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EXECUTIVE SUMMARY

This Report presents the results of the Phase II Remedial Investigation (RI) conducted at the
Installation Restoration Program (IRP) Site 1 at Former Marine Corps Air Station (MCAS) El Toro,
in Orange County, California. The investigation was performed by Earth Tech Inc., on behalf of the
Base Realignment and Closure, Program Management Office West and Naval Facilities Engineering
Command Southwest (abbreviated as NAVFAC SW; formerly abbreviated as SWDIV) as authorized
by the United States (U.S.) Navy, Pacific Division, Naval Facilities Engineering Command
(NAVFAC EFD Pacific) under contract task order (CTO) no. 0072 of the Comprehensive Long-
Term Environmental Action Navy (CLEAN) II program, contract number N62742-94-D-0048.

BACKGROUND

Former MCAS El Toro covers approximately 4,738 acres in a semi-urban area of southern
California, approximately 8 miles southeast of Santa Ana and 12 miles northeast of Laguna Beach.
The IRP Site 1 is located in the northeast portion of Former MCAS El Toro in the foothills of the
Santa Ana Mountains. IRP Site 1 is situated within a tributary canyon of Borrego Canyon Wash at
elevations ranging from approximately 610 to 760 feet above mean sea level (MSL). IRP Site 1 is
about 73 acres in size, and includes the Northern Explosive Ordnance Disposal (EOD) Training
Range (16.9 acres) and the Southern EOD Training Range (16.6 acres), and surrounding areas.

SITE HISTORY AND PREVIOUS INVESTIGATIONS

Training for EOD and detonation of munitions has been conducted at IRP Site 1 since 1952. Military
ordnance used during these activities included hand grenades, land mines, cluster bombs, smoke
bombs, and rocket warheads. Additionally, there have been reports of burning approximately 2,000

- gallons of sulfur trioxide chlorosulfonic acid (FS smoke) in trenches in the northern portion of the

site. During disposal from 1952 to 1993, it has been estimated that approximately 300,000 gallons of
petroleum fuels were burned at IRP Site 1. Such activities have a potential to contaminate the soil
with Munitions and Explosives of Concern (MEC), perchlorate, fuel hydrocarbons, volatile organic
compounds (VOCs), semivolatile organic compounds (SVOCs), and dioxins/furans. Potential
contamination of groundwater may occur due to leaching of contaminants from the soil; therefore,
numerous rounds of investigations were performed at IRP Site 1, with each investigation targeted
toward specific environmental media or contaminants, and to adequately define the nature and extent
of contamination at the site. Based on their scopes, previous studies at IRP Site 1, including the
Phase I RI may be divided into the following categories: :

Geophysical surveys
Ordnance and explosives range evaluation

Ecological evaluation

Soil investigations

M

Groundwater investigations

OBJECTIVES OF THE PHASE I RI

The Phase II RI was conducted at IRP Site 1 to further characterize the conditions at the site,
determine the nature and extent of contaminants, and assess risks to human health and the
environment. The results of the Phase II RI were combined with the previous field investigations at
IRP Site 1 for a comprehensive delineation of the nature and extent of contamination at the site. The
findings and conclusions of this Report will be used to support the decision-making process for
further courses of action in conjunction with future land-use options.
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PHASE Il REMEIDAL INVESTIGATION APPROACH AND FIELD INVESTIGATIONS

The general approach of the Phase II RI was to conduct the field investigation in stages such that
each successive data collection activity was planned and conducted based on the results of the
preceding stage. In this way, the site characterization efforts were continually scoped to minimize the
collection of unnecessary data and maximize data quality. The Phase II RI activities were also
scoped to ensure that the concerns and the areas of potential contamination identified by the previous
studies were adequately addressed. The Phase II RI addresses soil, sediment, surface water, and
groundwater at IRP Site 1 using a three-tiered sampling approach.

Tier |

The Tier I investigation was conducted in January of 2002. The objective of the Tier I investigation
was to collect sufficient soil and groundwater data to complete a screening-level human-health and
ecological risk evaluation at IRP Site 1. The sampling design for the soil investigation was based on
both probability and judgmental sampling to allow for uniform coverage of the Northern and
Southern EOD Training Ranges. All soil samples collected during the Tier I investigation were
analyzed for compounds characteristic of releases during the EOD operations, including VOCs,
SVOCs, perchlorate, explosives residues, fuel hydrocarbons, dioxins/furans, and metals.

To establish the baseline conditions, one round of groundwater sampling was conducted during
Tier I. The groundwater samples were analyzed for the same suite of compounds analyzed during the
soil sampling, with the addition of N-nitrosodimethylamine (NDMA).

Tier Il

The Tier II soil investigation was conducted from January to April 2002, and investigated the
previously defined geophysical anomaly areas through trenching or potholing, and collection of soil
samples from depths ranging from 0.5-foot to 10 feet below ground surface (bgs). During the
investigation activities, all located MEC or Munitions Debris (MD) items were logged and
categorized.

Tier Il
Tier III was conducted from June 2002 to April 2005. The objectives of the Tier IIl investigation
were to:

— Investigate the vertical extent of soil contamination at any Tier II locations that indicated

potential for contamination greater than 10 feet bgs.

— Evaluate groundwater at locations where the Tier I and Tier II data indicated potential
impact.

— Determine potential risk to Riverside fairy shrimp in the Ephemeral Pond in the northern
portion of the Northern EOD Training Range.

— Delineate perchlorate contamination in groundwater within the central portion of IRP
Site 1.

— Delineate perchlorate contamination in groundwater in the areas south of IRP Site 1
Tier III field activities were divided into several sub-investigations:

Tier II-A. As a part of Tier III-A activities, a borehole was advanced at the location of a Tier II
pothole where elevated concentrations of petroleum hydrocarbons, VOCs, SVOCs, and metals were
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detected at 6 and 10 feet bgs. Soil samples collected as a part of Tier IlI-A were analyzed for VOCs,
SVOCs, petroleum hydrocarbons, explosives residues, perchlorate, nitrate, pH, and metals.
Additionally, three new groundwater monitoring wells (01-MW208, 01-MW209, and 01-MW210)
were installed upgradient and downgradient from monitoring well 01-MW201, which had
historically yielded elevated concentrations of perchlorate.

Tier III-B. Tier III-B sampling included installation of 16 piezometers (2-inch groundwater
monitoring wells), 01-PZ01 through 01-PZ16, throughout IRP Site 1 and south of IRP Site 1 in order
to delineate perchlorate concentrations in the groundwater at these locations. Five rounds of
groundwater samples from these 16 piezometers and from selected existing wells were analyzed for
perchlorate only.

Tier II-C. Tier III-C sampling involved the installation of 12 additional monitoring wells, for the
purpose of further delineating perchlorate contamination in the central portion of IRP Site 1 and in
areas near Piezometers 01-PZ15 and 01-PZ16, located south of IRP Site 1. Continuous lithologic
cores were collected from all 12 monitoring wells in order to better characterize the subsurface
geologic and hydrogeologic conditions. Groundwater samples were collected from all 12 newly
installed wells, and from selected previously installed wells and piezometers.

The final portion of the Tier III-C investigation included sediment sampling within the Ephemeral
Pond at IRP Site 1. A total of 21 sediment samples were collected from 19 locations. The sampling
was conducted in response to a request from the United States Fish and Wildlife Service (USFWS),
in order to evaluate risk to the Federally Endangered Riverside fairy shrimp (Streprocephalus
woottoni).

Tier III-D. The Tier III-D investigation involved advancing 31 boreholes in the southern portion of
IRP Site 1 and in the areas south of IRP Site 1 in areas between IRP Site 1 and IRP Site 2, to further
characterize the geologic and hydrogeologic conditions. A total of 23 Hydropunch™ groundwater
samples were collected from the alluvium, and 17 Hydropunch™ samples were collected from the
weathered bedrock; groundwater samples were analyzed for perchlorate only.

SUMMARY OF RESULTS

Physical Characteristics of the Study Area

In order to define potential contaminant transport pathways and receptor populations, data were
collected on the physical characteristics of IRP Site 1 and surrounding areas during previous
investigations and the Phase II RI.

IRP Site 1 is located in the northeast portion of Former MCAS El Toro. The major portion of land
adjacent to IRP Site 1 is used for nursery and agricultural activities. However, continued
urbanization has brought housing developments within ’2-mile to the northeast of the site.

Subsurface lithology of IRP Site 1 consists of poorly consolidated and weathered strata of the
Capistrano Formation, which is overlain in the southern portion of the site by Holocene-aged
alluvium. A fault is present in the southwestern portion of the site between the location of
Monitoring Wells 01-DGMW57 and 01-DGMWS538.

Although groundwater beneath IRP Site 1 is not currently used for beneficial uses, according to the
Santa Ana Region Basin Plan, potential beneficial uses include municipal water supply, agricultural
and industrial supplies, and industrial process supply according to the Santa Ana Region Basin Plan.
Based on groundwater monitoring data collected as part of Phase II RI, the depth to groundwater at
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IRP Site 1 ranges from 22 feet to 109 feet bgs. Historical groundwater monitoring data and
groundwater monitoring data collected as a part of Phase II RI suggest that groundwater at IRP Site 1
generally flows toward the south-southwest at an average gradient of 0.05-foot-per-foot.

The habitat assessment conducted at IRP Site 1 in December 2000 suggested that the dominant
vegetation types at the site consist of non-native grassland, coastal sage scrub (CSS), and toyon-
sumac chaparral. The wildlife documented at IRP Site 1 includes: 1 reptile, 36 amphibians, and 6
mammalian species. Additionally, two special status species (those listed by the State and Federal
agencies as endangered, threatened, rare, or of special concern) were documented at IRP Site 1,
including the Riverside fairy shrimp and the California gnatcatcher.

Nature and Extent of Contamination

The nature and extent of contamination at IRP Site 1 was delineated for soil, groundwater, sediment,
surface water, and MEC using the data from previous investigations as well as from the Phase II RI.

Nature and Extent of Munitions and Explosives of Concern. Four Safe-to-Move MEC items and
approximately 5,000 pounds of MD were recovered during the MEC field investigations at IRP Site
1. While the MEC was recovered in the Northern EOD Training Range, ordnance and explosives
(OE) scrap or munitions debris (MD) was recovered in all the remaining portions of the site
investigated, including the Southern EOD Training Range, the area surrounding the Northern and
Southern EOD Training Ranges, and the Range perimeter. The maximum depth of MEC/MD
recovered was 8 feet bgs.

Nature and Extent of Soil Contamination. Soil investigations performed at IRP Site 1 may be
divided into two parts — an investigation of a 3.3-acre area located in the southern part of the site (in
support of a Site-Specific Environmental Baseline Survey [EBS]), and an investigation of the
Northern and Southern EOD Training Ranges.

Environmental Baseline Survey Soil Investigation

Chemicals of potential concern (COPCs) were not detected above the U.S. Environmental Protection
Agency (EPA) Region 9 residential and industrial preliminary remediation goals (PRGs) for soil
during the investigation of the 3.3-acre area sampled in support of the EBS. Metals were detected at
concentrations below residential and industrial PRGs with the exception of arsenic, for which 10
samples exceeded the residential and industrial PRGs, and 1 sample exceeded the Former MCAS El
Toro background concentration. Among the detected explosives residues, only RDX exceeded its
U.S. EPA Region 9 residential PRG in one soil sample.

Northern and Southern Explosive Ordnance Disposal Training Ranges

The following presents a summary of the nature and extent of contamination in the Northern and
Southern EOD Training Ranges:

— Various COPCs were detected in soil at IRP Site 1 during previous investigations and
the Phase II RI. These COPCs include: VOCs, SVOCs, hydrocarbons, explosives
residues, perchlorate, metals, and dioxins/furans.

— VOCs detected in the soil at the Northern and Southern EOD Training Ranges include
acetone, benzene, 2-butanone, chloroform, ethylbenzene, 2-hexanone, 4-methyl-2-
pentanone, tetrachloroethene, toluene, and xylenes. Concentrations of all the detected
VOCs were below the U.S. EPA Region 9 residential and industrial PRGs.
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SVOCs detected in soil at the Northern and Southern EOD Training Ranges include
diethyl phthalate; di-n-butyl phthalate; hexachlorobenzene; phenol; 2,4-dinitrotoluene;
2-methylnaphthalene;  bis(2-ethylhexyl) phthalate; naphthalene; and NDMA.
Concentrations of all detected SVOCs were below U.S. EPA Region 9 residential and
industrial PRGs with the exception of naphthalene. Concentrations of naphthalene
exceeded the Cal-Modified EPA Region 9 residential and industrial PRGs of 1.7 and 4.2
milligrams per kilogram (mg/kg), respectively, at seven sampling locations.

Hydrocarbons detected in soil at the Northern and Southern EOD Training Ranges
include total petroleum hydrocarbons as motor oil (TPH-MO); TPH as diesel fuel (TPH-
D); and TPH as gasoline (TPH-G) (PRGs are not available for TPH). Concentrations
ranged from 1 to 37,000 mg/kg for TPH-D; 0.03 to 1,600 mg/kg for TPH-G; and 4 to 69
mg/kg for TPH-MO.

Explosives residues detected in soil at the Northern and Southern EOD Training Ranges
include 1,3-dinitrobenzene; 2,4,6-trinitrotoluene; and cyclotrimethylenetrinitramine
(RDX). All detected explosives residues were below U.S. EPA Region 9 industrial
PRGs. Residential PRGs were also not exceeded except in the case of RDX, for which
one sample collected at 5 feet bgs during the Tier III soil investigation exceeded the
respective residential PRG of 4.42 mg/kg.

Perchlorate was detected at low concentrations and at low frequencies in soil at the
Northern and Southern EOD Training Ranges during all previous investigations and
during the Phase II RI. All these detections were well below the U.S. EPA Region 9
residential and industrial PRGs of 7.82 mg/kg and 102.2 mg/kg, respectively. The
maximum concentration of perchlorate detected at the Northern and Southern EOD
Training Ranges was 1.6 mg/kg.

Analysis of soil for metals during the Verification of Perchlorate Study and Phase II RI
Tier I and Tier III soil investigations showed that very few metals exceeded respective
background concentrations. Also during these investigations, none of the metals
exceeded the U.S. EPA Region 9 residential or industrial PRGs, with the exception of
arsenic. However, the results of metal analysis for the soil samples collected as part of
the Tier II investigation show that a relatively large number of metals exceeded
respective background concentrations. A comparison of reported metal concentrations
with residential and industrial PRGs shows that few of these metals exceeded the
residential and industrial PRGs. Metals that exceeded the residential and/or industrial
PRGs in the soil samples collected from the Northern and Southern EOD Training
Ranges include aluminum, antimony, arsenic, cadmium, copper, lead, thallium, and zinc.

Toxicity equivalency quotients (TEQs) for dioxins/furans in soil samples collected
during the Verification of Perchlorate Study and the Tier III soil investigation did not
exceed U.S. EPA Region 9 residential PRGs; however, during the Tier II investigation,
one soil sample exceeded the residential and industrial PRGs and one soil sample
exceeded only the residential PRGs.

Results of the Tier I soil investigation were combined with the results of the Tier I and
Tier II investigations to estimate the depth of contamination at IRP Site 1. These results
show that minimal VOC, SVOC, and hydrocarbon contamination exists at IRP Site 1
and is restricted to shallow depths (less than 5 feet bgs). The location of Borehole B-1 is
likely to be the only location where this contamination extends up to the depth of 20 feet
bgs.

For explosives residues and perchlorate, it can be concluded that negligible
concentrations of explosives residues and perchlorate exist in IRP Site 1 soil up to a
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depth of 5 feet bgs. It is likely that Borehole B-1 is the only location where low
concentrations of explosives residues and perchlorate exist up to a maximum depth of 35
feet bgs.

— The radiological scan surveys and soil sampling indicated that occurrence and
distribution of Ra-226 at IRP Site 1 is consistent with the naturally occurring
background. Therefore, a site evaluation accomplished (SEA) recommendation was
made to remove the radionuclides from the list of COPCs at IRP Site 1.

Nature and Extent Groundwater Contamination. The following presents a summary of the nature
and extent of groundwater contamination at IRP Site 1 and in areas south of IRP Site 1, based on the
results from Stationwide groundwater monitoring, from the Verification of Perchlorate study, and
from the Phase 1 and Phase II evaluation of radionuclides in groundwater:

— Very few VOCs were detected at IRP Site 1 during Stationwide groundwater monitoring
and Tier I groundwater sampling events. The concentrations of detected VOCs were
generally low and below maximum contaminant levels (MCLs). This suggests that no or
negligible VOC contamination exists at IRP Site 1.

— SVOCs were detected in groundwater only sparingly and at very low concentrations
during the Stationwide groundwater monitoring, and only one SVOC was detected
during the Tier I groundwater sampling. This suggests that negligible concentrations of
SVOC contamination exist at IRP Site 1.

