progression along the
plume. This well was re-sampled during the fourth sampling event, and a confirmation
Cr(T) and Cr(VI) sample was sent to the analytic laboratory. The second set of sample
results did align with historic chromium values for MW-18. Based on this data, the first
MW-18 sample was disregarded in the chromium isotope study.

Chromium speciation and isotope analysis for 13 samples are shown in Table 4-2 and
plotted on Figure 4-3 on a traditional 353Cr to Cr(VI) ratio (35*Cr-Cr) concentration diagram.

653(:r
¢

'1 y L y L y L y L y L
0.1 1.0 10.0 100.0 1000.0 10000.0

Cr(VI) ppb

FIGURE 4-3
8%3Cr-Cr Concentration Diagram, Hinkley Background Study Isotope Samples

The striking feature of this data set is the overall linearity of the array. Specifically, there
appear to be two groups of data points: three samples with 353Cr >2%o and Cr(VI) less than
4 png/L, and 10 samples with §%3Cr <2%o and Cr(VI) greater than 15 pg/L. It is unclear
whether this grouping reflects a sampling bias or is a real feature of this groundwater
system.

Figure 4-4 shows the Rayleigh fractionation line (labeled “Reduction”), which describes the
predicted isotope sample distribution if Cr(VI) reduction to Cr(Ill) were the main reason for
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4.0 ANALYTICAL RESULTS

the Cr(VI) reduction observed at the site (Ellis et al., 2002). The reduction line originates at

well PMW-03, which is located at the PG&E Hinkley Compressor Station and is
representative of the high chromium concentration at the source area.

The “Mixing” line in Figure 4-4 represents the predicted isotope sample distribution if
groundwater dilution between the source area groundwater and native groundwater (in
this case, represented by well MW-32B1, which is a well on the leading edge of the 4 png/L
plume boundary) was the main reason for Cr(VI) reduction at the site.

As can be seen from Figure 4-4, the distribution of chromium isotope data can not be
explained by either a fractionation or simple mixing scenario.

5 1
4 °
3 MW-32B1
G ‘ — — Mixing
™ 2 N \ ® .
o) Reduction
w© \ CRA
1 MR
\\ o
°
O ] \ - — — —
PMW-03
0.1 1.0 10.0 100.0 1000.0 10000.0
Cr(VI) ppb
FIGURE 4-4

8%3Cr-Cr Concentration Diagram with Reduction and Mixing Line, Hinkley Background Study Isotope Samples

In summary, for the Hinkley site, chromium isotope ratios were not useful to delineate the
specific degradation pattern within the plume or to differentiate between anthropogenic and
non-anthropogenic Cr(VI) in groundwater.

4.3 General Chemistry and Trace Metals Results

Forty-eight wells used in the study were sampled for a suite of general chemistry and trace
metal analytes. A summary table of results is presented in Appendix G. The purpose of this
analysis was to further characterize the Hinkley groundwater and to identify wells that may
be geochemically dissimilar from other background wells sampled. The geochemical
evaluation is discussed in more detail in Section 5.1.
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4.0 ANALYTICAL RESULTS

4.4 Discrete-depth Sampling

The chromium results of the discrete depth sampling are provided in Table 4-1. All Cr(T)
and Cr(VI) samples were non-detect for these wells.

BAO\070590002 4-11



5.0 Data Evaluation

Analytical results from the 48 background study wells were evaluated to determine if data
should be eliminated based on geochemistry or other data to suggest the wells is an
“outlier.” The following section presents this analysis.

It should be noted that no anthropogenic sources of chromium were identified during site
reconnaissance or sampling.

5.1 Hydrogeochemical Analysis

This evaluation considered groundwater geochemistry, well location relative to the mapped
Floodplain and Regional Aquifers, well depth, and lithology (where well construction
information was available) to determine each well’s suitability for inclusion into the final
data set. The geochemical data evaluation included major ion and TDS results for wells
located within the interpreted plume boundary where appropriate.

As presented below, no wells were eliminated from the background study based on
hydrochemistry or lithologic analysis.

5.1.1 Total Dissolved Solids and Stiff Diagrams

Figures 5-1 and 5-2 present TDS and major cation and anion data as Stiff diagrams across
the site, respectively. The following observations may be made based on these two figures:

e Concentrations of TDS generally increase to the north with distance from the Mojave
River. This is typical of a freshwater recharge system in which low-TDS river water
migrates away from the recharge source, accumulating salts and dissolved solids as it
passes through the aquifer. This regional trend is obscured somewhat by localized
high-TDS areas in the central portion of the study area, which are associated with
agricultural operations.

o Wells closest to the river exhibit higher calcium-to-sodium cation ratios than wells
located elsewhere in the study area. The highly irrigated area in the center of the
Hinkley Valley also exhibits high calcium-to-sodium ratio.

e  Wells on either side of the Lockhart Fault indicate similar overall ion and TDS
concentrations.

5.1.2 Trilinear Diagrams

Several Trilinear (Piper) diagrams, shown on Figure 5-3, were prepared to examine
geochemical patterns of both well groupings and individual background study wells. The
following observations can be made in review of these diagrams:

e The pattern of background study samples indicates a very broad cluster of water
compositions, with no dominant groundwater type.
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5.0 DATA EVALUATION

e The Floodplain and Regional Aquifers are not distinct but are part of a single population
of water that contains a variety of geochemical signatures imparted by the natural
groundwater flow path. At some locations, natural conditions are affected by land use
and localized irrigation recharge.

e BGS-18 and BGS-19 are unremarkable in location, plotting within the large mass of other
wells. There is no geochemical reason to exclude these wells from the background study.

e Seasonal variation among the 14 wells that were sampled during all four sampling
events is minimal, as the major ions plot in very similar locations in the Trilinear
diagrams during each quarter.