— Low concentrations of TPH-MO, TPH-D, and TPH-G were detected in groundwater at
some IRP Site 1 monitoring wells.

— Perchlorate concentrations in groundwater exceeding the EPA perchlorate drinking
water equivalent level (DWEL) of 24.5 micrograms per liter (ug/L) (EPA 2006) by over
one order of magnitude were observed in the central portion of IRP Site 1 in the
Northern EOD Training Range. An evaluation of historical operations and soil sampling
results indicates that this area is likely the source of perchlorate contamination for areas
located south (downgradient) of IRP Site 1, including the alluvial aquifer between IRP
Site 1 and IRP Site 2.

— Relatively high concentrations of perchlorate were reported in groundwater south of the
central source area, particularly in the area between IRP Site 1 and IRP Site 2 along the
western reach of Borrego Canyon Wash. Perchlorate is present predominantly in the
weathered bedrock at IRP Site 1; however, downgradient of IRP Site 1 perchlorate is
present both in the saturated alluvium and in the saturated weathered bedrock.

— The Phase I and Phase II radionuclide evaluations concluded that radionuclides in
groundwater at IRP Site 1 are naturally occurring and are not related to site activities.

Nature and Extent of Sediment Contamination. The COPCs detected in sediment samples
collected in the Ephemeral Pond in the northern portion of IRP Site 1 included toluene (a VOC) and
petroleum hydrocarbons. No SVOCs, polynuclear aromatic hydrocarbons (PAHs), explosives
residues, or perchlorate were detected in any sediment sample. Toluene was detected at low
concentrations at two sampling locations. Petroleum hydrocarbons detected in sediment samples
included low concentrations of TPH-MO, TPH-D, and TPH-G. None of the detected concentrations
of metals exceeded their U.S. EPA Region 9 residential or industrial PRGs, except arsenic, which
exceeded its residential PRG in all 19 sediment samples. However, none of the arsenic
concentrations were greater than its established background concentration of 6.86 mg/kg.

viii
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Nature and Extent of Surface Water Contamination. The following summarizes the nature and
extent of surface water contamination based on the surface water samples collected in the ephemeral
pond and in the western reach of Borrego Canyon Wash south of IRP Site 1 in January and February
2005:

— Acetone was the only VOC detected in any of the surface water samples, at a
concentration of 6 pg/L in both the Ephemeral Pond sample and in the stream sample. ~

— The only explosive residue detected in surface water samples was RDX. RDX was
detected in only one sample collected from the western reach of Borrego Canyon Wash
near Monitoring Well 01-MW207 at a concentration of 1 pg/L.

— Low concentrations of TPH-MO, TPH-D, and TPH-G were detected in three surface
water samples collected near the pond and western reach of Borrego Canyon Wash. The
maximum concentrations of TPH-MO, TPH-D, and TPH-G were 0.09 milligrams per
liter (mg/L), 0.08 mg/L, and 0.05 mg/L, respectively.

— SVOCs, PAHSs, and perchlorate were not detected in any surface water sample.

— Of the metals detected, aluminum, arsenic, barium, copper, iron, lead, and mercury
exceeded their National Recommended Water Quality Criteria or risk-based screening
values for aquatic life.

Human Health Risk Assessment (HHRA)

Surface and Subsurface Soil. The screening risk assessment (SRA) for surface and subsurface soil
(i.e., comparison of data to U.S. EPA Region 9 residential and industrial PRGs) resulted in
cumulative incremental cancer risks above the 10 point of departure. However, none of the
cumulative incremental cancer risks exceeded 10™. Arsenic is the carcinogenic risk driver in soil;
however, arsenic occurs naturally in soils at the site, and is present within background levels.
Noncancer hazard indices (HIs) for direct exposure to surface and subsurface soil range between 5
and 10 for the residential scenario and are near 1 for the industrial scenario. Antimony, thallium,
naphthalene, and 2-methylnaphthalene are the main contributors to the HI. However, the surface and
subsurface Hls are based on chemicals that are reported at a low detection frequency of less than 5
percent of the samples. Maximum detections of these compounds were used to estimate the
noncancer hazard. Indirect exposure to chemicals in soil that result from soil vapor migration into
potential buildings may result in a slightly higher noncancer hazard.

The surface soil (0 to 2 feet bgs) and the subsurface soil (0 to 10 feet bgs) do not pose a significant
risk for the construction worker, casual trespasser, or EOD Training Range supervisor exposure
scenario as incremental cancer risks and HIs are near or below the acceptable target levels of 1x107
and 1, respectively.

Ephemeral Pond Sediment. The SRA for sediment in the Ephemeral Pond used U.S. EPA Region 9
residential soil PRGs for comparison. The assessment resulted in cumulative incremental cancer
risks slightly above 1x10° for the residential scenario (but below the point of departure for the
industrial scenario), which is primarily driven by the presence of arsenic. The concentrations of
arsenic detected in sediment were less than those detected in surface and/or subsurface soil.

Groundwater. The SRA for exposure to groundwater resulted in cumulative incremental cancer
risks of 1x10” under a high-end or reasonable maximum exposure (RME) assumption. Under an
average exposure (or central tendency exposure [CTE]) assumption, cumulative incremental cancer
risks are 9x10~. Arsenic, benzene, trichloroethene (TCE), methylene chloride, and bis (2-ethylhexyl)
phthalate (BEPH) were reported above their respective U.S. EPA Region 9 tap water PRGs. The
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primary risk driver is TCE, which was only reported in the original groundwater sampling event in
January 2002. TCE was not reported in subsequent groundwater monitoring events. Although the
risk estimate for arsenic also exceeded 1x10%, the maximum reported concentration (4.4 pg/L) is
below the MCL of 5 pg/L. Estimated noncancer hazard indices from exposure to groundwater are
approximately 10 for both RME and CTE scenarios. Perchlorate is a significant contributor to this
hazard. TCE, thallium, chromium, and nickel slightly exceeded their tap water PRGs. Cumulative
incremental cancer risks for future offsite residents potentially residing near IRP Site 1 are
necessarily less due to groundwater mixing and potential biodegredation. The likelihood of
groundwater in the vicinity to be used for residential drinking water is unknown but expectedly low.
Groundwater was not evaluated in the site-specific risk-based evaluation since other site-specific
receptors are not expected to become significantly exposed to groundwater. '

The evaluation of potential vapor migration from groundwater through the soil column and into
indoor air resulted in estimated ILCRs for the resident that were within the risk management range of
107 to 10™. Noncancer hazard estimates were below the target HI of 1. The cancer risk estimate was
driven by TCE, for which the continued presence has not been confirmed.

Surface Water. The screening risk assessment for surface water used U.S. EPA Region 9 tap water
PRGs for comparison. The assessment resulted in cumulative incremental cancer risks of 3x107,
which is driven by arsenic. Only arsenic and RDX exceeded their respective tap water PRG. The
concentration of arsenic detected in surface water was less than detected in groundwater. Noncancer
HlIs for surface water are less than 1.

Summary of Human Health Risks. In summary, the cancer risk estimates are below or within the
EPA established risk management range of 10 to 10 for all media except groundwater. While the
cancer risk estimate for groundwater exceeds 1x10™ it is based on TCE, which has not been
confirmed in groundwater by subsequent groundwater monitoring events. Noncancer hazards for
groundwater exceed EPA's acceptable target hazard of 1. The majority of this risk is driven by the
presence of perchlorate, TCE, nickel, and thallium. Based on the data collected and their evaluation
in the risk assessment, further evaluation of groundwater may be necessary. Noncancer hazard
estimates for other media are generally near or below one; however, indirect exposure to chemicals
in soil that result from soil vapor migration into potential buildings could result in a slightly higher
noncancer hazard. Much of the noncancer hazard for this potential exposure pathway is based on
naphthalene which is infrequently detected.

Ecological Risk Assessment (ERA)

An ERA was conducted at JRP Site 1 to evaluate the potential threats to ecological receptors from
site-related COPCs detected above risk-based screening criteria. As a result of requests by regulators
and comments received on the Draft Screening ERA, (Earth Tech 2003), four additional terrestrial
species were added and the depth was increased from 0 to 2 feet to 0 to 6 feet bgs to represent the
bird and mammal feeding guilds present at the site. This evaluation now uses the ornate shrew, deer
mouse, and long-tailed weasel as representative mammals, and the western meadowlark, mourning
dove, and loggerhead shrike as representative birds. Additionally, to better represent potential
exposure of deep burrowing animals, it was requested that soil samples from 0 to 6 feet bgs be used
to represent surface soil conditions for ecological risk evaluation purposes, and that change has been
made.

Although potential risk to aquatic life in surface water at IRP Site 1 is indicated for two COPCs
(aluminum and barium) in the Ephemeral Pond, concentrations of these COPCs are not at levels that
are likely to elicit adverse effects to the ephemeral aquatic community present. The aquatic life
criteria that were used in the ecological Screening Risk Assessment (SRA) (Tier 1) and baseline
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ecological risk assessment (BERA) (Tier 2, Step 3a) comparisons are for all aquatic life and are
extremely conservative in nature. Given that ephemeral habitat species are well-adapted to
environmental extremes, and that a viable and reproducing aquatic community existed in the pond
during the 2005 sampling period, the conclusion is made that aluminum and barium do not pose risks
to these aquatic life receptors in the IRP Site 1 Ephemeral Pond.

Based on refined exposure assumptions for sediment in the BERA, ecological risk from exposure to
sediment at IRP Site 1 Ephemeral Pond does not present a significant threat of adverse effects to
benthic receptors.

The potential risks (i.e., Hazard Quotient [HQ]) to the representative wildlife receptors were
recalculated using Lowest Observable Effects Level (LOAEL)-based TRVs and reasonable
maximum exposure point concentrations (EPCs) (the lesser of the 95 percent Upper Confidence
Limit (UCL) of the mean estimated using the ProUCL software or the maximum reported
concentration). The Tier 2 HQs for all wildlife receptors only exceeded 1 for two COPCs that were
detected in more than 10 surface samples across the site (the minimum number of samples required
for calculation and use of a 95 .percent UCL). Calculated HQs for copper ranged from 2 to 3, and
calculated HQs for di-n-butylphthalate ranged from 1 to 3. The 95 percent UCLs for copper and di-n-
butyl phthalate are skewed upward by a single high detection in each data set. Comparison of the 95
percent UCLs for these two COPCs to their means suggests that the average EPC is overestimated,
and, thus the calculated HQ is overestimated for these two COPCs.

Additionally, HQs for representative receptors were calculated for COPCs that were detected in less
than 5 percent of samples using the maximum detected concentration because there were fewer than
10 detections for these chemicals. Only three of the COPCs had calculated HQs greater than 1;
calculated HQs for antimony ranged from 10 to 100, calculated HQs for total xylenes ranged from 7
to 50, and calculated HQs for 2,4-dinitrotoluene ranged from 8 to 10. The elevated HQs for antimony
were driven by the maximum concentration of 103 mg/kg (next highest 18.8 mg/kg) among 5
detections from 143 samples. The HQs for total xylenes were driven by the maximum concentration
of 98 mg/kg (next highest 5.4 mg/kg) among 3 detections from 168 samples. The HQs for 2,4-
dinitrotoluene were driven by the maximum concentration of 7 mg/kg (next highest 1.6 mg/kg)
among 6 detections from 147 samples. The HQs calculated for the three COPCs represent the
exposure at the locations of the maximum detection only and overestimates the average exposure
across the entire site and thus the risk to receptors across the entire site. Because of the low
frequency of detection and limited distribution of the three COPCs, exposure of wildlife to the three
COPCs are not likely to aversely effect wildlife populations at IRP Site 1.

The results of the ecological SRA and BERA evaluation suggest that the chemicals in soil are not
likely to adversely effect wildlife populations at IRP Site 1, although.some individual plant and
invertebrates, if co-located with maximum reported detections of the COPCs, may suffer from
adverse effects. No further evaluation to protect aquatic, benthic, or terrestrial ecological receptors at
IRP Site 1 is required.

Munitions and Explosives of Concern Risk Assessment

Based on the recovery of four safe-to-move MEC items in the Northern EOD Training Range, as
well as the recovery of 776 MD items from all four investigation areas (the Northern EOD Training
Range, Southern EOD Training Range, buffer zone, and Range perimeter) during the Munitions and
Explosives of Concern Range Evaluation study, it is estimated that there are less than 2 safe-to-move
energized MEC items present per acre at IRP Site 1. MEC risk was evaluated, based on the sampling
results, for all four areas, assuming that the overall land use within the four areas of IRP Site 1 will
remain consistent with past EOD training activities. Each area was evaluated using three risk factors

Xi
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- accessibility assessment, overall hazard assessment, and exposure assessment. The explosivity risk
would be higher for any activity that results in more land disturbance (such as future housing
development) than the like use scenario due to higher potential for encountering MEC items.

CONCLUSIONS

Data obtained during the Phase II RI were combined with data from previous investigations to
resolve the decision questions developed during the data quality objective (DQO) process in the
Phase II RI Work Plan. .

The following answers were obtained for the project Decision Questions. A more thorough
evaluation of the conclusions follows these answers:

1. Are the analytical data from shallow (less than 10 feet bgs) soil samples adequate to
characterize the risk, or are additional data required?

Yes, both the HHRA and the ERA were satisfactorily completed with the soil data that was
collected.

2. Has the lateral extent of the impacted shallow soil been defined or are additional data
required?

Yes, the results of the investigation indicated that the impacted shallow soil has been defined
and is located only in the central portion of the site.

3. Does the contamination extend beyond 10 feet bgs (i.e., is the vertical extent defined)?

Investigation results indicate with one exception, that COPCs are restricted to the shallow
soil (less than 5 feet bgs). At one location low concentrations of COPCs were present to a
maximum depth of 35 feet bgs; this is likely to be the only location where contamination has
affected deeper soil.

4. Do the existing groundwater monitoring wells adequately characterize impact to
groundwater or is there a need for additional wells?

Yes, existing groundwater monitoring wells adequately characterize impact to groundwater;
however, there may be a need for additional wells in support of the Feasibility Study (FS).

5. Is surface water runoff an exposure pathway?

Yes, surface water runoff is a potentially complete pathway during significant rain events,
based on observations made during the 2004-2005 winter season.

6. Have potential human and ecological receptors been identified, and are they likely to be at
risk for adverse health effects at this site?

Yes, all potential human and ecological receptors have been identified. Based on an
evaluation of the data conducted during the risk assessment, IRP Site 1 poses low risk to
human health; however, an elevated HI indicates that further evaluation of groundwater may
be warranted. The results of the SRA and BERA evaluation indicate that IRP Site 1 poses
low risk and no further evaluation is necessary to protect aquatic, benthic, or terrestrial
ecological receptors.
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7. Do the concentrations of target analytes in the Ephemeral Pond sediments (located in the
northern portion of IRP Site 1) exceed the established decision thresholds (for Riverside
fairy shrimp [a Federally-endangered species])?

Yes, the concentrations of target analytes in the Ephemeral Pond sediments exceed the
established decision thresholds. However, based on refined exposure assumptions for
sediment and water within the pond, it is concluded that aquatic and benthic organisms are
not at risk of adverse effects.

8. Do the data suggest that the perchlorate detected downgradient from IRP Site 1 is related 1o
IRP Site 1 releases?

Yes, the data suggests that the perchlorate detected downgradlent from IRP Site 1 is likely
related to IRP Site 1 releases.

Nature and Extent of Contamination

The soil investigations generated sufficient data to define the lateral and vertical extent of
contamination at IRP Site 1. These investigations indicate that low concentrations of VOCs, SVOCs,
explosives residues, hydrocarbons, and perchlorate are present at the site. For the most part, these
COPCs are below the U.S. EPA Region 9 residential and/or industrial PRGs, and are restricted to the
shallow soil (less than 5 feet bgs). However, at one location low concentration of the COPCs were
present to a depth of 35 feet bgs, which is likely to be the only location where contamination has
affected deep soil. The soil samples collected from the area in the vicinity of the proposed open burn
facility (related to the Resource Conservation and Recovery Act [RCRA] Part B Permit Application)
also indicated negligible contamination.

Negligible VOC, SVOC, and hydrocarbon contamination is present in IRP Site 1 groundwater. The
only significant contaminant in the IRP Site 1 groundwater is perchlorate. The highest concentrations
of perchlorate (exceeding its DWEL [EPA 2006] by over 1 order of magnitude) are present in the
groundwater in the central portion of IRP Site 1. In addition, relatively high concentrations of
perchlorate are present in groundwater south of IRP Site 1 and in the aquifer between IRP Site 1 and
IRP Site 2, particularly along the western reach of Borrego Canyon Wash.

RCRA Facility Closure

Consistent with agreements made during the preparation of the Phase II RI Work Plan (Earth Tech
2001a), this RI Report incorporates substantive requirements of the RCRA facility closure process
for the proposed Open Burn/Open Detonation (OB/OD) Unit at IRP Site 1. The Department of the
Navy (DON) maintains that activities conducted at Former EOD Training Range were not regulated
under RCRA.

The DON included a table cross-referencing the RCRA closure checklist into the final Phase II RI
Work Plan (Earth Tech 2001a). This table provides a cross-reference of where the substantive RCRA
closure requirements are addressed in the RI Report and subsequent Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA) documents. As indicated in a Department of
Toxic Substances Control (DTSC) letter dated 19 March 2001, closure and post-closure requirements
apply to the OB/OD Unit located within the investigation boundary (assumed to be the CERCLA
investigation). The RI encompasses the area shown in the Part A Permit Modification submitted by
the Marine Corps to EPA Region 9 in June 1988. The DON will continue to evaluate this area as an
integral component of the IRP Site 1 RI and will incorporate, as necessary, the substantive closure
and post-closure requirements into the response action process.
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Human Health Risk

To evaluate the risk for adverse health effects due to contaminants at IRP Site 1, a human-health
screening risk assessment was conducted for surface and subsurface soil, sediments, groundwater,
and surface water at the site. The HHRA conducted for surface and subsurface soil at IRP Site 1
indicates that health risks for a construction worker, casual trespasser, or EOD Training Range
supervisor are generally acceptable. Additionally, sediments in the Ephemeral Pond do not pose a
significant risk under any of the construction worker, casual trespasser, or EOD Training Range
supervisor exposure scenarios. While the risk estimate for groundwater exceeds 10, it is based on
the potential presence of TCE which was reported in groundwater only during the first monitoring
event. TCE has not been reported in groundwater during subsequent groundwater monitoring events
suggesting that current conditions are not represented by data collected historically. Noncancer
hazards for groundwater in the screening level evaluation are driven by perchlorate. However, it
should be noted that there is no current use of groundwater at the site and the future use of this
medium is believed to be unlikely.

In the site-specific risk-based evaluation, excess cancer risks for all receptors and considered media
were below the lower bound (107) of the cancer risk management range. The highest non-cancer HI
of 3 was calculated for the construction/utility worker potentially exposed to subsurface soil.
Considering the inherent protectiveness built into establishment of the reference dose (RfD), an HI
value of 3 is considered only marginally greater than 1.0.

Ecological Risk

An ERA was conducted at IRP Site 1 to evaluate the potential threats to ecological receptors from
site-related COPCs detected above risk-based screening criteria. The evaluation uses the ornate
shrew, deer mouse, and long-tailed weasel as representative mammals, and the western meadowlark,
mourning dove, and loggerhead shrike as representative birds. Soil samples from 0 to 6 feet bgs are
used to represent potential exposure of deep burrowing animals.

The results of the SRA Tier 1 and BERA Tier 2, Step 3a ecological risk evaluation indicates no
potential for adverse ecological effects to benthic organisms exposed to IRP Site 1 Ephemeral Pond
sediments or aquatic organisms exposed to surface water in the pond or in runoff. Surface water

chemicals were not found at concentrations that threaten adverse effects to the Riverside fairy

shrimp. Chemicals in soil are not likely to adversely effect wildlife populations at IRP Site 1,
although some individuals may suffer from adverse effects.

The results of the ecological SRA and BERA evaluation indicate no further evaluation is necessary
to protect aquatic, benthic, or terrestrial ecological receptors at IRP Site 1.

Munitions and Explosives of Concern

An explosives safety assessment was performed at IRP Site 1 to evaluate the risks due to MEC
contamination at the site. The explosive safety risk assessment concluded that due to the potential for
buried MEC, elevated risk is present at the Northern EOD Training Range, with slightly elevated risk
at the Southern EOD Training Range caused by potential for kick-outs.

Recommendations

On the basis of results from the human-health and MEC risk assessments performed for IRP Site 1, it
is recommended that an evaluation for conducting a response action for perchlorate-impacted
groundwater, as well as an evaluation for removal of MEC from soil be included in the remedial
alternatives evaluated in the FS for IRP Site 1. In addition, since the incremental cancer risk for

Xiv



—

December 2006 Final Phase Il RI, IRP Site 1 Executive Summary

naphthalene in soil falls in the risk management range of 10 to 10, it is also recommended that a
human-health-based removal of naphthalene-impacted soil from the central portion of IRP Site 1 be
included in the remedial alternatives evaluated in the FS. It is anticipated that a human-health-based
removal action conducted for naphthalene-impacted soil would also likely reduce ecological risk at
the site, and no further action would be required to further reduce risks to ecological receptors.
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1. Introduction

This Report documents the procedures and findings of the Phase II Remedial Investigation (RI)
conducted at Installation Restoration Program (IRP) Site 1, the Explosive Ordnance Disposal (EOD)
Training Range, at Former Marine Corps Air Station (MCAS), El Toro, California (Figure 1-1). This
Report is a primary deliverable required under a Federal Facility Agreement (FFA) signed in
October 1990 by the United States (U.S.) Marine Corps/Department of the Navy (DON), U.S.
Environmental Protection Agency (EPA) Region IX, California Department of Health Services (part
of which is currently the Department of Toxic Substances Control [DTSC]), and the California
Regional Water Quality Control Board, Santa Ana Region (CRWQCB). The investigation was
performed by Earth Tech Inc., on behalf of the Base Realignment and Closure (BRAC) Program
Management Office West and Naval Facilities Engineering Command Southwest (NAVFAC SW;
formerly abbreviated as SWDIV), as authorized by the Pacific Division Naval Facilities Engineering
Command under contract task order (CTO) no. 0072 of the Comprehensive Long-Term
Environmental Action Navy (CLEAN) II program, contract number N62742-94-D-0048. This
Report complies with the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA), as amended by the Superfund Amendments and Reauthorization Act of 1986, and the
National Oil and Hazardous Substances Pollution Contingency Plan (NCP) in 40 Code of Federal
Regulations (CFR) Part 300.

The Phase IT RI was performed in accordance with the Phase II RI Work Plan (Earth Tech 2001a)
finalized in November 2001, as well as Sampling and Analysis Plan Amendment No. 1 (Earth Tech
2004a), Sampling and Analysis Plan Amendment No. 2 (Earth Tech 2002), and Sampling and
Analysis Plan Amendment No. 3 (Earth Tech 2005) The following guidance documents were
extensively used in preparation of this Report:

* Guidance for Conducting Remedial Investigation (RI) and Feasibility Studies (FS) Under
CERCLA (Interim Final) — EPA Guidance (EPA 540-G-89-004) (EPA 1988)

* Department of the Navy Installation Restoration Program Manual (Draft), 2001 Update
(DON 2001a).

1.1 REPORT OBJECTIVES

The objectives of the Phase II RI were to further characterize the physical attributes of IRP Site 1,
including geology and hydrogeology, evaluate the nature and extent of contaminants, and assess risk
to human health and the environment. This Report presents the methods and conclusions of various
field investigations conducted as a part of Phase II RI investigation. The results of the Phase II RI
were combined with the results of previous studies at IRP Site 1 for comprehensive delineation of
the nature and extent of contamination at the site. The findings and conclusions of this Report will be
used to support the decision-making process for further courses of action in conjunction with future
land use.

The general approach of the Phase II RI was to conduct the field investigation in stages such that
each successive data collection activity was planned and conducted based on the results of the
preceding stage. In this way, the site characterization efforts were continually scoped to minimize the
collection of unnecessary data and maximize data quality. As described in the Phase II RI Work Plan
(Earth Tech 2001a), the scope of Phase II RI field activities was also defined based on the results of
previous investigations. This was done to ensure that the concerns and the areas of potential
contamination identified by the previous studies were adequately addressed.
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1.2 INTEGRATION OF RCRA CLOSURE REQUIREMENTS

Consistent with agreements during the preparation of the Phase II RI Work Plan (Earth Tech 2001a),
this RI Report incorporates substantive requirements of the Resource Conservations and Recovery
Act (RCRA) facility closure process for the proposed Open Burn/Open Detonation (OB/OD) Unit at
IRP Site 1. The DON maintains that activities conducted at the former EOD Training Range were
not regulated under the RCRA.

The DON included a table cross-referencing the RCRA closure checklist into the final Phase II RI
Work Plan (Earth Tech 2001a). This table provides a cross-reference of where the substantive RCRA
closure requirements are addressed in the RI Report and subsequent CERCLA documents. This table
is provided as Appendix A to this Report. As indicated in a DTSC letter dated 19 March 2001,
closure and post-closure requirements apply to the OB/OD unit located within the investigation
boundary (assumed to be the CERCLA investigation). The RI encompasses the area shown in the
Part A Permit Modification submitted by the Marine Corps to EPA Region 9 in June 1988. The DON
will continue to evaluate this area as an integral component of the IRP Site 1 RI and will incorporate,
as necessary, the substantive closure and post-closure requirements into the response action process.

1.3 SITE BACKGROUND

1.31 Site Description

Former MCAS El Toro is located in a semi-urban area of southern California, approximately 8 miles
southeast of Santa Ana and 12 miles northeast of Laguna Beach (see Figure 1-1). Former MCAS El
Toro covers approximately 4,738 acres. Land use around Former MCAS El Toro includes
commercial, light industrial, and residential. MCAS El Toro closed on 2 July 1999, as part of the
BRAC Act.

IRP Site 1 is located in the northeast portion of Former MCAS El Toro in the foothills of the Santa
Ana Mountains (see Figure 1-2). IRP Site 1 is situated within a tributary canyon of Borrego Canyon
Wash at elevations ranging from approximately 610 to 760 feet above mean sea level (MSL). IRP
Site 1 includes the Northern EOD Training Range (16.9 acres) and the Southern EOD Training
Range (16.6 acres) (BNI 1995).

1.3.2 MCAS EI Toro History

Initial work conducted by the DON at Former MCAS El Toro included an initial assessment study
during 1985 (NEESA 1986). This study identified 17 potentially contaminated sites at Former
MCAS El Toro, nine of which were recommended for confirmation, which included IRP Site 1.

Due to volatile organic compound (VOC) contamination at Former MCAS El Toro boundary and in
agricultural wells to the west, Former MCAS El Toro was added to the National Priorities List (NPL)
of the Superfund Program on 15 February 1990. The Marine Corps/DON signed a FFA in October
1990 with the EPA Region IX, DTSC, and the CRWQCB.

In March 1993, Former MCAS El Toro was placed on the list of military facilities scheduled for
closure under the BRAC act. A BRAC Cleanup Team (BCT), including representatives from
NFECSW SDIEGO, EPA, DTSC, and CRWQCB, was formed to oversee implementation of the
FFA.

Implementation of the FFA at Former MCAS El Toro included the following investigations and

studies: Air Quality Solid Waste Assessment Test (Air SWAT), Phase I RI, Phase II RI, and an FS.
Groundwater sampling is conducted Stationwide on a routine basis by the Navy.

1-2
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1.3.3 IRP Site 1 History

1.3.3.1 ExPLOSIVE ORDNANCE DISPOSAL ACTIVITIES AT IRP SITE 1

Training for EOD and detonation of munitions has been conducted at IRP Site 1 since 1952 (BNI
1995). Use of the EOD Training Range has been discontinued with the closure of Former MCAS El
Toro on 2 July 1999.

The majority of recent military EOD training took place at the Northern EOD Training Range. The
Southern EOD Training Range was used for EOD training by the Orange County Sheriff’s
Department and Federal agencies (BNI 1995). Several demolition pits, a range building, and a
former observation bunker constructed from metal ammunition cans are present at IRP Site 1. Many
of these metal cans were reported to be filled with the burned residue of disposed munitions such as
cartridge-actuated devices and 20 millimeter (mm) ammunition (USACE 1998).

Military ordnance used at the site included hand grenades, land mines, cluster bombs, smoke bombs,
and rocket warheads. Civilian and commercial explosives, such as dynamite, and plastic and
gelatinous explosives have been used at the EOD Training Range. Munitions were detonated in
trenches and pits, which were periodically filled with soil and then reexcavated. Limited historical
information suggests that rocket motors or Jet-Assisted Take-Off (JATO) units were disposed at IRP
Site 1. In 1982, approximately 2,000 gallons of sulfur trioxide chlorosulfonic acid (FS smoke) were
reportedly burned in trenches located in the northemn portion of the site. An estimated 300,000
gallons of petroleum fuels were burned during disposal from 1952 through 1993 (JEG 1993a).

In addition, there are unconfirmed reports that low-level radioactive material was disposed at the site
(NEESA 1986). Perchlorate was identified as a potential contaminant of concern at IRP Site 1 due to
its use in explosives and solid rocket propellants.

1.3.3.2 FEDERAL BUREAU OF INVESTIGATION TRAINING ACTIVITIES AT IRP SITE 1

For many years, the Department of Justice, Federal Bureau of Investigation (FBI) used IRP Site 1 for
training purposes (FBI2000). The following paragraphs summarize the FBI’s training and
emergency response operations.

Bomb Technician Training. Bomb technician training consisted of “hands on” explosive training
one day per month. Bomb technicians demonstrated proficiency in firing both an electrical and
nonelectrical charge. This training also included testing of new explosive products to determine their
applicability to EOD operations. Generally, this involved only a few ounces of the material, and
demolition was initiated off the ground on a hard target surface.

Post-Blast Investigation Training. Post-blast investigation training was held about four times per
year and emphasized the identification, location, access, and recovery of explosive devices and any
products surviving demolition. Various devices were detonated, and students secured and located,
collected, and identified the fragmentation and components from the devices to reconstruct the
devices.

Emergency Response Operations. The EOD Training Range at IRP Site 1 served as a technical
training area for the use and study of emergency explosive device responses. However, during
emergency response operations, the FBI periodically transported improvised explosive devices to
IRP Site 1 and rendered them safe either by disassembly or by the use of counter-charges. These
types of operations occurred intermittently when devices were located by the FBI or by local law
enforcement.

1-9
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1.3.3.3 PROPERTY TRANSFER AND PROPOSED REUSE

IRP Site 1 was originally going to be transferred to the FBI. Upon transfer, the FBI planned to use
the property for purposes similar to the past use for EOD training (Earth Tech 2001c). To
accommodate immediate use of a portion of the property, the DON planned to allow access and use
of an approximately 3.3-acre area in the southern portion of the site by the FBI prior to the
completion of the CERCLA process for the entire site. This area was to be made available to the FBI
immediately following transfer. Since that time, the Federal Aviation Administration (FAA) has
expressed interest in receiving the entire site and allowing the FBI to use the site for EOD training.

This investigation has been conducted by the DON to satisfy the requirements of the CERCLA
process and includes site characterization and evaluation of baseline risk to human health and the
environment. After completion of the CERCLA process, the Navy intends to transfer the site to a
landowner who will use the site similar to its past use.

1.4 PREVIOUS AND CONCURRENT INVESTIGATIONS

Various environmental investigations have been performed at Former MCAS El Toro, mostly as a
part of the CERCLA process. Table 1-1 briefly summarizes the studies pertinent to IRP Site 1 prior
to the Phase II RI and their salient findings. Table 1-2 summarizes the various studies associated
with the Phase II RI. Table 1-3 summarizes environmental studies at IRP Site 1 that were performed
concurrently with the Phase II RI activities.