5.1.3 Available Background Study Well Boring Logs

Due to the overall lack of well construction information, no conclusions can be drawn about
background chromium concentrations in the Upper Aquifer versus Lower Aquifer.

Boring logs for 17 of the 48 study wells were obtained from the Department of Water
Resources archives (Appendix H). All known well construction information for these wells
is summarized in Table 3-1. The majority of the documented wells have screens that are
between 55 and 115 feet long.

Hydraulically, all 17 wells for which boring log information was available are screened
across either the Upper Aquifer or both the Upper and Lower Aquifers, including a few
wells with notations of bedrock.

5.2 Temporal Evaluation of Background Concentrations

In accordance with the work plan, samples were collected during all four quarters of 2006.
Fourteen wells were sampled during all four consecutive events, two wells were sampled
during three events, 23 wells were sampled during two events, and nine wells were
sampled during one event (Table 3-1).

To evaluate whether there are temporal variations in the data collected in the background
study, the 14 wells that were sampled during all four events were evaluated for significant
increasing or decreasing trends in the Cr(T) or Cr(VI) concentrations. This evaluation was
performed using the Mann-Kendall test (Gilbert, 1987). There are no distributional
assumptions in the Mann-Kendall test, which can be viewed as a non-parametric test for a
zero slope in the linear regression of time-ordered data versus time.

The results of the Mann-Kendall test (Table 5-1) indicate that only one of the 14 wells (BGS-
27) that were sampled during all four events indicate a potential trend in Cr(T) or Cr(VI)
concentrations. In this case, the trend was significantly decreasing for both Cr(T) and Cr(VI).
Statistically, in a random four-event population of samples using a significance level of 0.05,
approximately 5 percent of the samples would be expected to be significantly trending in
one direction or the other. In the study samples, 7.1 percent (one in 14) of the cases indicated
a significant trend, which is very close to the level (0.05 or 5 percent) of insignificance for the
test. Therefore, the results of the Mann-Kendall test indicate a lack of evidence for a
temporal trend for those wells sampled during all four sampling events.

BAO0\070590002 55



5.0 DATA EVALUATION

TABLE 5-1
Mann-Kendall Trend Evaluation

Hinkley Background Study Wells with Four Quarters of Data, 2006

Hinkley Groundwater Background Study Report
Hinkley Compressor Station, Hinkley, CA

Probability that the
Observed Trend is

Percent Due to Random
Well Detects Variation Decision

Cr(T)

BGS-01 0 - All Non-Detects
BGS-04 100 0.375 No Significant Change
BGS-06 0 - All Non-Detects
BGS-09 0 - All Non-Detects
BGS-10 50 0.271 No Significant Change
BGS-12 0 - All Non-Detects
BGS-14 - All Non-Detects
BGS-15 - All Non-Detects
BGS-16 100 0.500 No Significant Change
BGS-18 75 0.367 No Significant Change
BGS-22 25 0.500 No Significant Change
BGS-23 100 0.375 No Significant Change
BGS-25 75 0.167 No Significant Change
BGS-27 100 0.045 Significantly Decreasing
Cr(VI)

BGS-01 75 0.625 No Significant Change
BGS-04 100 0.167 No Significant Change
BGS-06 0 - All Non-Detects
BGS-09 0 - All Non-Detects
BGS-10 100 0.375 No Significant Change
BGS-12 100 0.625 No Significant Change
BGS-14 75 0.167 No Significant Change
BGS-15 0 - All Non-Detects
BGS-16 100 0.375 No Significant Change
BGS-18 100 0.154 No Significant Change
BGS-22 100 0.154 No Significant Change
BGS-23 100 0.375 No Significant Change
BGS-25 100 0.167 No Significant Change
BGS-27 100 0.045 Significantly Decreasing
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5.0 DATA EVALUATION

A site-wide ANOVA test could not be completed on the background data set because of the
large influx of wells sampled during only the third and fourth sampling events.

5.3  Well Averages

The expansion of the background study well list after the second sampling event has the
potential to introduce bias into the overall summary statistics due to the unbalanced nature
of the data set (i.e., four quarters of data are not available for all wells). To restrict this bias,
the average Cr(T) and Cr(VI) concentrations from each well were used, including either one,
two, three, or four data points. This approach prevents bias by any particular well over
another since each well is represented by a single result.

From this point forward, the average result for each well is used in the statistical analysis of
the study data.

5.4 Evaluation of Mathematical Qutliers

For both Cr(T) and Cr(VI), the well average data were evaluated for mathematical outliers.
Per United States Environmental Protection Agency (USEPA) guidance (USEPA, 2000),
Rosner’s test was applied since there were 25 or more (48) results available. This test is
based on an assumption of normality for those concentrations remaining after the statistical
outliers are excluded. Thus, various transformations were considered to achieve the best
adherence to normality (based on the Shapiro-Wilk test) for the remaining concentrations
(Gilbert, 1987; USEPA, 2000). All data were transformed using one of three transformations,
including the square root transformation, the cubic root transformation, and the natural
logarithmic transformation. The logarithmic transformation is a standard transformation in
environmental applications, while the square root and cubic root offer options appropriate
when intermediate levels of skewness are present in the data.

The results of this evaluation indicated that no mathematical outliers were present. Even
when the test was restricted to untransformed data (an approach that produces more
outliers than when more skewed transformations are employed), there were no
mathematical outliers.