The methods and procedures of the significant previous and concurrent investigations, which
influenced the scope of Phase II RI and defined the nature and extent of contamination at IRP Site 1
are described in the following sections. The description of the studies is divided into the following
categories:

— Geophysical Surveys

— Ordnance and Explosives Range Evaluation
— Ecological Evaluation

— Soil Investigations

— Groundwater Investigations

N
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Table 1-1: Summary of Previous Environmental Studies at IRP Site 1

Year Investigation/Study Objectives Scope Summary of Findings
1986 Initial Assessment Study Identify and assess sites at Former MCAS El The study focused on past hazardous Identified two 100-foot diameter pits.
(Brown and Caldwell 1986) Toro posing a potential threat to human health or | substance storage, use, and disposal practices | Approximately 2,000 gallons of drummed FS
the environment due to contamination from past | at Former MCAS El Toro. Operations occurring | Smoke were burned in 1982,
hazardous materials operations. at the time were investigated to determine what
types and quantities of chemicals or other
materials were used and the disposal methods
that were practiced Stationwide.
1991 Geophysical Survey Identify areas where training had occurred and Survey covered only parts of EOD Training Geophysical anomalies were identified
(JEG 1991) where potential buried materials exist. Range. Survey consisted of electromagnetic throughout the area surveyed based on EM
(EM) and ground-penetrating radar (GPR) techniques.
techniques.
1991 Site Analysis Analysis of aerial photography and assessment Analysis of past findings relative to disposal In 1952, trench activity and staining were
(EPA 1991c) of the site by attempting to locate potential activities. noted. Until 1991, possible contamination from
contamination sources. ordnance disposal, including low-leve!
radioactive wastes, was visible at the site.
1993 Phase I Rl Determine the nature and extent of Samptling consisted of the collection of four No further investigation was recommended
(JEG 1993a) contamination resulting from EOD Training surface soil samples and installation of two until base closure. Investigation results
Range and evaluate human health and downgradient monitoring wells (01-DGMW57 indicated that human health or ecological risk
ecological risks. and 01-DGMWS58). thresholds were not exceeded.
1993 Phase Il RI (Basewide) Further characterize potential impact to human No work proposed due to the continued Recommended further investigation at {RP Site
(JEG 1993b) health and environment at Former MCAS ElI operation of the EOD Training Range. 1 following the cessation of EOD training upon
Toro. closure of Former MCAS El Toro.
1993 Final Report Aerial Photograph Analysis of aerial photography to identify areas Detailed the findings of the sites located in The assessment concluded that additional
Assessment of environmental concern. several areas, and the areas of potential investigation was not recommended based on
(SAIC 1993) concern outside the boundaries. 1958 photographs. 1960 photographs showed
several stains and a trench with probable
liquid.
1998 Range Identification and Preliminary | Provide a historical baseline for Former MCAS El | The study compiled information required by the | A list of the types of munitions and their
Range Assessment Toro's active and inactive Ranges. Provide data Range Rule from existing sources (did not estimated quantities employed to destroy
(USACE 1998) needed for the initial steps of the Range Rule include sampling of the Ranges). unserviceable items was presented.
methodology. Unexploded ordnance (UXO) was estimated at
less than 1 per acre. Possibility of “kick-outs,”
or live munitions that are not destroyed, were
considered to be unlikely due to the tilling of
the Range grounds twice a year. For the past
few years, the Range areas were plowed up as
part of Range clearances. The depth of
munitions was estimated at approximately 18
inches or less, which is the approximate depth
of discing at the site.
1998 Stationwide Perchlorate Evaluation Evaluate the presence of perchlorate in

(BNI 1999a)

groundwater beneath Former MCAS El Toro.

Evaluation included sampling of existing
groundwater monitoring wells at IRP Site 1.

Evaluation revealed the presence of
perchlorate above the State Provisional Action
Level (PAL) (in effect in 1999) in one well (01-
MW?201) at IRP Site 1. Further evaluation of
IRP Site 1 was recommended.
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Year Investigation/Study Objectives Scope Summary of Findings
1999 Verification of Perchlorate Technical | Verify the presence of perchlorate in soil and Installed six groundwater monitoring wells (01- Investigation results confirmed the presence of
Memorandum groundwater beneath IRP Site 1. MW202 through 01-MW207) and collected perchlorate above the State and Federal PAL
(Earth Tech 2001b) , shallow and deeper soil samples. (in effect in 1999) in one wgll (01-MW201) and
. concluded that perchlorate in groundwater was
sglslt?r? gd wg;(ﬂ:rwgzl;:;r:: ée;:rggé‘hig:tgd probably localized near this well. All detected
’ concentrations of perchlorate in the soil were
below residential preliminary remediation goals
(PRGs).
1999 Geophysical survey from the Provide updated geophysical evaluation of Survey was conducted using EM techniques Several geophysical anomalies were detected.
northern portion of the EOD Training | buried debris at IRP Site 1. and focused on areas where detonation training | The largest anomaly, indicative of detonation
Range, Verification of Perchlorate occurred at IRP Site 1. pits, was detected in the northeast portion of
Technical Memorandum the Northern EOD Training Range. A number
of linear anomalies indicative of former
(Earth Tech 2001b) trenches were also detected in the Northern
EQOD Training Range.
1999 Technical Memorandum, Phase | Evaluate uranium isotopes in groundwater Uranium isotope analysis of groundwater Low radionuclide concentrations were reported
Radionuclide Evaluation at Former beneath landfill sites and IRP Site 1. samples collected. in samples from IRP Site 1. Further evaluation
Landfill Sites and the EOD Range using higher resolution methodologies was
(Earth Tech 2000) recgmme'nded to confirm the origin of detected
radionuclides.
1999 CERCLA Groundwater Monitoring Integrate all CERCLA groundwater monitoring The IRP Site 1 scope consisted of quarterly Based on the evaluation of groundwater
Plan for MCAS El Toro. and reporting conducted at MCAS El Toro since | water level measurements and annual sampling | sampling results for volatile organic
(BNI 1999b) 1992 into a well-defined scope of work, including | of existing monitoring wells for perchlorate compounds (VOCs) in existing wells at IRP
a preestablished set of analytical parameters for | analysis. Site 1 from 1992 to 1997, VOCs were
each IRP site. eliminated as target analytes.
2000 Historical Radiological Assessment Identify potential, likely, or known sources of Reviewed documents and available records. It was considered unlikely that general
(HRA) radioactive material and radioactive Interviewed former and current employees, radioactive material (G-RAM) was disposed at -
(Roy F. Wi contamination based on existing or derived conducted site visits, and obtained informal the IRP Site 1 EOD Training Range. However,
y F. Weston 2000) ) - P - . ]
information. radiation readings. IRP Site 1 was concluded to be potentially
impacted due to an unsubstantiated report of
low-level radioactive waste disposal and was
recommended for further investigation for
radiological release.
2000 Radiological Survey Plan Investigate selected buildings and areas Conducted field surveys of radiation readings at [ UXO Surface Sweep Work Package (follow-up
(Roy F. Wi (including IRP Site 1) at Former MCAS EIl Toro selected buildings and areas, using a field to Radiological Survey Plan) was submitted
y F. Weston, Inc. 2001) S . ; - p
for the presence of radiological anomalies, instrument to determine the isotope present. (March 2001).
based on findings from the historical radiological
assessment (HRA) (Roy F. Weston, Inc. 2001).
2001 Phase Il Stationwide Evaluation of Confirm whether radionuclides detected in In addition to selected wells at former landfill Concluded that origin of radionuclides detected
Radionuclides (Earth Tech 2001e) groundwater at Former MCAS El Toro are due to | sites, three wells within IRP Site 1 (01-MW201, in groundwater is natural.
anthropogenic or naturally occurring sources. 01-MW203, and 01-MW207) were sampled
during this investigation.
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Year Investigation/Study Objectives Scope Summary of Findings

2001 Environmental Baseline Survey, To update the Stationwide Environmental Environmental conditions at IRP Site 1 were IRP Site 1 can be transferred to another
IRP Site 1 Baseline Survey (EBS) and the environmental summarized based on the: (a) visual survey, (b) | Federal agency for like use after completion of
(Earth Tech 2001c) condition of the IRP Site 1 property, and to review of various studies performed at Former the requisite documentation in accordance with

provide information to facilitate the preparation of | MCAS El Toro pertinent to IRP Site 1, (c) DON protocol. The 3.3-acre area proposed for
an environmental summary document to enable geophysical survey and soil sampling performed | immediate use may be used immediately
the transfer of IRP Site 1 to another Federal in accordance with the Amendment to Draft following completion of the transfer process for
agency. Work Plan, Phase Il Rl (Earth Tech 2001d), to IRP Site 1, since the environmental condition
characterize the 3.3-acre area, located in the of this area has been evaluated for
southwestern portion of IRP Site 1, considered documentation purposes.
for immediate use by the FBI, following transfer
of the IRP Site 1 property.

2001 Federal Agency-to-Agency Property | To summarize the environmental condition of a The document was based on the IRP Site 1 The overall conclusion was, although the
Transfer Environmental Summary parcel of property, designated Parcel 5a2 (IRP EBS and findings of various environmental property potentially contains some level of
Document, IRP Site 1 Site 1) proposed to be transferred from the U.S. studies conducted at IRP Site 1. contamination, Parcel 5a2 can be transferred
(Earth Tech 2001d) Department of Navy to the Department of for like use, with the specified use restrictions,

Justice, FBI. and acceptable risk to human health and the
environment without interference with the
environmental restoration process.

Notes:

BNI = Bechtel National, Inc.

CERCLA = Comprehensive Environmental Response, Compensation, and Liability Act

DoD = Department of Defense

DON = Department of the Navy

Earth Tech = Earth Tech, Inc.

EBS = environmental baseline survey
EM = electromagnetic

EOD = explosive ordnance disposal
EPA = Environmental Protection Agency
FBI = Federal Bureau of Investigation

FS smoke = sulfur-trioxide chlorosulfonic acid

GPR = ground penetrating radar

G-RAM = general radioactive material

HRA = historical radiological assessment
IRP = [nstallation Restoration Program
JEG = Jacobs Engineering Group
MCAS = Marine Corps Air Station

PAL = provisional action level

PRG = preliminary remediation goal

RI = remedial investigation

SAIC = Science Applications International Corporation
USACE = United States Army Corps of Engineers

Uxo = unexploded ordnance

VOC = volatile organic compound

* = Range Rule Risk Methodology (R3M) — A process for managing, assessing, and communicating risk in closed, transferred, or transferring U.S. ranges (DoD 2000). Developed by representatives

from the DoD, EPA, and State and tribal regulatory authorities.
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Table 1-2: Summary of Phase Il Remedial Investigation

Year Investigation/Study Objectives Scope
1995 Phase Il RI/FS Work Plan Further characterize potential impact to human health and Three-tiered approach to investigate shallow and deeper
(BN1 1995) environment due to past EOD Training Range operations because subsurface soil and groundwater. Installed three monitoring
Phase | Rl soil sampling locations were not representative of areas | wells (01-MW101, 01-MW102, and 01-MW201).
used for active EOD training. Soil investigation was deferred until cessation of EOD
training.
2001 Phase Il Rl Workplan To establish baseline risk to human health and the environment. Tiered approach to field investigations for soil and
groundwater to further characterize the site conditions,
(Earth Tech 2001a) document the nature of contamination, and assess the risk
to human health and the environment.
2002 Munitions and Explosives of Concem Range Evaluation | To evaluate explosives safety risk at IRP Site 1 (due to remnant Evaluation included characterization of the types of MEC
(Earth Tech 2002) munitions and explosives of concern (MEC) items originating from and the location and depth of MEC at the site.
past EOD training) using procedures consistent with the
Department of Defense’s Range Rule Risk Methodology (R3M)
Interim Procedures Manual (DoD 2000).
2002 Amendment No. 2 to Phase Il Rl Work Plan (Earth Tech | To evaluate the extent of groundwater perchiorate contamination Sixteen piezometers (2-inch monitoring wells) were installed
2002) beneath IRP Site 1, as well as to evaluate the groundwater gradient | within IRP Site 1, as well as south of IRP Site 1, between
directions in the northern portion of IRP Site 1. IRP Site 1 and IRP Site 2. Groundwater samples were
collected from all piezometers, as well as selected
previously-existing wells, for 5 rounds.
2004 Sampling and Analysis Plan Amendment No. 1 to Phase | To determine risk to Riverside fairy shrimp due to Navy activities Sediment samples were collected from 21 locations, and
Il RI Worlk Plan (Earth Tech 2004a) near the Ephemeral Pond in the northern portion of the Northern analyzed for various chemical groups.
EOD Training Range.
2005 Sampling and Analysis Plan Amendment No. 3 to Phase | To evaluate perchliorate contamination in the areas south of IRP Thirty-one boreholes were advanced in the area south of
1l Rl Work Plan (Earth Tech 2005) Site 1, between IRP Site 1 and IRP Site 2. IRP Site 1; continuous cores were collected from all
locations. Twenty-three shallow and seventeen bedrock
groundwater samples were collected using Hydropunch™
technology.
Notes:
BNI = Bechtel National, inc.
DoD = Department of Defense

Earth Tech = Earth Tech, Inc.

EOD = explosive ordnance disposal

FS = feasibility study

IRP Installation Restoration Program
MEC munitions and explosives of concern
RI = remedial investigation

R3M = Range Rule Risk Methodology
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Table 1-3: Summary of Concurrent Environmental Studies at IRP Site 1

Year Investigation/Study Objectives Scope Summary of Findings
1992 Stationwide Groundwater To conduct groundwater monitoring for all The scope pertinent to IRP Site 1 included VOCs and semivolatile organic compounds (SVOCs)
through | Monitoring (CDM 1997 the Installation Restoration Program (IRP) sampling and analysis for perchlorate and/or were detected at very low frequencies and
August through 2004) Sites at Former MCAS El Toro. VOCs in groundwater samples from the concentrations in the samples from some of the IRP Site
2005 Monitoring Wells, 01-DGMW57, 01-DGMW58, 1 monitoring wells. Perchlorate was repeatedly detected
01-MW101, 01-MW102, and 01-MW201.. above the California public health goal of 6 micrograms
per liter (ug/L) in the samples from the Monitoring Well
01-MW201.
2001 Radiological Release Report To evaluate if release of Ra-226 has Conducted radiological scan surveys and soil Based on the resuits of the scan surveys, soil sampling,
through | (Weston 2006) (The draft occurred at IRP Site 1. sampling to evaluate extent of Ra-226. Risk risk screening, and dose assessment, it was concluded
2006 version of this document is and dose were estimated due to exposure to that occurrence and distribution of Ra-226 at IRP Site 1
currently being reviewed by detected concentrations of Ra-226. is consistent with background. Therefore, Site
the regulatory agencies) Evaluation Accomplished (SEA) recommendation was
made for IRP Site 1. This recommendation removes
radionuclides from the list of chemicals of potential
concern (COPCs) at IRP Site 1 and further
consideration under CERCLA.
2003 Base Realignment and Current summary information on the status of and strategies for the cleanup of Former MCAS IRP Site 1: Environmental Condition of Property was
Closure Business Plan (DON El Toro. categorized as Environmental Condition of Property
2003) (ECP) Type 6. ECP Type 6 means areas of known
contamination where required response actions have
not been implemented.
Notes:
pg/L = microgram per liter
CDM = Camp Dresser & McKee
CERCLA = Comprehensive Environmentat Response, Compensation, and Liability Act
COPC = chemical of potential concern
DON = Department of the Navy
ECP = Environmental Condition of Property
IRP = Installation Restoration Program
MCAS = Marine Corps Air Station
Ra-226 = radium 226
SEA = site evaluation accomplished
SVOoC = semivolatile organic compound
VvOC = volatile organic compound
Weston = Roy F. Weston




N

N

M60050_003916
MCAS EL TORO
SSIC NO. 5090.3.A

PAGE NO. 1-18

THIS PAGE IS INTENTIONALLY LEFT BLANK



December 2006 Final Phase Il RI, IRP Site 1 Introduction

1.41 Geophysical Surveys

Several geophysical surveys have been conducted at IRP Site 1 to identify subsurface anomalies
indicative of buried wastes or buried munitions. The first geophysical survey at IRP Site 1 was
performed in 1991 (JEG 1991) (Phase I Geophysical Survey). This survey covered 16.7 acres and
involved the use of electromagnetic (EM) and ground-penetrating radar (GPR) methods. A large
portion of the EOD Training Range was not investigated during this survey. Figure 1-3 shows the
boundary of this survey grid.

As a part of the Verification of Perchlorate study (Earth Tech 2001b) (see Table 1-1) and a
Munitions and Explosives of Concern (MEC) clearance/avoidance exercise, a second geophysical
survey (Phase II Geophysical Survey) was performed at IRP Site 1 during October and November
1999. This survey was conducted using an EM-61 electromagnetic instrument. Data were collected
along an approximately 500-foot by 600-foot grid at traverses.spaced 3 feet apart. Figure 1-3 shows
the boundary of the survey grid.

The third geophysical survey was performed at IRP Site 1 as a part of the Ordnance and Explosives
Range Evaluation (Earth Tech 2002) (Table 1-2). This survey was conducted using two Geonics,
Ltd., EM-61 Mk2 High Sensitivity Metal Detectors at four areas: Northern EOD Training Range,
Southern EOD Training Range, Buffer Zone (a 40.1-acre area immediately surrounding the Northern
and Southern EOD Training Ranges), and the Range Perimeter (defined by the security fence).
Digital geophysical data were collected along three transects radiating from the Northern and
Southern EOD Training Ranges, and along a 3-foot-wide swath around the inside perimeter of IRP
Site 1 (Figure 1-4).

In addition to the above-mentioned surveys, a geophysical survey was conducted to investigate the
3.3-acre area located in the southern portion of IRP Site 1. This survey was conducted in September
2000 to identify subsurface anomalies that would be indicative of any buried MEC and other metallic
debris associated with past EOD training.

The findings of all the above-mentioned geophysical surveys are presented in Section 4.1 of this
Report.

14.2 Range Evaluation for Munitions and Explosives of Concern

A Range Evaluation for MEC was performed concurrent with the Phase II RI field activities (Earth
Tech 2002). The scope of this investigation was to evaluate explosives safety risk at IRP Site 1 (due
to remnant MEC items originating from past EOD training) by characterizing the types, locations
and depths of MEC at the site. The following sections describe the field activities conducted as a part
of MEC Range Evaluation while the results are presented in Section 4.2.