These findings are supported by the probability plots shown in Figures 5-4 and 5-5 for Cr(T)
and Cr(VI), respectively. Probability plots graph the actual concentrations versus the
expected quantiles if the data were normal. In these plots, the quantiles used are the number
of standard deviations from zero. These graphs serve the purpose of plotting each of the
ascending concentrations, so discontinuities can be viewed with limited overlap. Detected
concentrations are plotted as closed circles, while non-detects (one-half the reporting limit)
are plotted as open circles.

No false values or clusters of values move up in concentration away from the others.
Instead, the concentrations appear to represent a smooth curve. This result supports the
conclusion that no mathematical outliers are present in the data set.
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Open blue circles represent one-half the reporting limit; closed green circles represent detected concentrations.
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5.0 DATA EVALUATION

5.5 Final Background Study Data Set

Using the conclusions drawn from the analyses presented in this section, the final
background data set included well averages from all wells sampled in the Target
Background Study Area.

This final data set comprises geographically distinct samples collected from geologically
variable materials that would be expected to produce site-specific variations in groundwater
chemistry. Therefore, the data set appears to be representative of the study area in the
Hinkley Valley.

BAO\070590002 59



6.0 Background Concentrations

This section provides the methodology used to estimate background values for Cr(T) and
Cr(VI) in groundwater in the study area and compares the calculated values with other
chromium studies previously performed in the Mojave Desert. Additional information on
statistical procedures used in this evaluation is provided in Appendix I.

6.1 Method for Calculating 95t Percent Upper Tolerance Limit

Per the work plan, the 95t percent/95t% percent background UTL was calculated for Cr(T)
and Cr(VI)—that is, an upper bound (with 95 percent confidence) of the background 95t
percentile (CH2M HILL, 2004a).

Mean and standard deviation values were calculated using a maximum likelihood estimate
(MLE) (USEPA, 2006). An MLE provides the most likely estimate of the true parameter (e.g.,
the mean) of a population from which sample data are available. For the Hinkley
Groundwater Background Study, the Newton-Raphson method (USEPA, 2006) was used to
calculate adjustments for the mean and standard deviation for Cr(T) and Cr(VI).

This method depends on an assumption of normality (see Appendix I) and provides
appropriate adjustments for non-detects without applying proxy values. The detected
concentrations, along with the number of detects and non-detects, were used to provide an
estimate of the mean and standard deviation. Statistical methods are discussed in

Appendix L.

Normal 95t percent UTLs for Cr(T) and Cr(VI) were calculated using the following
equation:

UTL =X +(K xs) (1)

where:
Xis the sample mean.

K is the tolerance factor.

s is the sample standard deviation.

6.2 Background Value
Summary statistics for Cr(T) and Cr(VI) are provided in Table 6-1. The statistics include:

e Number of detects, number of samples, mean, median, standard deviation, minimum
detect, maximum detect, and percent detects for all well averages.

e 95th percent UTLs for Cr(T) and Cr(VI), based on the data collected during this study.
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6.0 BACKGROUND CONCENTRATIONS

TABLE 6-1

Summary Statistics for Cr(T) and Cr(VI) Using Well Averages (ug/L)
Hinkley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA

Normal
Standard Number of  Number of  Percent Minimum Maximum 95/95
Parameter Median Mean® Deviation® Detects Samples Detects Detect Detect uTL®
Cr(T) 1.69 1.52 0.824 36 48 75 0.683 2.8 3.23
Cr(VI) 1.45 1.19 0.915 41 48 85 0.181 2.57 3.09

#The mean and standard deviation were calculated using a maximum likelihood method (USEPA, 2006)
® The Normal UTL is the recommended background threshold value as discussed in Appendix I.

The UTLs calculated in this study are 3.23 pg/L for Cr(T), and 3.09 pg/L for Cr(VI)
(Table 6-1). These UTL values are considered valid values for wells in the Hinkley Valley.

As discussed in Section 3.4, the SW6010B/6020A method used for Cr(T) has an uncertainty
of +/- 25 percent from the true value. The SW7199 method for analyzing Cr(VI) has an
uncertainty of +/- 15 percent from the true value. In order to account for these analytic
uncertainties, 25 and 15 percent have been added to the 95t percent UTL values for Cr(T)
and Cr(VI), respectively, that were calculated above. These final threshold background
values are 4.04 ng/L for Cr(T), and 3.55 pg/L for Cr(VI).

6.3 Comparison to Other Chromium Studies

This section is provided to compare the results of this study with previous studies of
naturally-occurring chromium concentrations that have been performed in the Mojave
Desert and adjacent areas. The studies that were considered include:

e California Department of Health Services (CDHS) sampling results, as of April 2004, for
Cr(VI) in public supply wells in California (CDHS, 2004).

e Topock background study recommendations (CH2M HILL, 2007a).

e Evaluation of Cr(VI) in the southwestern portion of the Mojave Basin, which includes
the Hinkley area (USGS, 2004).

e Other regional studies.

Statewide Drinking Water Monitoring Program for Cr(VI): The CDHS adopted a regulation
adding Cr(VI) to the list of unregulated chemicals requiring monitoring, effective January 3,
2001 (CDHS, 2004). As a result of this regulation, public water systems across the state have
been monitoring for Cr(VI) using the analytical Method 7199, with a detection limit of 0.2
ug/L. Results of monitoring 6,400 drinking water sources (as of April 7, 2004) showed
Cr(VI) detections at or above 5 pg/L in about one-third of the tested sources. Occurrence is
mostly at low (<10 pg/L) levels, with 87 percent having peak concentrations at or below 10
ug/L (CDHS, 2004). Table 6-2 presents statistics for the most recent available data collected
in April 2004.
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6.0 BACKGROUND CONCENTRATIONS

TABLE 6-2

Statistics for Cr(VI) Data Collected by CDHS in April 2004
Hinkley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA

Value California San Bernardino County
Maximum 524.0 85.0
Minimum 0.0 0.1

Median 35 35

Average 6.0 5.8

Units are pg/L.