1.4.2.1 FIELD INVESTIGATION ACTIVITIES

Field investigation activities in support of the Range Evaluation for MEC were initiated in January
2002 and concluded in April 2002. Four areas were investigated: the Northern EOD Training Range,
the Southern EOD Training Range, the Buffer Zone, and the Range Perimeter (Figure 1-4).

Northern and Southern Explosive Ordnance Disposal Training Ranges

Both Northern and Southern EOD Training Ranges were divided into twelve 1-acre grids, and grids
with the highest densities of anomalies (based on geophysical surveys) were selected for
investigation. A total of nine grids were selected in both the Northern and Southern EOD Training
Ranges for investigation.
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Buffer Zone

The 40.1-acre area immediately to the northwest, north, and southwest of the impact area (Northemn
and Southern EOD Training Ranges) was referred to as the “buffer zone.” Transects were established
to characterize the Buffer Zone. These transects were approximately 25 feet wide and originated
from a central area of the Northern EOD Training Range, radiating outward toward the site boundary
in all directions, at 15-degree intervals (where feasible).

Range Perimeter

The security fence enclosing IRP Site 1 served as a boundary and the Range Perimeter. One hundred
percent of the Range Perimeter was surveyed to evaluate the kick-outs.

Total acreage investigated was determined using the Unexploded Ordnance (UXO) Calculator, a-

statistical tool developed by the U.S. Army Engineering and Support Center, Huntsville, Alabama,
using the test density of 0.5 MEC per acre. For each of the four areas investigated, a surface survey,
a geophysical survey, and subsurface MEC sampling were conducted.

Surface Survey. A Surface Survey was conducted to identify and remove any near-surface MEC
and Munitions Debris (MD) and metallic debris larger than 1-inch by 2 inches that would interfere
with geophysical mapping or be a physical hazard for the field crew.

A Surface Survey was also performed at each of the pothole locations to be investigated during the
intrusive MEC investigation to identify and remove any near-surface MEC or MD that may interfere
with the geophysical equipment.

Geophysical Survey. A geophysical survey was conducted at four areas: the Northern and Southern
EOD Training Ranges, Buffer Zone, and Range Perimeter, as a part of the MEC Range Evaluation
(see Section 1.4.1). The purpose of the survey was to identify subsurface anomalies indicative of
buried wastes or buried munitions, for intrusive MEC investigation.

Intrusive Munitions and Explesives of Concern Investigation. An Intrusive MEC Investigation
was performed at the locations of subsurface anomalies identified in the geophysical surveys (Figure
1-5). Subsurface MEC sampling was conducted at 99 pothole locations in the Northern and Southern
EOD Training Ranges. Seventy-three of these locations were identified from the geophysical survey
conducted during the Verification of Perchlorate study performed in 1999, and 26 were identified
during the geophysical survey conducted during the MEC Range Evaluation in 2002. An additional
95 locations were intrusively investigated in the Buffer Zone, and 89 discrete geophysical anomalies
in the Range Perimeter were investigated.

1-20
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14.3 Soil Investigations

Prior to the Phase II R, soil investigations were conducted at IRP Site 1 as a part of Phase I RI,
Verification of Perchlorate study (Earth Tech 2001b), an investigation of the 3.3-acre area located in
the southern portion of the site in support of the site-specific Environmental Baseline Survey (EBS)
(Earth Tech 2001c), and radiological characterization of IRP Site 1. The following sections present
the methods and procedures for these investigations while the results are presented in Section 4.3.

1.4.3.1 PHASE | REMEDIAL INVESTIGATION

A Phase 1 RI was conducted at Former MCAS El Toro which included the collection of four surface
soil samples at IRP Site 1 (01-GN1 through 01-GN3, 01-UGS) (JEG 1993a). Soil samples were
collected at depths up to 6 inches below ground surface (bgs) at locations shown on Figure 1-6.
Three samples were collected at randomly selected locations within the EOD Training Range, and
one was collected upgradient of the site. All samples were analyzed for VOCs, semivolatile organic
compounds (SVOCs), total recoverable petroleum hydrocarbons (TRPH), total fuel hydrocarbons -
(TFH), target analyte list (TAL) metals, general chemistry, and dioxins/furans.

1.4.32 VERIFICATION OF PERCHLORATE

As a part of Verification of Perchlorate study (Earth Tech 2001b), three types of soil samples were
collected to assess potential contaminant sources:

1. Subsurface samples (5 feet bgs to 35 feet bgs) during the installation of Monitoring Wells
01-MW202, 01-MW203, 01-MW204, 01-MW205, 01-MW206 and 01-MW207.

2. Shallow samples (1.5 feet bgs to 4.5 feet bgs) at anomalous locations identified by the
Phase 1 geophysical survey (see Section 1.4.1).

3. Surface samples from topographic depressions.

Fifty-five soil samples were collected during well borehole drilling in accordance with CLEAN
Standard Operating Procedure (SOP) 4, Soil Sampling (BNI 2002) of which 11 were analyzed for
perchlorate. The soil samples were collected in stainless steel sleeves, using a split-spoon sampler at
depth intervals of 5 feet. At the prescribed sampling interval, the sampler was attached to a drive rod
and driven 18 inches into undisturbed soil below the lead auger, with a 140-pound slidehammer.
Sampling equipment was thoroughly decontaminated before each use by washing with a detergent
solution and double rinsed with potable and deionized water.

Twenty-eight shallow soil samples (and one duplicate) were collected from depths of approximately
1.5 feet to 4.0 feet bgs at anomalies identified by the Phase 1 geophysical survey (see Section 1.4.1).
The samples were collected at shallow depths to identify potential perchlorate sources in the soil
using a hand auger, in accordance with CLEAN SOP 4, Soil Sampling (BNI 2002). Samples
analyzed for perchlorate, metals, total petroleum hydrocarbons (TPH), SVOCs, explosives residues,
and dioxins/furans were collected in glass jars. Samples collected for VOC analysis were collected
using an En Core sampling device.

Three surface samples were collected at topographic depressions to evaluate the presence of
contaminants deposited by surface runoff. The samples were collected with a stainless steel trowel
and placed into glass jars in accordance with CLEAN SOP 4, Soil Sampling (BNI 2002). These
samples were analyzed for negative log of the hydrogen ion concentrations (pH) and perchliorate.
Figure 1-6 presents the locations of the soil samples.
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1.4.3.3 ENVIRONMENTAL BASELINE SURVEY SOIL INVESTIGATION

Soil sampling was conducted at the 3.3-acre area in the southern portion of IRP Site 1 in February
2001 in support of the Site-Specific EBS (Earth Tech 2001c). Direct-push samples were collected at
17 locations at depths of 1.5 feet and 5 feet bgs. A total of 34 soil samples and 4 duplicates were
collected at 17 locations evenly distributed over the established study grid (Figure 1-7).

Samples were collected in accordance with CLEAN I SOP 4 (BNI2002) using a California-
modified split-spoon sampler lined with three 6-inch-long brass sleeve liners. Soil from the first (or
leading) sample liner from each depth interval was submitted for analysis of VOCs in accordance
with EPA Method 8260. Six disposable En Core® samplers provided by the laboratory were used to
collect aliquots for VOC analyses. The sample liner containing the remaining soil was sealed with
Teflon paper and plastic caps and retained for dioxins/furans analysis. Soil from the second liner was
used for the remaining suite of target analytes. All sample containers were labeled and preserved in
an ice-filled cooler for delivery to a fixed-base laboratory under chain-of-custody procedures in
accordance with CLEAN II SOP 10 (BNI 2002).

Analytes that were characteristic of releases during EOD operations served as chemicals of potential
concern (COPCs) including metals, general chemistry, explosives residues, VOCs, SVOCs,
dioxins/furans, and petroleum hydrocarbons. Samples submitted for analysis of dioxins/furans were
selected based on the detection of other target analytes. Although SVOCs were reported below
detectable levels, a total of five samples (LE003, LE009, LE010, LE025, and LE027) were submitted
for dioxin and furan analysis based on the detection of TPH as diesel (TPH-D) and TPH as motor oil
(TPH-MO).

1.4.3.4 RADIOLOGICAL CHARACTERIZATION OF IRP SITE 1

Historical Radiological Assessment

The radiological evaluation at IRP Site 1 began with the Stationwide Historical Radiological
Assessment (HRA) conducted for Former MCAS El Toro in 1999 and 2000 (Weston 2000). A HRA
was prepared for Former MCAS El Toro addressing general radioactive material (G-RAM),
including Radiological Affairs Support Program (RASP) material, and unregulated consumer
products. The objectives of this HRA were to: '

* Identify potential, likely, or known sources of radioactive material and radioactive
contamination based on existing or derived information and identify sites that need further
action as opposed to those posing no threat to human health.

* Assess likelihood of contaminant migration.’
» Provide initial classification of the sites or survey units as impacted or non-impacted.

The HRA included the review of Navy, Former MCAS El Toro, and NAVFAC SW correspondence,
historical files and related reports, personnel interviews, site inspections, and limited informal
surveys.

Radiological Survey and Investigative Actions at IRP Site 1

The HRA classified IRP Site 1 as potentially radiologically impacted and recommended it for further
radiological investigation. Subsequent to the issuance of the HRA, onsite radiological
characterization surveys and sampling were conducted at IRP Site 1 between June and October 2001.
These investigations were performed in accordance with the Radiological Survey Plan for Former
MCAS El Toro (Weston 2001) and the results have been documented in the Draft Radiological
Release Report, Former Explosive Ordnance Disposal (EOD) Range — IRP Site 1, Defense
Reutilization and Marketing Office (DRMO) Yard 3, Nuclear, Biological & Chemical (NBC)
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Complex, including Aerial Photograph Anomaly (APHO) 38 and Paved Area South of Building 295,
Former Marine Corps Air Station (MCAS) El Toro, CA (Weston 2006).

Radiological investigations at IRP Site 1 included radiological scan surveys and soil sampling. The
radiological scan surveys were conducted using a multi-detector array mounted on a tractor-drawn
trailer (8 detectors) and performing a high-density scan. For areas where access did not permit the
use of the eight-detector array, a surveyor, carrying a single detector, performed scan and/or
stationary surveys. The instruments used for the surveys were portable scaler/ratemeters equipped
with sodium iodide (Nal) crystal scintillation probes; i.e., 2-inch by 2-inch (unshielded) and/or 3-
inch by 3-inch (shielded) detectors, for gamma detection. When elevated gamma scan measurements
were encountered, a soil sample was collected from that location and analyzed for Ra-226 in the
laboratory.

The majority of the IRP Site 1 area was surveyed using the eight-detector, high-density process with
700,228 radiation readings taken. In addition, 9,787 data readings were recorded using a single
detector. A total of 28 soil samples were collected and sent to a certified laboratory for Ra-226
analyses (Weston 2006). If, during sampling, a radiological anomaly was encountered, it was
collected, visually inspected, counted for radiation level, and sealed inside double plastic bags.

Station background radiation levels, measured in reference areas, were used as the basis for
determining comparative natural background radiation levels at IRP Site 1. Non-impacted reference
areas were selected from locations with similar characteristics (chemically, physically, biologically,
and geologically) to IRP Site 1. The reference areas were separate from the IRP Site 1 and were
located upgradient or cross-gradient from the site.

The following criteria were used to evaluate whether a release of Ra-226 occurred at IRP Site 1:

* Radionuclide Concentration — The site release level, as defined in Multi-Agency Radiation
Survey and Site Investigation Manual (MARSSIM) (EPA 2000a), is known as derived
concentration guideline level (DCGL). Based on the discussions with EPA and the
California Department of Health Services (CDHS) the Navy established the DCGLy, for Ra-
226 at 1 picocurie per gram (pCi/g) above background.

* Radiological analyses performed on 15 background reference area soil samples collected
throughout Former MCAS El Toro yielded a mean background soil concentration for Ra-226
of 1.05 pCi/g. Using a DCGLy, of 1 pCi/g above the mean background, the total Ra-226
DCGL for the Station was therefore set at 2.05 pCi/g.

* Dose — Residual radioactivity (due to Ra-226) that is distinguishable from background
radiation results in a total effective dose equivalent (TEDE) to an average member of the
critical group (residential receptor) that does not exceed 25 millirem per year (mrem/year),
and that the residual radioactivity has been reduced to levels that are as low as reasonably
achievable (ALARA) (Title 10 CFR Section 20.1402).

* Risk — Residual Ra-226 corresponds to the NCP defined carcinogenic risk management
6 4 . . . . . . . .
range of 10™ to 10”. Consideration of uncertainties, including inherent spatial and
measurement variabilities in Ra-226 concentrations, and uncertainties in risk assessment,
indicate that the level of Ra-226 exposure at the sites is in the range of background for a
residential receptor.

The radiological surveys at IRP Site 1 were designed considering the DCGL for Ra-226 of 1 pCi/g
above the mean value of the background measurements. This DCGL was also used for statistical
evaluation of the radiological investigation data to assess if a release of Ra-226 had occurred.
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Screening level risk and dose assessments were conducted to quantify adverse human health effects
associated with exposure to Ra-226 at IRP Site 1. The risk screening consisted of calculation of
incremental risk to a residential receptor due to exposure to average concentration of Ra-226 above
background, using EPA’s Preliminary Remediation Goal (PRG) Calculator for radionuclides (EPA
2004a). The dose assessment was conducted by calculating the TEDE for a residential receptor using
the Nuclear Regulatory Commission (NRC) and Department of Energy (DOE) Residual Radiation
(RESRAD) Program, Version 6.3 dose modeling software, default “Resident Farmer” scenario.

14.4 Groundwater Investigations

Prior to the Phase I RI, groundwater sampling and analysis was conducted at IRP Site 1 as a part of
Stationwide groundwater monitoring, the Phase 1 RI (JEG 1993a), the Stationwide perchlorate
evaluation (BNI 1999a), the Verification of Perchlorate study (Earth Tech 2001b), and the
Radionuclide Investigation (Earth Tech 2000).

1.4.4.1 STATIONWIDE GROUNDWATER MONITORING

Nineteen rounds of groundwater sampling have been conducted at Former MCAS El Toro from 1992
until March 2004, to provide an evaluation of Stationwide groundwater quality and groundwater
elevation data. The IRP Site 1 monitoring wells that have been sampled during these sampling events
include 01-DGMW57, 01-DGMW58, 01-MW101, 01-MW102, and 01-MW201. Following
sampling round 11 in July-August 1999, only one IRP Site 1 monitoring well (01-MW201) has been
sampled. The groundwater samples collected during Stationwide sampling were analyzed for VOCs,
SVOCs, explosives residues, and/or perchlorate (CDM 1997a, b, c; 1998; 2000a, b; 2001a, b; and
2002a, b).

1.4.4.2 PHASE 1 REMEDIAL INVESTIGATION

Two groundwater monitoring wells, 01-DGMW57 and 01-DGMWS58, were installed as a part of the
Phase 1 RI (JEG 1993a). Groundwater samples were collected from these monitoring wells and were
analyzed for VOCs, SVOCs, TRPH, TPH, metals, pesticides/polychlorinated biphenyls (PCBs),
general chemistry, dioxins/furans, and gross alpha and gross beta.

1.4.4.3 STATIONWIDE EVALUATION OF PERCHLORATE IN GROUNDWATER

A Stationwide evaluation (which included IRP Site 1) for the presence of perchlorate in the
groundwater was conducted during 1998. In October 1998, groundwater monitoring wells at IRP Site
1 (01-DGMWS57, 01-MW101, and 01-MW201) were sampled and analyzed for perchlorate. The
results of the investigation were presented in the Draft Evaluation of Perchlorate in Groundwater
(BNI 1999a).

1.4.4.4 VERIFICATION OF PERCHLORATE STUDY

A perchlorate verification study was conducted at IRP Site 1 during 1999 (Earth Tech 2001b). Six
groundwater monitoring wells (01-MW202, 01-MW203, 01-MW204, 01-MW205, 01-MW206, and
01-MW207) were installed and sampled for perchlorate.

1.44.5 RADIONUCLIDE INVESTIGATION

A Phase I evaluation of radionuclides was conducted at IRP Site 1 and four former landfills (IRP

Sites 2, 3, 5, and 17) at Former MCAS El Toro during October and November 1999 (Earth Tech

2000). Groundwater samples were analyzed for gross alpha and gross beta emissions, uranium®*,

. . 38 . . B . . . .
uramum235, uranium®®, thorlumzzs, thorium?, thorlumm, rad1um226, radlumm, leadm, amerlclumm,
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and strontium®. A total of 17 monitoring wells were sampled, which included three IRP Site 1
monitoring wells (01-MW201, 01-MW203, and 01-MW207).

Due to the low radionuclide concentrations and analytical uncertainty associated with the laboratory
method used (American Society for Testing and Materials [ASTM] Method D3972), the isotope
evaluation conclusions from the data obtained during the above-mentioned radionuclide study were
not definitive. Therefore, to verify that the radionuclides at Former MCAS El Toro are naturally
occurring a Phase II evaluation of radionuclides in groundwater was conducted in January 2001
(Earth Tech 2001e). In addition to IRP Site 1, this study included evaluation of groundwater at four
former landfills (IRP Sites 2, 3, 5, 17) and the on-Station portion of the VOC (primarily
trichloroethene [TCE]) plume at IRP Sites 18 and 24. Samples were collected from 23 monitoring
wells, which included three IRP Site 1 monitoring wells (01-MW201, 01-MW203, and 01-MW207)
using low-flow sampling procedures. These samples were analyzed for uranium®*® to uranium®”’
ratio, uranium isotopes (uranium>>’, uranium®® and uranium®®), isotopic hydrogen, oxygen, and
tritium, and general chemistry parameters including calcium, magnesium, sodium, chloride, sulfate,
and alkalinity.

1.5 REPORT ORGANIZATION

This Report conforms to the suggested RI report format provided in the Guidance for Conducting
Remedial Investigations and Feasibility Studies Under CERCLA (EPA 1988). The description of the
organization of this Report into ten sections and eight appendices is provided as follows:

Section 1 — Introduction to the RI Report including purpose of the Report, site background and
overview of previous investigations

Section 2 — Discussion of the project activities conducted as a part of Phase II RI including the Phase
H RI approach and sampling rationale

Section 3 — Description of the physical characteristics of IRP Site 1

Section 4 — Discussion of the nature and extent of contamination based on the data obtained from the
Phase II RI activities and other previous investigations

Section 5 — Contaminant Fate and Transport

Section 6 — Methods and Findings' of the Human Health Risk Assessment

Section 7 — Methods and Findings of the Ecological Risk Assessment

Section 8 — Methods and Findings of the Munitions and Explosives of Concern Risk Assessment
Section 9 — Summary and Conclusions

Section 10 — References

Appendix A — CERCLA Documentation Process and RCRA Facility Closure Comparison
Appendix B — Borehole and Interpretive Logs

Appendix C — Munitions and Explosives of Concern Range Evaluation Technical Memorandum
Appendix D - IRP Site 1 Explosive Safety Submission

Appendix E — Analytical Results

Appendix F — Validation Reports

Appendix G — Human Health Risk Assessment Tables

Appendix H — Ecological Risk Assessment
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Appendix I — Responses to Comments Received on Draft and Draft Final RI Report
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2. Study Area Investigation

Various field investigations were conducted at IRP Site 1 as part of the Phase II RI to collect data
pertaining to soil and groundwater contamination at the site. Section 2.1 presents the rationale for the
design of these investigations, and Section 2.2 presents the methods and procedures for these
investigations.

2.1 SAMPLING DESIGN RATIONALE

The Phase II RI field activities were designed to address the data quality objective (DQO) decisions
presented in the Phase II RI Work Plan (Earth Tech 2001a), Sampling and Analysis Plan Amendment
No. 1 (Earth Tech 2004), Amendment No. 2 to Work Plan (Earth Tech 2002), and Sampling and
Analysis Plan Amendment No. 3 (Earth Tech 2005). The basic decision questions for this study were:
Does the site pose an unacceptable risk to human health or the environment? Is a remedial response
consistent with CERCLA and the Navy’s IRP/BRAC process required?

To resolve the principal study question, the following decision questions were considered in the
Phase II RI Work Plan:

1. Are the analytical data from shallow (less than 10 feet bgs) soil samples adequate to
characterize the risk, or are additional data required?

2. Has the lateral extent of the impacted shallow soil been defined or are additional data
required?

Does the contamination extend beyond 10 feet bgs (i.e., is the vertical extent defined)?

4. Do the existing groundwater monitoring wells adequately characterize impact to
groundwater or is there a need for additional wells? '

5. Issurface water runoff an exposure pathway?

6. Have potential human and ecological receptors been identified, and are they likely to be at
risk for adverse health effects at this site?

The following decision question was considered in the Sampling and Analysis Plan Amendment No.
1 (Earth Tech 2004):

1. Do the concentrations of target analytes in the Ephemeral Pond sediments (located in the
northern portion of IRP Site 1) exceed the established decision thresholds (for Riverside
fairy shrimp [a Federally-endangered species])?

The following decision question was considered in the Sampling and Analysis Plan Amendment No.
3 (Earth Tech 2005):

1. Do the data suggest that the perchlorate detected downgradient from IRP Site 1 is related to
IRP Site 1 releases?

The sampling design for the Phase II RI was developed based on both probability and judgmental
sampling, to address the preceding decision questions. The field investigation activities were
performed in accordance with the Phase II RI Work Plan (Earth Tech 2001a) and subsequent
amendments to the Work Plan (Earth Tech 2002, 2004, and 2005). Any deviation from the sampling
design and Field Sampling Plan presented in the Phase II RI Work Plan (Earth Tech 2001a), along
with the rationale for the deviation, was presented in the following Field Change Justifications and
Sampling and Analysis Plan Amendments:
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» Field Change Justification No. 1 (November 2002). Proposed soil sampling to be conducted
within the Ephemeral Pond area at IRP Site 1.

» Field Change Justification No. 2 (November 2002). Proposed Hydropunch™ sampling and
piezometer installation and sampling to be conducted at IRP Site 1.

e Amendment No. 2 to Work Plan, Phase II RI (December 2002). Proposed additional
monitoring well installation and continuous coring at locations within IRP Site 1 and

downgradient between IRP Site 1 and IRP Site 2.

» Field Change Justification No. 3, Revision 1 (June 2004). Proposed additional soil boreholes
and monitoring well installation at IRP Site 1 and downgradient between IRP Site 1 and IRP
Site 2. :

» Final Sampling and Analysis Plan Amendment No. 1 (December 2004). Proposed additional
soil sampling to be conducted within the Ephemeral Pond area at JRP Site 1. The document
was prepared as a more detailed update to Field Change Justification No. 1 (November
2002).

» Field Change Justification No. 4 (January 2005). Proposed additional surface water sampling
within the Ephemeral Pond at IRP Site 1.

» Sampling and Analysis Plan Amendment No. 3, Phase II RI (January 2005). Proposed

additional soil boreholes and Hydropunch samples in the area between IRP Site 1 and IRP
Site 2, in order to obtain additional lithologic and geochemical information.

The field change requests were reviewed and approved by the BCT.

Along with the Work Plan, the following documents provided guidance to conduct field activities:

CLEAN Field Health and Safety Manual (Earth Tech 1998)

CLEAN II Standard Operating Procedure (SOP) 3, Borehole Logging (BNI 2002)

CLEAN II SOP 4, Soil Sampling (BNI 2002)

CLEAN II SOP 5, Monitoring Well Installation and Development (BNI 2002)

CLEAN II SOP 6, Instrument Calibration and Use (BNI 2002)

CLEAN I SOP 7, Water and Free-Product Level Measurements in Wells (BNI 2002)

CLEAN II SOP 8, Groundwater Sampling (BNI 2002)

CLEAN II SOP 9, Sample Containers, Preservation and Handling (BNI 2002)

'CLEAN II SOP 10, Sample Custody, Transfer and Shipment (BNI 2002)

CLEAN II SOP 11, Decontamination of Equipment (BNI 2002)

CLEAN II SOP 13, Abandonment of Boreholes and Wells (BNI 2002)

CLEAN II SOP 16, gINT " System: Boreholes and Wells (BNI 2002)

CLEAN II SOP 17, Logbook Protocols (BNI 2002)



December 2006 Final Phase Il RI, IRP Site 1 Study Area Investigation

CLEAN II SOP 22, Investigation-Derived Waste (BNI 2002)

In order to continually scope site characterization efforts to minimize the collection of unnecessary
data and maximize data quality, a tiered approach to the field investigation was adopted for the Phase
II RI activities. Data collection activities in each successive tier were planned based on the results of
the preceding tier.

21.1 Tier |

The principal objective of Tier I was to collect adequate data for soil and groundwater to complete a
screening level human health and ecological risk evaluation for IRP Site 1. Systematic sampling,
using a central-aligned grid was used at IRP Site 1 to allow uniform coverage of the Northern and
Southern EOD Training Ranges. The number of sampling locations was calculated by dividing the
initial number of samples (50 per study area) by the number of samples per location (at multiple
depths). During the preliminary soil sampling conducted in the geophysical anomaly areas (identified
during the perchlorate verification study [Earth Tech 2001]), two samples were obtained at each
location at depths ranging from 1 to 5 feet bgs. Based on this sampling method, two samples per
location, at depths of approximately 1.5 feet and 5 feet bgs were to be collected during the Phase II
sampling. Accordingly, 25 sample locations per study area were required. This resulted in equal-
sized blocks, each of which was approximately 170 feet by 170 feet square. Sample locations were at
the centers of the blocks.

To optimize the sampling design, the locations of samples collected at the geophysical anomaly areas
were overlain on the 25 blocks for each study area.

No sampling was conducted during the Phase II RI in blocks where previous samples were located.
This optimization resulted in a judgmental sampling design for those specific areas suspected of
EOD activity, with the advantage of identifying locations of elevated contamination, and the
disadvantage of possibly causing the site to appear more contaminated than it really is.

The analysis approach for the soil samples collected during Tier I was to cover all the analytes
expected to be characteristic of releases during the EOD operations. Table 2-1 lists the type of
materials used during training activities, and the corresponding analysis approach.

Table 2-1: Soil Analysis Approach

Contaminant Group Analysis
Ordnance/munitions/explosives residues Explosives residues, metals, perchlorate
Fuels Fuel hydrocarbons, VOCs, SVOCs
Combustion byproducts Dioxins/furans, SVOCs

FS smoke pH

Notes:

FS smoke = sulfur-trioxide chlorosulfonic acid

pH = negative logarithm of hydrogen ion concentration

VOCs = volatile organic compounds

SVOCs = semivolatile organic compounds

All soil samples collected during the Tier I sampling event were analyzed for VOCs, SVOCs,
petroleum hydrocarbons, explosives residues, perchlorate, nitrate, pH, and metals. The Work Plan
specified that 10 percent of the soil samples were to be selected for analysis of dioxins/furans based
on the SVOC data. Since no SVOCs except low concentrations of phenol were detected in any of the
soil samples analyzed during the Tier I sampling events, dioxins/furans were not analyzed during
Tier I field activities.

2-3
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The Work Plan specified that sampling of surface water runoff be attempted during the three storm
events. However, there was no measurable surface runoff during the three consecutive storm events
during field activities for Tier I. Subsequently in January 2005, however, there was sufficient rainfall
to collect surface water samples from the Ephemeral Pond, and from the downgradient sampling
location near Monitoring Well 01-MW207, in the southern portion of IRP Site 1. The surface water
sampling is summarized under Tier III-C.

To establish the baseline conditions, groundwater samples were collected from existing monitoring
wells and analyzed for perchlorate, VOCs, SVOCs, hydrocarbons, explosives residues, nitrate, pH
and metals, and N-nitrosodimethylamine (NDMA).

21.2 Tier Il

The objectives of the Tier II sampling were to investigate the localized contamination, or “hot spots™
(defined as exceeding the threshold levels listed in the decision inputs and evaluated based on the
decision rules specified in the DQOs in the Phase II RI Work Plan [Earth Tech 2001a]), and to
further evaluate the previously identified geophysical anomaly areas, by trenching and sampling.
Since Tier I sampling results did not identify any hot spots, Tier Il sampling conducted in January to
April 2002 primarily investigated the previously defined geophysical anomaly areas in conjunction
with the MEC characterization sampling. Groundwater sampling was not conducted as part of Tier
II. As a part of the MEC Range evaluation, geophysical anomalies were identified using real-time
kinematic (RTK) global positioning system (GPS), EM system, or magnetometer. In Tier II
sampling, these anomalies were investigated either by trenching or potholing lengthwise or across
each selected anomaly. Trenches or potholes were excavated until the bottom of the anomaly source
was located. During the excavation, all located MEC or MD scrap data were logged and soil samples
were collected in accordance with procedures described in the Phase II RI Work Plan (Earth Tech
2001a). All soil samples collected during the Tier.II sampling event were analyzed for VOCs,
SVOCs, petroleum hydrocarbons, explosives residues, perchlorate, nitrate, pH, and metals. In
addition, nine of the soil samples were analyzed for dioxins/furans.

213 Tier Il
Specific objectives of the Tier Il sampling were to:
* Investigate the vertical extent of soil contamination at any Tier II locations that indicated
potential for contamination greater than 10 feet bgs.

» Evaluate potential impact to groundwater at locations where the Tier I and Tier II data
indicated potential impact.

* Determine potential risk to Riverside fairy shrimp (a Federally endangered species) in the
Ephemeral Pond in the northern portion of the Northern EOD Training Range.

* Delineate perchlorate contamination in groundwater within the central portion of IRP Site 1

* Delineate perchlorate contamination in groundwater in the areas south of IRP Site 1

Tier III activities were divided into several sub-investigations:

Tier ITI-A. As a part of Tier III-A sampling, one trench/pothole (Trench 34) was selected for
additional soil sampling where the soil samples collected at 6 and 10 feet bgs, during Tier II
sampling events, reported concentrations of petroleum hydrocarbons, VOCs, and metals. This was
the only location that exhibited increasing concentrations (petroleum hydrocarbons and naphthalene)
to a depth of 10 feet bgs (the bottom of the trench). One borehole (B-1) was advanced to a depth of
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35 feet bgs at this location. Soil samples collected as a part of Tier III-A were analyzed for VOCs,
SVOCs, petroleum hydrocarbons, explosives residues, perchlorate, nitrate, pH, and metals.

Three new groundwater monitoring wells (01-MW208, 01-MW209, and 01-MW210) were installed
upgradient and downgradient from Monitoring Well 01-MW201, which had historically yielded
elevated concentrations of perchlorate. New wells were installed to better define the extent of
elevated perchlorate concentrations and to refine the groundwater flow direction and gradient in the

vicinity of 01-MW201.

Tier ITI-B. Tier III-B sampling included installation of 16 piezometers (2-inch groundwater
monitoring wells), 01-PZ01 through 01-PZ16, throughout IRP Site 1 and south of IRP Site 1 in order
to delineate perchlorate concentrations in the central portion of IRP Site 1, as well as to determine
whether perchlorate was present in groundwater in the areas south of the site. After installation of the
piezometers, the wells, along with selected previously installed wells at IRP Site 1, were sampled for
five rounds to verify sampling results. The groundwater samplés were analyzed for perchlorate only.

Tier III-C. Tier III-C activities included a surface-to-borehole seismic investigation, which was
conducted in order to determine whether there were subsurface fractures or other features that may
be effecting groundwater flow throughout IRP Site 1. The investigation was conducted on six wells
at IRP Site 1 (01-MW101, 01-MW201, 01-MW202, 01-MW205, 01-MW209, and 01-DGMW3538).

Tier III-C also involved the installation of 12 additional monitoring wells, whose purpose was to
further delineate the perchlorate contamination in the central portion of IRP Site 1, as well as to
delineate elevated perchlorate concentrations in Piezometers 01-PZ15 and 01-PZ16, which were
installed to the south of IRP Site 1 as part of Tier III-B activities. Continuous lithologic cores were
collected from all 12 monitoring wells in order to better characterize the subsurface geologic and
hydrogeologic conditions. Groundwater samples were collected from all 12 newly installed wells,
and from selected previously installed wells.

The final portion of Tier III-C investigations included sediment sampling within the Ephemeral Pond
at IRP Site 1. Twenty-one sediment samples were collected from 19 locations. The sampling was
conducted in response to a request from the United States Fish and Wildlife Service (USFWS), in
order to evaluate risk, if any, to the Federally endangered Riverside fairy shrimp (Streptocephalus
woottoni).

Tier III-D. Tier I1I-D involved advancing 31 soil boreholes in the southern portion of IRP Site 1 and
in the areas south of IRP Site 1, to further characterize the geologic and hydrogeologic conditions.
Additionally, 23 Hydropunch™ groundwater samples were collected from the alluvium and 17
Hydropunch™ samples were collected from the weathered bedrock, which were analyzed for
perchlorate only.

2.2 SAMPLING ACTIVITIES

The following sections describe the sampling and analysis activities conducted at IRP Site 1 as a part
of Tier 1, Tier I, and Tier I, arranged by media. Table 2-2 summarizes all of the sampling and
analysis activities.