Topock Background Evaluation: The groundwater background study for the PG&E Topock
Compressor Station site employed a methodology similar to the Hinkley Background Study.
The Topock study was completed to assess the range of naturally-occurring background
concentrations of Cr(T) and Cr(VI) in groundwater, using data collected from 25 existing
wells near the PG&E Topock gas compressor station over a 1-year period. The groundwater
background concentrations were estimated using the 95t percent UTL. The 95t percent UTL
was calculated for Cr(T) and Cr(VI), assuming a non-parametric distribution. The calculated
95th percent UTLs for Cr(T) and Cr(VI) were 34.1 and 31.8 pug/L, respectively (see

Table 6-3).

2004 USGS Study to Establish Background Chromium Concentrations in Mojave Desert Area:
The USGS published preliminary data results for naturally-occurring Cr(VI) concentrations
in groundwater within the southwestern portion of the Mojave Groundwater Basin (Ball

and Izbicki, 2004).

This study, which was funded by the USEPA for the California Department of Toxic
Substance Control, will be used to establish background levels of Cr(VI) in the southwestern
portion of the Mojave Basin, particularly for the El Mirage area (Aerojet facility). The area
used to establish the background concentrations included the Hinkley area, but Hinkley
plume data were excluded.

Based on this study, Cr(VI) concentrations were found to be lower near mountain-front
recharge areas and in discharge areas near dry lakes. Concentrations of Cr(VI) increased
downgradient from recharge areas, as long as dissolved oxygen was present. The highest
Cr(VI) concentrations (up to 60 ng/L) were detected in water from wells completed in
alluvial deposits comprising weathered mafic rocks, such as the Sheep Creek fan.
Concentrations as high as 36 pg/L were detected in alluvial deposits weathered from less
mafic granitic, volcanic, and metamorphic rock (Ball and Izbicki, 2004).

Using this data set, a preliminary regional background level for Cr(VI) of 27 ng/L was
determined for Mojave Desert aquifers that are not located in mafic rock materials
(CH2M HILL, 2004a).
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6.0 BACKGROUND CONCENTRATIONS

TABLE 6-3

Hinkley Background Results Compared to Published Studies within Region
Hinkley Valley Groundwater Background Study Report

Hinkley Compressor Station, Hinkley, CA

USGS Mojaveb (using
only groundwater data

Hinkley Hinkley Topock? Topock® from wells in granitic
Background Background Background Background and volcanic rocks)
Study Study Mean Study UTL Study Mean Study UTL UTL
Cr(T) 1.54 3.23 9.37 34.1 not calculated
Cr(Vl) 1.26 3.09 7.80 31.8 27
ADEQ® RASA?
Sacramento RASA‘ Program RASA® RASA® Program:
Valley Study Program Standard Program Number of Samples
Study Mean Mean Deviation Range Collected
Cr(T) 42 10.3 30.7 0-300 436
Cr(VI) NM NM NM NM NM

Notes:

NM = Not measured; MRL = Method Reporting Limit; Zero values in RASA range are as reported (no
detection limit provided)

All concentrations in pg/L

& CH2M HILL, 2007 Topock Background Study, Step 3&4 Results

® Ball & Izbicki, 2004, as presented in the 2004 Hinkley Background Study Work Plan

¢ ADEQ Open File Report June 2001. Ambient Ground Water Quality of the Sacramento Valley Basin: A
1999 Baseline Study.

Y RASA = Regional Aquifer-System Analysis (Robertson, 1991); zero mean values not explained, but are
assumed to indicate >50% below MRL.

The study of Ball and Izbicki (2004) conducted in the Mojave Desert, CA reported a range in Cr(VI) from <0.1

to 60 pg/L with a median of 5.5 pg/L. See text for further description.

Other Studies of Background Chromium Values: Other studies of trace metal groundwater
chemistry in this region are available in the technical literature. One is Arizona Department
of Environmental Quality’s (ADEQ’s) groundwater quality study of the Sacramento Valley
(ADEQ, 2001), which is the groundwater basin immediately to the east of the Mojave Valley.
The second is a broader study by the USGS of southwestern United States groundwater
basins, named the Southwest Alluvial Basins, Regional Aquifer System Analysis (RASA)
Study (Robertson, 1991). This latter study included data collected from 72 basins in central
and southern Arizona, southeastern California and Nevada, and western New Mexico.
These two studies provide a broad comparison of regional trace element data with data
collected during the Hinkley background study.

Table 6-3 compares mean values and 95t percent UTLs for Cr(T) and Cr(VI) from the
Hinkley background study with concentrations from other investigations (ADEQ, 2001;
Robertson, 1991; Ball and Izbicki, 2004).
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6.0 BACKGROUND CONCENTRATIONS

Overall, mean chromium concentrations and calculated UTLs in the Hinkley groundwater
background study are lower than chromium concentrations found in other site-specific
studies.
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7.0 Conclusions and Recommendation

This report satisfies requirements for a chromium background study of groundwater in the
vicinity of PG&E’s Hinkley natural gas compressor station and the associated chromium
plume. The analytical results for all wells in the data set were analyzed for
hydrogeochemical similarities, temporal trends, potential mathematical outliers, and data
set balance to ensure that each sample could be considered representative of the study area.
No samples were eliminated from the background data set. Forty-three of the 48 wells
sampled during the study exhibited Cr(T) or Cr(VI) detections during at least one of the
sampling events. The maximum detected Cr(T) value was 3.15 ng/L at BGS-32 during the
third sampling event. The maximum detected Cr(VI) value was 2.69 ng/L at BGS-47 during
the fourth sampling event.

The background study data set included wells within the Target Background Study Area
where access was granted for sampling. The background study wells comprise a
geographically and geologically diverse data set that encompasses many variations in
groundwater chemistry. The data are representative of groundwater in the study area of the
Hinkley Valley.

Analysis of temporal variation in 14 wells represented by four quarters of data did not
indicate seasonal variation. Geochemical signatures of major ions for these 14 wells also
indicated little seasonal variation.

For the Hinkley site, chromium isotope ratios were not useful to delineate the specific
degradation pattern within the plume or to differentiate anthropogenic versus
non-anthropogenic concentrations of Cr(VI).

Average Cr(T) and Cr(VI) well values were used in the statistical analysis. This approach
prevents bias of any particular well’s data set over another since each well is represented by
one average result instead of by the actual number of samples taken at that well. This
approach has the added effect of dampening the effects of the most elevated values in the
sample set by averaging those results with lower results from other sampling events.

Using the well averages, the calculated 95t percent UTLs are 3.23 pg/L for Cr(T), and
3.09 pg/L for Cr(VI).

The recommended background threshold values are 4.04 pg/L for Cr(T), and 3.55 pg/L for
Cr(VI). These values are based on the 95t percent UTL, plus the percent uncertainty
introduced by the analytic methods used in Cr(T) and Cr(VI) analysis.

These background threshold Cr(T) and Cr(VI) values represent site-wide background values
for long-screened wells in the study area of the Hinkley Valley.

Mean chromium concentrations and calculated 95t percent UTLs for the Hinkley
groundwater background study are lower than chromium concentrations found in other
studies.
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7.0 CONCLUSIONS AND RECOMMENDATIONS

If chromium concentrations above these values are found in the future, a closer examination
of the local geochemical environment would be necessary to determine whether the sample
concentration is natural or anthropogenic in nature. It would be statistically appropriate to
compare the UTL values to well averages for up to four quarters of data.

Recommendation: No additional data collection activities are recommended at this time.
However, future evidence may indicate additional analysis is appropriate.
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FIGURE A-1
Wind Rose Diagram Locations, Barstow, CA
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APPENDIX B

Numerical Groundwater Flow Model

The numerical groundwater flow model previously developed for the Hinkley Remediation
project was used to evaluate the water budget of the Hinkley Valley, as encompassed by the
model domain.

B.1 Groundwater Flow Model

A regional three-dimensional groundwater flow model of the Hinkley Valley was
developed as a tool to estimate changes in groundwater conditions due to predicted stresses
(anthropogenic and natural) on the local groundwater system. The current numerical model
is based in part on a combination of a large-scale basin model of the Mojave River Basin
developed by the United States Geological Survey (USGS, 2001) and a previous
groundwater flow model developed for the Hinkley site (Alisto, 1998).

The regional groundwater flow model was developed using a three-dimensional,
finite-difference model code known as MODFLOW (USGS, 1988). The model is supported
by “Groundwater Vistas,” which is a software package that supports the MODFLOW code.

B.1.1 Model Grid

MODFLOW simulates groundwater flow in aquifer systems using the finite-difference
method. Using this method, the model domain is discretized into rows, columns, and layers
that form cells. When overlain on a map of the study area, each cell represents a small part
of the region. Each cell is assigned a series of parameters that relate to the average aquifer
properties and stresses for that particular region. As the cell size increases, the parameter
values describing the actual aquifer properties, which vary over the cell area, become more
generalized. The finite-difference grid used in this model consists of 386 rows, 384 columns,
and six layers, totaling 763185 active cells (Figure 2-5 main text). Both rows and columns
have variable spacing and vary between 1,000 feet wide in the outer portions of the model
and 25 feet wide in the central portion of the model. Cells representing smaller areas
allowed for a more detailed approximation of the flow system.

B.1.2 Model Layers

The majority of Hinkley Valley is underlain by two distinct aquifer units separated by a clay
lacustrine unit, referred to as the Blue Clay unit due to its unique color. The Upper Aquifer
consists of interbedded gravels, sands, silts, and minor amounts of clay. The Lower Aquifer
consists of older alluvium deposits and/or weathered or fractured bedrock. The Blue Clay is
about 20 to 50 feet thick in most of the Hinkley Valley, but pinches out within the distal end
of the plume and is not present to the west, and is not present within a few to several
hundred feet of the current Mojave River channel (Figure B-1, Extent of Blue Clay).

Hydrostratigraphy of the Hinkley Valley is represented in the regional groundwater flow
model with six layers. In areas where the blue clay is present, the classification is simple:
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NUMERICAL GROUNDWATER FLOW MODEL

Layers 1, 2 and 3 represent the Upper Aquifer, Layer 4 is the Blue Clay unit, and Layer 5
represents the Lower Aquifer, and Layer 6 represents low permeability, competent bedrock.
In the area northwest of the plume, the properties of Layer 4 transition from those of the
Blue Clay to those of the Upper Aquifer in this region. In the area surrounding the Mojave
River channel, the properties of Layer 4 also transition to those of the Upper Aquifer.