2.21 Soil Sampling

Soil sampling and analysis was conducted at various locations at IRP Site 1 as a part of Tier I, II, and
III investigations.
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2.2.1.1 TIER]

Tier I soil sampling was completed in January 2002 at locations shown on Figure 2-1. Samples were
collected using direct-push techniques at depths of 1.5 and 5 feet bgs at each location. A total of 77
shallow soil samples and eight duplicates were collected from 39 locations (both Northern and
Southern EOD Training Ranges) in accordance with CLEAN SOP 4, Soil Sampling (BNI 2002).
Samples for analysis of VOCs were collected in accordance with EPA Method 5035. All samples
were analyzed for VOCs, SVOCs, petroleum hydrocarbons, explosives residues, perchlorate, nitrate,
pH, and metals.

2212 TiER I

Tier I soil sampling was completed in January and February 2002 at locations shown in Figure 2-2.
Tier II soil sampling involved trenching or potholing lengthwise across the selected anomalies
identified during the geophysical survey conducted as a part of MEC Range Evaluation (see
Section 1.4.2). All trenching was accomplished in accordance with Section 5.4, Excavation Safety,
of the Earth Tech CLEAN Field Health and Safety Manual (Earth Tech 1998). Trench alignments
were measured with a Brunton® or other compass and a standard 100-foot tape, to a resolution of
+ 0.5-foot. Descriptions of the trenches including cross-sections were recorded in a field trench log.
Field personnel identified the types of soil collected following CLEAN SOP 3, Borehole Logging
(BNI 2002) and ASTM Method D 2487/2488.

Trenches or potholes were excavated until the bottom of the anomaly source was located. During the
excavation, all located MEC or MD data were logged and soil samples were collected. Trenches or
potholes were approximately 4 to 45 feet long, 2 to 6 feet wide, and soil samples were collected from
depths ranging from 0.5-foot bgs to 10 feet bgs. Thirty-three soil samples and four duplicates were
collected and analyzed for VOCs. Twenty-five soil samples and four duplicates were collected and
analyzed for SVOCs. Thirty-two soil samples and four duplicates were collected and analyzed for
petroleum hydrocarbons. Twenty-six samples and three duplicates were analyzed for SVOCs,
explosives residues, perchlorate, nitrate, pH, and metals. Seven soil samples and two duplicates were
analyzed for dioxins/furans.

All trenches were backfilled and compacted upon completion of logging, and no trench was left
unattended or open overnight during the entire investigation.

2.21.3 TiER I

Tier III-A. Tier III-A soil sampling was completed in May 2002. As a part of Tier III-A sampling
events, one Tier II sampling location (Trench 34) was selected for deeper investigation (greater than
10 feet bgs) due to elevated concentrations of petroleum hydrocarbons, VOCs, and metals in the
samples taken from 6 feet and 10 feet bgs. This was the only location that exhibited increasing
concentrations (petroleum hydrocarbons and naphthalene) to a depth of 10 feet bgs (the bottom of
the trench). At this location (see Figure 2-2), a borehole (B-1) was drilled using a rotary-auger drill
rig up to a depth of 35 feet bgs. Seven soil samples and one duplicate were collected at intervals of 5
feet and were analyzed for VOCs, SVOCs, petroleum hydrocarbons, explosives residues,
perchlorate, nitrate, pH, and metals. The borehole was backfilled following sampling.
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Table 2-2: Summary of Phase Il Remedial Investigation Sampling Activities

NS

Tier Soil Investigations Sediment Investigations Groundwater Investigations Surface Water Investigations
Tier1 * Soil Sampling None * Groundwater Sampling None
» Number of samples: 85 (including 8 = Number of wells sampled: 12
duplicates) = Analyses: VOCs, SVOCs,

*  Sampling Depth: 1.5to 5 feet bgs petroleum hydrocarbons,
. losives residues, perchlorate
*  Analyses: VOCs, SVOCs, petroleum explosives ' '
hydrocarbons, explosives residues, NDMA, nitrate, pH, and metals
perchlorate, nitrate, pH, and metals.
Tier Il * Trenching and Potholing at the Locations of None None None
Geophysical Anomalies
* Soil Sampling
* Number of samples: 37 (including 4
duplicates)
= Sampling Depth: 0.5 to 10 feet bgs
= Analyses: VOCs, SVOCs, petroleum
hydrocarbons, explosives residues,
perchlorate, nitrate, pH, metals, and
dioxins/furans.
Tier HI-A { * Borehole Advanced to a Depth of 35 feet bgs | None * Groundwater Monitoring Well None
« Soil Sampling : Installation
»  Number of samples: 8 (including 1 *  Number of wells: 3
duplicate) * Groundwater Sampling
*  Sampling Depth: 5 to 35 feet bgs = Number of rounds: 1
= Analyses: VOCs, SVOCs, petroleum * Number of wells sampled: 8
hydrocarbons, explosives residues, . A .
! nalyses: VOCs, SVOCs,
perchlorate, nitrate, pH, and metals. petroleum hydrocarbons,
explosives residues, perchlorate,
NDMA, nitrate, pH, and metals
Tier lI-B | None None * Piezometer (2-inch groundwater None

monitoring wells) Installation
*  Number of piezometers: 16
* Groundwater Sampling
= Number of rounds:

= Number of wells sampled —
Sampling Round 1 (Feb-Mar
2003): 24

s Number of wells sampled -
Sampling Round 2 (Jun 2003): 23

* Number of wells sampled -
Sampling Round 3 (Oct-Nov 2003):




Table 2-2: Summary of Phase |l Remedial Investigation Sampling Activities

Tier Soll Investigations Sediment Investigations Groundwater Investigations Surface Water Investigations
23
=  Number of wells sampled -~
Sampling Round 4 (Mar 2004): 25
= Number of wells sampled -
Sampling Round 5 (July-Aug
2004): 25
* Analyses: Perchlorate
Tier HI-C | None * Sediment Sampling Groundwater Monitoring Well * Surface Water Sampling
» Number of samples: 21 (including Installation = Number of samples: 5
2 duplicates) = Number of wells: 12 +  Analyses: VOCs, SVOCs,
= Sampling Depth: 0 to 0.5 feet bgs Groundwater Sampling PAHSs, explosives residues,
* Analyses: VOCs, SVOCs, PAHs, »  Number of rounds: 2 g::’c‘;";‘:g‘t :Yg"égngms-
total organic carbon, pH, and Sampling Round 1 (Sep 2004): 12 (alkallm.ty, h;rdnr:ss-'d
metals. = Number of wells sampled — ammonia, pH, chloride,
Sampling Round 2 (Nov 2004): 15 fluoride, nitrate, nitrite, and
sulfate), and metals.
* Analyses: Perchlorate
Tier I-D | None None Boreholes for Hydropunch™ Sampling None
and Characterizing Hydrogeology and
Geology
= Number of continuous cores
collected: 31
Groundwater Monitoring Well
Installation
* Number of wells: 2
Hydropunch™ Sampling
= Number of Hydropunch samples:
44 (including 4 duplicates)
* Analyses: Perchlorate
Groundwater Sampling
»*  Number of rounds: 1
* Number of wells sampled: 2
* Analyses: Perchlorate
Notes
bgs = below ground surface
NDMA = N-nitrosodimethylamine
PAHs = polycyclic aromatic hydrocarbons
pH = negative log of the hydrogen ion concentration
SVOCs = semivolatile organic compounds
VOCs

= volatile organic compounds
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2.2.2 Sediment Sampling

Tier II-C. Sediment sampling at IRP Site 1 was conducted as part of Tier III-C investigations. Tier

II-C involved the collection of 19 sediment samples and two duplicates from the bottom of the
Ephemeral Pond at IRP Site 1 (Figure 2-3). Sixteen samples and two duplicates were surface
samples (collected at 0-foot bgs), and the remaining three samples were collected from 0.5-foot bgs
using a hand auger. The hand auger samples at locations, 01-HA-15, 01-HA16, and 01HA-17, were
collected at the locations of previously identified geophysical anomalies. The samples were analyzed
for VOCs, SVOCs, polycyclic aromatic hydrocarbons (PAHs), explosives residues, petroleum
hydrocarbons, perchlorate, total organic carbon, pH, and metals.

All soil borehole sampling was performed in accordance with the following CLEAN II SOPs (BNI
2002):

CLEAN SOP 3, Borehole Logging
CLEAN SOP 4, Soil Sampling
CLEAN SOP 11, Decontamination of Equipment

2.23 Groundwater Sampling and Monitoring Well Installation

Groundwater sampling was conducted at IRP Site 1 during the Tier I investigations. Tier HI
investigations involved installation of new monitoring wells at the site to better evaluate the
groundwater flow gradient and elevated perchlorate concentrations. Figure 2-4 shows the locations
of all groundwater monitoring wells at IRP Site 1.

2.2.3.1 TIER ]

The Tier I groundwater investigation involved one round of groundwater sampling and groundwater
level monitoring to establish the baseline conditions. This monitoring was conducted in January and
February 2002, in accordance with the CLEAN SOP 8, Groundwater Sampling (BNI 2002), and
involved 12 existing monitoring wells (18_BGMW24, 01-DGMW57, 01-DGMW358, 01-MW101,
01-MW102, and 01-MW201 through 01-MW207) (see Figure 2-4 and Table 2-3).

In January 2002, samples were collected from 12 existing monitoring wells and analyzed for VOCs,
SVOCs, petroleum hydrocarbons, explosives residues, perchlorate, NDMA, nitrate, and metals.
Analysis results from three wells (01-DGMWS57, 01-MW207, and 01-MW202) showed the presence
of VOCs that were inconsistent with the historical results. To confirm detections of these VOCs,
these wells were resampled for VOCs on 14 and 15 February 2002.

The Tier I groundwater investigation showed a potential for more widespread perchlorate
contamination; therefore, subsequent groundwater investigations at IRP Site 1 were conducted as a
part of Tier III. :
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Table 2-3: Summary of Wells/Boreholes Sampled During Different Tiers of Phase Il Remedial Investigation

Tierl Tler I-A Tler lil-B Tier lli-B Tier lli-B Tier I-B Tier llI-B Tler lll-C Tier I-C Tier Il-D Tier lll-D
Jan 2002 Jun 2002 Feb-Mar 2003 Jun 2003 Oct/Nov 2003 Mar 2004 Jul-Aug 2004 Sep 2004 Nov 2004 Jan-Feb 2005 Mar 2005
01-MW101 01-MW102 01-PZ01 01-PZ01 01-PZ01 01-PZ01 01-PZ01 01-MW211 01-PZ13 01-HPA1 01-HPA9
01-MW102 01-MW201 01-PZ02 01-PZ02 01-PZ02 01-PZ02 01-PZ02 01-MW212 01-PZ14 01-HPA2 01-HP10
01-MW201 01-MW202 01-PZ03 01-PZ03 01-PZ03 01-PZ03 01-PZ03 01-MW213 01-PZ15 01-HPA3 01-MW223
01-MwW202 01-MW207 01-PZ04 01-PZ04 01-PZ04 01-PZ04 01-PZ04 01-MW214 01-PZ16 01-HPA4 01-MW224
01-MW203 01-MwW208 01-PZ05 01-PZ05 01-P205 01-PZ05 01-PZ05 01-MW215 01-MW206 01-HPA5
01-MW204 01-MW209 01-PZ06 01-PZ06 01-PZ06 01-PZ06 01-PZ06 01-MW216 01-MW207 01-HPAG
01-MW205 01-MW210 01-PZ07 01-PZ07 01-PZ07 01-PZ07 01-PZ07 01-MW217 01-MwW211 01-HPA7
01-MW206 01-DGMW57 01-PZ08 01-PZ08 01-PZ08 01-PZ08 01-PZ08 01-Mw218 01-MW212 01-HPAS
01-MW207 01-PZ09 01-PZ09 01-PZ09 01-PZ09 01-PZ09 01-Mw219 01-MW213 01-HPA9
01-DGMW57 01-PZ10 01-PZ10 01-PZ10 01-PZ10 01-PZ10 01-MW220 01-MW214 01-HP10
01-DGMW58 01-PZ11 01-PZ11 01-PZ11 01-PZ11 01-PZ11 01-Mw221 01-MW215 01-HPB1
18BGMW24 01-PZ12 01-PZ12 01-PZ12 01-PZ12 01-PZ12 01-MW222 01-MW216 01-HPB2
01-PZ13 01-PZ13 01-PZ13 01-PZ13 01-PZ13 01-DGMW57 01-HPB3
01-PZ14 01-PZ14 01-PZ14 01-PZ14 01-PZ14 01-DGMW58 01-HPB4
01-PZ15 01-PZ15 01-PZ15 01-PZ15 01-PZ15 18BGMW24 01-HPB5
01-PZ16 01-PZ16 01-PZ16 01-PZ16 01-PZ16 01-HPB6
01-MW102 01-MW102 01-MW102 01-MW102 01-MW102 01-HPC2
01-MW201 01-MW201 01-MW201 01-MW201 01-MW201 01-HPC3
01-MW202 01-MW202 01-MwW202 01-MW202 01-MW202 01-HPC4
01-MwW207 01-MW207 01-MW207 01-MW204 01-MW204 01-HPC5
01-MW208 01-MW208 01-MW208 01-MW205 01-MW205 01-HPD1
01-MW209 01-MW209 01-MW209 01-MW207 01-MW207 01-HPD2
01-MW210 01-MW210 01-MW210 01-MW208 01-MW208 01-HPD2
18BGMW24 01-MW209 01-MW209 01-HPD3
01-MW210 01-MW210 01-HPD4
01-HPD5S
01-HPE1
01-HPE2
01-HPE3
01-HPE4
01-MwW223
01-MW224
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2232 TIER I

Tier II-A. The Tier III-A groundwater investigation involved the installation of three new
monitoring wells (01-MW208, 01-MW209 and 01-MW210), to refine the groundwater flow
direction and gradient, and delineate the perchlorate contamination in the central portion of IRP Site
1 (see Figure 2-4). Table 2-4 presents the construction details of these wells along with the other
wells installed during subsequent tiers.

Following the installation of three new monitoring wells, groundwater samples were collected from
these wells in June 2002 and analyzed for VOCs, SVOCs, petroleum hydrocarbons, explosives
residues, perchlorate, NDMA, nitrate, pH, and metals. In addition, the Wells 01-DGMW57, 01-
MW102, 01-MW201, 01-MW202, and 01-MW207 were sampled for perchlorate. Since perchlorate
was unexpectedly detected above the State provisional action level (PAL) (in effect in 2002) in
newly installed Well 01-MW210 located upgradient from the suspected source area, a confirmation
sample was collected from this well in July 2002 (one month after the initial sample).

Tier ITI-B. The Tier III-B groundwater investigation involved the installation of 16 new piezometers
(2-inch groundwater monitoring wells), 01-PZ01 through 01-PZ16, to further delineate the
perchlorate contamination in the central portion of IRP Site 1, as well as to determine whether
perchlorate was present in the areas south of IRP Site 1 (Figure 2-4 and Table 2-4). The newly
installed wells, and selected previously installed wells, were sampled for five rounds to confirm the
perchlorate sampling results (see Table 2-3).

Tier III-C. The Tier III-C groundwater investigation involved the installation of 12 additional
groundwater monitoring wells (01-MW211 through 01-MW222), to further delineate the perchlorate
contamination in the central portion of IRP Site 1, as well as to further delineate perchlorate
contamination south of IRP Site 1 (Figure 2-4 and Table 2-4). A total of 14 groundwater samples
(including two duplicates) were collected from the newly installed wells following completion, and
16 groundwater samples (including one duplicate) were collected from selected wells in the areas
south of IRP Site 1 for confirmation purposes (see Table 2-3 and Figure 2-4).

Tier ITI-D. As a part of Tier III-D groundwater investigation, 27 boreholes were advanced in the
areas south of IRP Site 1 and two boreholes were installed in the southern portion of IRP Site 1 (01-
HPA7 and 01-HPAS), in January and February 2005 (see Figure 2-4 and Table 2-3). Continuous
cores were collected from surface to total depth during advancement of these boreholes for
characterization of site geology and hydrogeology. Chemical analyses were not conducted on the
core samples.

In addition to collection of continuous cores, Hydropunch™ samples were collected from the
boreholes for further assessment of the extent of perchlorate in groundwater. Twenty-five
Hydropunch™ samples (including four duplicates) were collected from the saturated alluvium, and
17 Hydropunch™ samples were collected from the saturated bedrock. All Hydropunch™ samples
were analyzed for perchlorate.

In March to April 2005, two additional boreholes (01-HPA9 and 01-HPA10) were advanced in the
southern portion of IRP Site 1 (see Figure 2-4). Hydropunch™ samples were collected from
saturated alluvium from these boreholes and analyzed for perchlorate (see Table 2-3). Additionally,
two groundwater monitoring wells were installed in the southern portion of IRP Site 1 (01-MW223)
and along the aquifer south of IRP Site 1 (01-MW224). Groundwater samples were collected from
the two wells for analysis of perchlorate (see Figure 2-4 and Table 2-4).