B.1.3 Boundary Conditions

The aerial extent of the model roughly coincides with the natural boundaries of the Hinkley
Valley (Figure 2-5 in the main text). Accurate representation of the Valley’s natural
boundaries in the numerical model is required to accurately simulate the basin-wide
groundwater flow patterns and provide reasonable simulated responses to stresses. Figure
2-5 shows the locations of the boundary conditions. Groundwater enters the southern model
area from the Mojave River floodplain aquifer and the alluvial fan structure west of the
river. These boundaries and the eastern portion of the Mojave floodplain aquifer, where
flow is directed towards Barstow, are represented as general head boundaries. Water exits
the Hinkley Valley to the north via a constant head boundary, representing subsurface
outflow to the Harper Valley. The Mojave River periodically flows within the model
domain, and recharge from the river is simulated using injection wells. No-flow boundaries
are used along the western, eastern and southeastern margins of the model domain. These
boundary conditions are summarized in Table B-1.

TABLE B-1
Water Budget Components Used in Hinkley Numerical Model
Hinkley Compressor Station, Hinkley, CA

Budget Component

Description

IN: Change in storage

IN: Wells

IN: Head Dependent Boundary

IN: Recharge

OUT: Change in storage
OUT: Wells

OUT: Head Dependent Boundary

OUT: General Head Boundary
INTERNAL: Lockhart Fault zone
INTERNAL: East of bedrock outcrop

INTERNAL: West of bedrock outcrop

From falling groundwater levels

Injection wells are used to simulate inflow to the
groundwater system from the Mojave River when it
flows and from Lenwood intentional recharge

Groundwater inflow from Mojave River channel and
Alluvial Fan (southern model boundary)

Deep percolation of agricultural and domestic
applied water

From rising groundwater levels
Groundwater pumping

Groundwater flow toward Barstow (east, Mojave
River channel)

Groundwater outflow toward Harper Lake (north)
Flux through the fault zone

Flux to the east of the outcrop at the distal end of the
plume

Flux to the west of the outcrop at the distal end of
the plume

BAO\070590002
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B.1.4 Model Calibration

The model was recalibrated after the 2006 drilling program. The assumed properties of the
regional groundwater flow model were adjusted locally such that simulated hydraulic
heads matched measured groundwater elevations for the simulated period. During model
calibration the assumed aquifer properties (e.g., hydraulic conductivity and storage
coefficients) were further adjusted within reasonable bounds to match simulated drawdown
with drawdown observed in numerous aquifer tests performed at the site.
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Appendix B

Hinkley Site Water Levels, February, 2006

Hinkley Groundwater Monitoring Program

Hinkley Compressor Station, Hinkley, California

Project or State Well

Water Level
(feet above

ID Easting Northing | mean sealevel)| Date
02-02A 2250280 512654 2135.71 2/13/06
03-01A 2248212 511626 2142.92 2/13/06

26-04 2249203 521157 2091.66 2/13/06
26-07 2248988 519027 2095.29 2/13/06
26-09 2249409 519196 2095.55 2/13/06
26-16 2251521 518665 2095.97 2/13/06
26-23 2251230 522831 2090.68 2/13/06
26-29 2251511 519263 2096.81 2/13/06
27-04 2248293 521360 2091.75 2/13/06
35-10A 2252035 513254 2113.09 2/13/06
35-11 2252633 514101 2111.03 2/13/06
35-13 2251730 514515 2112.00 2/13/06
35-14 2253828 513786 2114.01 2/13/06
35-26 2251701 513744 2110.39 2/13/06
35-33 2252668 515933 2106.62 2/13/06
DW-01 2249950 521147 2093.66 2/13/06
DW-02 2249104 523256 2090.97 2/13/06
DW-03 2250937 523731 2086.76 2/13/06
IW-01 2250050 520590 2094.22 2/13/06
IW-02 2250659 520431 2094.10 2/13/06
MW-01 2252397 511859 2116.92 2/13/06
MW-02 2251476 512909 2112.73 2/13/06
MW-03 2253815 513062 2116.00 2/13/06
MW-03A 2253805 513064 2115.87 2/13/06
MW-04 2251438 514097 2119.00 2/13/06
MW-05 2253853 514480 2111.95 2/13/06
MW-06 2251476 516053 2103.41 2/13/06
MW-07 2252654 517319 2104.45 2/13/06
MW-08 2250108 517247 2097.97 2/13/06
MW-09 2251932 518400 2098.58 2/13/06
MW-10 2250096 519460 2095.71 2/13/06
MW-11A 2252699 514451 2110.09 2/13/06
MW-11B 2252720 514460 2110.44 2/13/06
MW-12A 2252054 516459 2103.89 2/13/06
MW-12B 2252045 516490 2102.42 2/13/06
MW-13 2251391 517208 2099.88 2/13/06
MW-14A 2250968 518257 2097.96 2/13/06
MW-14B 2250969 518237 2097.40 2/13/06
MW-16 2252090 514982 2107.61 2/13/06
MW-17 2252628 511328 2121.67 2/13/06
MW-18 2250956 516777 2099.43 2/13/06
MW-19 2249346 520319 2094.21 2/13/06
MW-2-2 2252298 513029 2112.66 2/13/06
MW-2-3 2251930 513478 2112.17 2/13/06
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Appendix B

Hinkley Site Water Levels, February, 2006
Hinkley Groundwater Monitoring Program
Hinkley Compressor Station, Hinkley, California

Project or State Well

Water Level
(feet above

ID Easting Northing | mean sealevel)| Date
MW-2-4 2252979 513049 2113.71 2/13/06
MW-2-5 2252571 513880 211251 2/13/06
MW-2-6 2251829 514118 2112.40 2/13/06
MW-20 2252218 512766 2112.41 2/13/06

MW-21A 2251192 522328 2091.10 2/13/06
MW-21B 2251177 522313 2089.82 2/13/06
MW-21B1 2251190.7 522297 2090.76 2/13/06
MW-22A1 2250367 520473 2094.09 2/13/06
MW-22A2 2250344 520456 2094.20 2/13/06
MW-22B 2250356 520419 2094.21 2/13/06
MW-23A 2249410 520713 2093.75 2/13/06
MW-23B 2249382 520707 2093.75 2/13/06
MW-24A1 2251446 520143 2094.66 2/13/06
MW-24A2 2251426 520164 2095.67 2/13/06
MW-24B 2251454 520175 2094.89 2/13/06
MW-25A2 2250916 520307 2094.47 2/13/06
MW-25B 2250925 520336 2094.42 2/13/06
MW-26 2249830 520619 2094.00 2/13/06
MW-27A 2252630 518435 2101.36 2/13/06
MW-27B 2252628 518435 2097.84 2/13/06
MW-28A 2248686 520325 2093.99 2/13/06
MW-28B 2248687 520350 2093.94 2/13/06
MW-29 2248666 521611 2091.95 2/13/06
MW-30A 2251179.7 521446 2091.55 2/13/06
MW-30B1 2251227 521470 2090.93 2/13/06
MW-30B2 2251236 521471 2089.80 2/13/06
MW-31 2250350 522197 2091.51 2/13/06
MW-32B1 2252031 522533 2091.52 2/13/06
MW-32B2 2252056 522544 2091.56 2/13/06
MW-33A 2253974 517314 2105.28 2/13/06
MW-33B 2253975 517339 2099.93 2/13/06
MW-35 2253962 515590 2109.35 2/13/06
MW-36 2250942 513227 2112.74 2/13/06
MW-37 2248684 516268 2097.45 2/13/06
MW-38A 2248671 517914 2095.99 2/13/06
MW-38B 2248670 517883 2096.00 2/13/06
MW-39 2253282 511052 2118.13 2/13/06
MW-40 2249634 514892 2112.79 2/13/06
MW-41A 2252945 520210 2097.83 2/13/06
MW-41B 2252958 520205 2095.63 2/13/06
MW-42B1 2249877 521132 2092.54 2/13/06
MW-42B2 2249870 521133 2093.60 2/13/06
MW-43 2250828 522565 2090.65 2/13/06
MW-44A 2247448 518341 2095.21 2/13/06
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Appendix B

Hinkley Site Water Levels, February, 2006

Hinkley Groundwater Monitoring Program

Hinkley Compressor Station, Hinkley, California

Project or State Well

Water Level
(feet above

ID Easting Northing | mean sealevel)| Date
MW-44B 2247448 518348 2095.15 2/13/06
MW-45A 2247410 519864 2093.78 2/13/06
MW-45B 2247416 519860 2093.52 2/13/06

MW-46 2253878 512000 2116.89 2/13/06
MW-47 2247312 521071 2091.35 2/13/06
MW-48 2248735 513523 2117.50 2/13/06
MW-49A 2253864 519055 2102.48 2/13/06
MW-49B 2253856 519054 2101.58 2/13/06
MW-50A 2252668 521169 2094.08 2/13/06
MW-50B 2252667 521174 2094.41 2/13/06
MW-51 2250437 512230 2124.05 2/13/06
MW-52 2255068 513281 2117.28 2/13/06
MW-53 2251477 510911 2128.48 2/13/06
MW-54 2246487 518679 2094.46 2/13/06
MW-55A 2252516 523913 2088.46 2/13/06
MW-55B 2252518 523894 2090.32 2/13/06
MW-56 2251233 520747 2093.50 2/13/06
PGE-07 2252672 513157 2112.60 2/13/06
PGE-09 2251555 511261 2130.07 2/13/06
PGE-11 2253944 509393 2132.17 2/13/06
PGE-12 2253913 509836 2123.49 2/13/06
PGE-13 2253904 510223 2122.66 2/13/06
PMW-01 2252626 511980 2116.82 2/13/06
PMW-02 2252984 512353 2116.08 2/13/06
PMW-03 2253007 512742 2115.78 2/13/06
PMW-04 2252798 512738 2113.56 2/13/06
PMW-05 2252601 512734 2113.25 2/13/06
PMW-06 2252356 512731 2112.82 2/13/06
TW-2S 2251172 521879 2090.11 2/13/06
X-02 2252445 513136 2112.62 2/13/06
X-05 2253145 513281 2113.54 2/13/06
X-06 2252678 513675 2112.34 2/13/06
X-09 2252599 514863 2108.95 2/13/06
X-10 2252612 515260 2108.11 2/13/06
X-12 2252325 515293 2107.39 2/13/06
X-14 2252770 515578 2107.96 2/13/06
X-15 2253276 515793 2107.62 2/13/06
X-16 2253110 515202 2108.80 2/13/06
09NO2WO02E001S 2280919 511484 2097.35 2/3/06
09N02W03A002S 2280426 512899 2099.28 2/3/06
09NO2WO3EQ001S 2276512 511371 2104.68 2/3/06
09N02W06H006S 2264522 510863 2116.63 2/2/06
09N02W06L012S 2261535 509599 2131.45 2/2/06
09N02W06L014S 2261535 509599 2134.15 2/2/06
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Hinkley Site Water Levels, February, 2006
Hinkley Groundwater Monitoring Program

Hinkley Compressor Station, Hinkley, California

Water Level

Project or State Well (feet above
ID Easting Northing | mean sealevel)| Date
09N02W06MO007S 2260637 509409 2134.09 2/2/06
09N02WO06P001S 2261447 509307 2132.97 2/2/06
09N02W06P002S 2260789 509083 2135.78 2/2/06
09NO3WO01R006S 2258124 508660 2135.76 2/2/06
09NO3WO01R007S 2258124 508660 2136.77 2/2/06
09NO3W14N001S 2248975 498065 2186.01 2/2/06
09NO3W23C001S 2251414 496993 2181.09 2/2/06
09N03W23D002S 2248993 495954 2191.55 2/2/06
09NO3W23F001S 2251433 494773 2182.19 2/2/06
09NO3W23F002S 2251433 494773 2192.45 2/2/06
09NO3W23F003S 2251433 494773 2190.67 2/2/06
09N03W23L001S 2251433 494664 2190.45 2/2/06
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Index to Background Study Sampling Field Logs

APPENDIX C

(Sorted by Well ID and Quarter)

Well ID Quarter | Date Sampled
01-06 Q03 07/27/2006
04E-01 Q03 07/25/2006
Q04 10/25/2006
06E-01 Q03 07/24/2006
Q04 10/25/2006
27-03 Q03 07/27/2006
36-24 Q03 07/27/2006
36-25 Q03 07/27/2006
BGS-01 Qo1 01/31/2006
Q02 04/25/2006
Q03 07/25/2006
Q04 10/23/2006
BGS-04 Qo1 02/01/2006
Q02 04/26/2006
Q03 07/25/2006
Q04 10/23/2006
BGS-05 Qo1 01/31/2006
Q02 04/25/2006
BGS-06 Q01 01/31/2006
Q02 04/26/2006
Q03 07/24/2006
Q04 10/23/2006
BGS-09 Qo1 01/30/2006
Q02 04/24/2006
Q03 07/24/2006
Q04 10/24/2006
BGS-10 Qo1 01/31/2006
Q02 04/26/2006
Q03 07/26/2006
Q04 10/24/2006
BGS-12 Qo1 01/30/2006
Q02 04/24/2006
Q03 07/24/2006
Q04 10/23/2006
BGS-13 Qo1 01/31/2006
Q02 04/27/2006
Q03 07/25/2006
BGS-14 Q01 01/31/2006
Q02 04/26/2006
Q03 07/26/2006
Q04 10/23/2006
10of3
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Index to Background Study Sampling Field Logs

APPENDIX C

(Sorted by Well ID and Quarter)

Well ID Quarter | Date Sampled
BGS-15 Q01 01/31/2006
Q02 04/26/2006
Q03 07/25/2006
Q04 10/23/2006
BGS-16 Q01 01/31/2006
Q02 04/24/2006
Q03 07/25/2006
Q04 10/23/2006
BGS-18 Q01 02/01/2006
Q02 04/25/2006
Q03 07/25/2006
Q04 10/24/2006
BGS-19 Q02 04/25/2006
Q03 07/25/2006
Q04 10/24/2006
BGS-22 Q01 01/30/2006
Q02 04/25/2006
Q03 07/24/2006
Q04 10/24/2006
BGS-23 Q01 01/31/2006
Q02 04/24/2006
Q03 07/25/2006
Q04 10/24/2006
BGS-24 Q01 02/02/2006
Q02 04/26/2006
Q03 07/27/2006
BGS-25 Qo1 01/30/2006
Q02 04/26/2006
Q03 07/26/2006
Q04 10/23/2006
BGS-27 Qo1 02/02/2006
Q02 04/25/2006
Q03 07/26/2006
Q04 10/24/2006
BGS-28 Q03 07/26/2006
Q04 10/25/2006
BGS-29 Q03 07/26/2006
Q03 09/26/2006
Q04 11/13/2006
BGS-30 Q03 07/26/2006
BGS-31 Q03 07/26/2006
Q03 09/27/2006
Q04 11/13/2006
20f3
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Index to Background Study Sampling Field Logs

APPENDIX C

(Sorted by Well ID and Quarter)

Well ID Quarter | Date Sampled
BGS-32 Q03 09/26/2006
Q04 11/15/2006
BGS-33 Q03 09/26/2006
Q04 11/15/2006
BGS-34 Q03 09/26/2006
Q04 11/13/2006
BGS-35 Q03 09/26/2006
Q04 11/15/2006
BGS-36 Q03 09/26/2006
Q04 11/13/2006
BGS-37 Q03 09/26/2006
Q04 11/13/2006
BGS-38 Q03 09/27/2006
Q04 11/13/2006
BGS-39 Q03 09/27/2006
Q04 11/15/2006
BGS-40 Q03 09/27/2006
Q04 11/15/2006
BGS-41 Q03 09/27/2006
Q04 11/14/2006
BGS-42 Q03 09/27/2006
Q04 11/15/2006
BGS-43 Q03 09/28/2006
Q04 11/14/2006
BGS-44 Q03 09/28/2006
Q04 11/14/2006
BGS-45 Q03 09/28/2006
BGS-46 Q03 09/28/2006
Q04 11/15/2006
BGS-47 Q03 09/28/2006
Q04 11/15/2006
BGS-48 Q03 09/28/2006
BGS-49 Q03 09/28/2006
Q04 11/14/2006
BGS-50 Q04 11/13/2006
BGS-51 Q04 11/14/2006
3o0f3
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