The operating procedures used for various field activities were as follows:
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* CLEAN SOP 5, Monitoring Well Installation and Development (BNI 2002), and Sections
4.2.4.1 and 4.2.4.1 of the Phase II RI Work Plan (Earth Tech 2001a) for well construction
and development.

» CLEAN SOP 3, Borehole Logging (BNI 2002) for description of lithology, including all soil
classification information during borehole drilling.

» CLEAN SOP 11, Decontamination of Equipment (BNI 2002} and Section 4.2.6 of the Work
Plan (Earth Tech 2001a) for decontamination of all equipment before each use.

¢ CLEAN SOP 4, Soil Sampling (BNI 2002) for soil sampling.

224 Surface Water Sampling

During Tier HI-C investigations (January and February 2005), five surface water samples were
collected at IRP Site 1 for the assessment of nature and extent of surface water contamination. One
of the five samples was collected from the Ephemeral Pond and two samples (one of which was
filtered) were collected near the Ephemeral Pond outfall. In addition, two surface water samples (one
of which was filtered) were collected from the downgradient location near Monitoring Well 01-
MW207 (Figure 2-4). Two surface water samples collected from the Ephemeral Pond and one
sample collected near the western reach of Borrego Canyon Wash were analyzed for VOCs, SVOCs,
PAHs, explosives residues, petroleum hydrocarbons, perchlorate, general chemistry parameters
(alkalinity, hardness, ammonia, pH, chloride, fluoride, nitrate, nitrite, and sulfate), and metals. The
remaining two filtered samples were analyzed for metals only.
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Table 2-4. IRP Site 1 Monlitoring Well Detalls

TOC Elevation Ground Surface Elevation Well Total Screened interval Casing Screen Slot Bentonite Seal | Sand Pack Interval | Borehole Radius
Well ID Northing Easting (fest above msl) (feet above ms!) Depth (ft bgs) . {ft bgs) Radius (in) Size (ft) Sand Pack Interval (ft) (ft) (in)

01-MwW101 2197826.90; 6124760.45 752.61 752.00 159 118-148 4 0.020 #3 Monterey 106 - 111 111-159 9
01-MW102 2198004.75] 6124203.59 759.89 759.40 140.5 95-135 4 0.020 #3 Monterey 82-87 87 -140.5 9
o1-MW201 2196633.43| 6124260.76 667.91 667.20 62 27-57 4 0.020 #3 Monterey 17-22 22 -62 10.5
01-MW202 2197362.95| 6124357.83 691.87 689.50 60 10-35 4 0.020 #3 Monterey 45-75 75-35 10
01-MW203 2197012.48| 6124374.32 684.85 682.10 60 33-58 4 0.020 #3 Monterey 275-3 31-60.5 10
01-MW204 2196799.70| 6124173.10 666.01 663.50 57 24-54 4 0.020 #3 Monterey 18-21 21-57.0 10
01-MW205 2196396.70| 6123963.75 648.10 645.40 60 18-53 4 0.020 #3 Monterey 913 13-60 10
01-MW206 2196059.38| 6123914.71 639.35 636.90 60 1747 4 0.020 #3 Monterey 10.5-135 13.6-47 10
01-MW207 2195753.68| 6123365.12 623.72 621.50 56 20-55 4 0.020 #3 Monterey 13.6-16 16-56.0 10
01-MW208 2196593.00; 6123574.78 663.63 661.20 65 30-55 4 0.020 #3 Monterey 22-25 25-55 10
01-MW209 2196596.26| 6124094.32 657.22 654.70 55 2545 4 0.020 #3 Monterey 15-185 18.5-45 10
01-MW210 2196754.97| 6124443.36 695.53 692.90 70 30-55 4 0.020 #3 Monterey 245-26.5 26.5-55 10
01-MW211 2192697.51| 6121623.71 547.57 545.20 70 50-60 4 0.020 #3 Monterey 46 - 48 48-61 10
01-MW212 2194720.54{ 6122226.70 588.91 586.50 35 20-35 4 0.020 #3 Monterey 16-18 18-35 10
01-MW213 2194507 66| 6122167.07 582.96 580.10 45 25-40 4 0.020 #3 Monterey 21-23 23-41 10
01-MW214 2194517.36| 6122360.26 590.80 587.70 50 3348 4 0.020 #3 Monterey 29-34 31-50 10
01-MW215 2194807 62| 6122561.70 595.36 593.20 50 35-50 4 0.020 #3 Monterey 31-33 33-50 10
01-MW216 2194471.96| 6122619.00 593.34 591.30 40 25-40 4 0.020 #3 Monterey 21-23 23-40 10
01-Mw217 2196234.89| 6123708.28 642.05 639.00 70 55-70 4 0.020 #3 Monterey 51-53 53-70 10
01-Mw218 2196589.35| 6123842.79 671.57 669.30 60 4560 4 0.020 #3 Monterey 41-43 43 -60 10
01-MW219 2196867.19| 6123959.19 678.13 675.70 70 40-55 4 0.020 #3 Monterey 36-38 38-56.5 10
01-MW220 2196553.27| 6124552.52 71277 710.69 110 100-110 4 0.020 #3 Monterey 96 -98 98-110 10
01-MwW221 2197662.38| 6124472.16 712.44 710.10 80 60-80 4 0.020 #3 Monterey 56-58 58 - 80 10
01-MW222 2196810.67| 6124194.12 666.26 664.00 130 115-130 4 0.020 #3 Monterey 107 - 112 112-130 10
01-MwW223 2195359.55| 6123319.72 619.89 617.40 76 35-70 4 0.020 #3 Monterey 27-32 32-70 10
01-MwW224 2192922.33| 6121906.24 565.48 553.40 9 28-88 4 0.020 #3 Monterey 20-25 25-88 10
01-DGMWS7 2195599.83| 6123657.35 633.18 632.70 93 63-83 4 0.020 #3 Monterey NA NA 10
01-DGMWS8 | 2195751.90 6123489.06 624.80 624.30 86 57-77 4 0.020 #3 Monterey NA NA 10
18-DGMW24 | 2194852.94| 6123662.32 618.13 617.50 61.5 51-71 4 0.020 #3 Monterey NA NA 10
01-PZ01 2198038.64| 6124520.73 755.89 754.10 100 65-90 2 0.020 #3 Monterey 58 -62 62-90 8
01-PZ02 2197584.17| 6124144.20 733.186 731.50 90 60-85 2 0.020 #3 Monterey 53 -57 57 -85 8
01-PZ03 2197411.37| 6124609.33 721.05 718.90 60 30-55 2 0.020 #3 Monterey 24-28 28-55 8
01-PZ04 2197334.45| 6124157.85 693.96 692.40 €0 30-55 2 0.020 #3 Monterey 24-28 28-55 8
01-P205 2197126.54| 6124643.46 740.36 739.20 105 60-85 2 0.020 #3 Monterey 54-58 58 -85 8
01-PZ06 2196884.71| 6124590.37 73267 731.30 85 5580 2 0.020 #3 Monterey 47 -52 52-80 8
01-PZ07 2196739.09( 6124011.75 663.17 662.10 55 30-55 2 0.020 #3 Monterey 24-28 28-55 8
01-PZ08 2196682.32| 6124539.49 72234 720.40 80 55-80 2 0.020 #3 Monterey 49-53 53-80 8
01-PZ09 2196595.04| 6123946.50 658.05 656.40 55 30-55 2 0.020 #3 Monterey 24-28 28-55 8
01-PZ10 2196511.63| 6124038.03 652.66 650.70 50 25-50 2 0.020 #3 Monterey 20-22 22-50 8
01-PZ11 2196454.61| 6124176.50 664.83 662.90 65 35-60 2 0.020 #3 Monterey 29-33 33-60 8
01-PZ12 2196505.46| 6124437.68 716.37 714.10 100 70-95 2 0.020 #3 Montersy 63 -67 67-95 8
01-PZ13 2185718.76| 612318224 619.81 618.00 55 30-55 2 0.020 #3 Monterey 24-28 28-55 8
01-PZ14 2195500.06| 6123055.76 613.42 610.80 50 25-50 2 0.020 #3 Monterey 18-22 22-50 8
01-PZ15 2194620.04| 6122321.11 581.82 579.80 40 15-40 2 0.020 #3 Monterey 9-13 13-40 - 8
01-PZ16 2193709.79] 6122066.74 564.24 562.60 40 15-40 2 0.020 #3 Monterey 8-12 12-40 8
Notes:

bgs = below ground surface

ft ={eet

ID = identification

in  =inches

IRP = Instaliation Restoration Program
msl = mean sea level

NA = not available
TOC = top of casing
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3. Physical Characteristics of the Study Area

31 LAND USE AND NATURAL RESOURCES

A great portion of the land immediately surrounding Former MCAS El Toro, including areas
adjacent to IRP Site 1 has been used for nursery and agricultural activities. Continued urbanization,
however, has brought housing developments about 0.5-mile to the northeast of IRP Site 1. The land
located further north and northeast of the site near the foothills of the Santa Ana Mountains remains
essentially undeveloped. Areas located to the south, southeast, and southwest have been developed
for commercial, light industrial, and residential uses.

According to the Santa Ana Region Basin Plan (CRWQCB 1995), the beneficial uses for
groundwater beneath Former MCAS El Toro include municipal water supply, agricultural and
industrial supplies, and industrial process supply. Groundwater in the vicinity of Former MCAS El
Toro is mostly used for irrigation of agricultural and greenbelt areas (i.e., parkways and parks).
Potable water in the area is imported from various sources, and the remainder comes from local
resources, including groundwater. The nearest municipal wells used as drinking water sources are
associated with the recently installed Irvine Desalter project and are located within approximately 5
miles of IRP Site 1, near the intersection of Irvine Center Drive and Culver Drive. It is anticipated
that the new wells will be operational by October 2006.

3.2 GEOLOGY

3.21 Lithology and Structure

The study area represents a portion of shelf and tidal deposits eroded from the Santa Ana Mountains
and deposited offshore since the late Cretaceous (approximately 60 million years ago [mya]). Figures
2-4 and 3-1 provide a site map, which details the topography, surface geology, and all assessment
locations at IRP Site 1 through IRP Site 2 during the various investigations. Figures 3-2 and 3-3
present the generalized Orange County structural and stratigraphic relationships. Highlighted in
Figure 3-2 are the six stratigraphic units represented in the study area, which encompasses IRP Site 1
to IRP Site 2, and the intervening western reach of Borrego Canyon Wash. The six units represent
deposition from approximately 20 mya to the present time, although, due to structural and erosion
events, which have affected the area, not all of the intervening units are preserved within the study
area.

The local stratigraphy within the IRP Site 1 boundary is mapped by Morton, et al, (1999) as late
Miocene/early Pliocene Capistrano Formation overlain in the southern portion by recent Quaternary
(or Holocene) alluvium. Also present near the southern IRP Site 1 boundary is the projected trace of
an unnamed fault passing beneath the alluvium and possibly between groundwater Monitoring Wells
01-MW207 and 01-DGMW58 (Figure 3-1). For purposes of this report this fault is referred to as
unnamed fault #1 (UF#1). South of UF#1, Morton, et al, (1999) have mapped the middle to late
Miocene Monterey Formation and early Pliocene Niguel Formation. The Capistrano Formation at
this location is missing, although it is mapped at other locations in the general vicinity.
Approximately 2,700 feet southwest and downgradient of UF#1 is another unnamed fault, referred to
in this report as UF#2. Monitoring Well 01-MW211 is sited approximately 500 feet southwest and
downgradient of UF#2 in alluvium, which in this area overlies the lower-Miocene Vaqueros and
middle-Miocene Topanga Formation. Approximately 2500 feet southwest and downgradient of
UF#2 are two discontinuous faults UF #3 and UF#4 trending northwest, possibly across IRP Site 2.
IRP Site 2 overlies alluvium and dipping structural blocks of Topanga Formation and Vaqueros
Formations.
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Figure 3-2 shows the stratigraphic interval from the time of deposition of the Vaqueros Formation,
the oldest exposed bedrock in the study area, to Holocene aged alluvium, the youngest material
present. The oldest unit, the Vaqueros Formation, records deposition, which occurred during the
earliest structural events associated with inception of the Los Angeles Basin (LA Basin). Nearly
continuous structural downwarping since the late Miocene accompanied deposition of clastics
derived from the rising highlands of the Santa Ana, San Bernardino and San Gabriel mountains.

Although no specific structural interpretations of the study area are known to exist, it is clear from
the sedimentary record (Figures 3-2 and 3-3) that the southernmost block (beneath IRP Site 2)
received the greatest uplift juxtaposing the oldest bedrock stratigraphic unit (Vaqueros Formation)
next to the youngest (Niguel Formation). Loss or absence of the intervening strata is interpreted to
represent a period of post-depositional erosion, which preceded the final Basin Filling and
Disruption phase.

Stratigraphically, the reported maximum thickness of strata above the Vaqueros Formation includes
500 feet for the Topanga Formation, 8,500 feet for the Monterey Formation, 1,500 feet for the
Capistrano Formation, and 350 feet for the Niguel Formation. Although these are maximum
thicknesses, and may not be representative of thicknesses of these units deposited in this area, it
underscores the fact that the IRP Site 2 bedrock block could have experienced the loss of
approximately 10,000 feet of stratigraphic section (sediment thickness) from erosion that the nearby
intermediate and IRP Site 1 blocks still retain. Given that the horizontal distance between IRP Site 1
and IRP Site 2 is on the order of 7,000 to 8,000 feet, the structural displacement on the fault
separating IRP Site 2 from the intermediate block could be quite significant. By the same inference,
given that the Niguel Formation is exposed in the intermediate block and the Capistrano Formation
in the IRP Site 1 block, the stratigraphic offset across the fault separating these blocks would be
substantially less.

These structural and stratigraphic relationships suggest the loss of considerable sediments from the
IRP Site 2 block which are still present beneath the surfaces of the intermediate and IRP Site 1
blocks. As the IRP Site 2 block is topographically lower and downgradient from the intermediate and
IRP Site 1 blocks, this would tend to suggest that the majority of this structural uplift and erosion had
transpired long before the present day topography evolved. This event was likely related to the late
stage structural evolution of the LA Basin, which dropped the Irvine sub-basin and raised the Santa
Ana's once again.

3.2.2 Holocene Erosion and Deposition

The IRP Site 1 area is surrounded by ridges of feldspathic sandstone of the Capistrano Formation
and is its own watershed, meaning that all of the water that falls as precipitation within this enclosed
valley drains from it, is lost due to evaporation and evapotranspiration, or is absorbed by its soil or
bedrock. IRP Site 1 drains into a larger western reach of Borrego Canyon Wash, which in turn drains
into the even larger Borrego Canyon Wash, which drains into the much larger catchment areas of the
Santa Ana foothills in the Irvine Groundwater Management Zone. Analysis of Figure 3-1 suggests
that these washes are filled with varying widths of gently sloped (virtually flat) alluvium deposited as
these drainages matured to their present state.

However, these washes were also cut into the bedrock by these same drainages before conditions
evolved to the point where deposition, rather than erosion, dominated. Therefore, both the Borrego
Canyon Wash, and its tributary wash that IRP Site 1 drains into, most likely have one or more "V-
cut" channels carved into the underlying bedrock, just like the eroded bedrock surface of IRP Site 1
has today.
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Figure 3-2: LA Basin Structural and Stratigraphic Relationships
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The alluvium, which fills these washes, is derived from the exposed materials within their catchment
areas.

3.23 Hydrogeology

The EOD Training Range is within a tributary canyon to Borrego Canyon Wash. The site lies within
the watershed of the Irvine Groundwater Management Zone, which is located southeast and adjacent
to the Main Orange County Groundwater Basin. The Irvine Groundwater Management Zone has
been divided into a forebay area and a pressure area. The forebay area lies along the margin of the
basin where relatively shallow and coarse-grained sediments overlie semiconsolidated rock. The
forebay area encompasses most of Former MCAS El Toro (Brown and Caldwell 1986). Recharge to
the regional system takes place in the forebay area, primarily along washes such as the Borrego
Canyon Wash that exit the Santa Ana Foothills and Mountains. The pressure area lies in the central
portion of the basin where productive aquifers are present mainly in deeper zones (BNI 1995). The
IRP Site 1 area is predominantly composed of poorly consolidated massive marine sandstone
(bedrock) of the Oso Member of the Capistrano Formation. In the Tier III-C investigation, the
siltstone facies of the Capistrano was also encountered.

Groundwater within this bedrock matrix averaged about 48 feet bgs during the September and
November 2004 monitoring well gauging (Table 3-1). In general, groundwater reflects a south-
southwest flow with a gradient averaging 0.05-feet-per-foot within the saturated bedrock portion of
IRP Site 1. Figure 3-4 shows the groundwater equipotential map for the September 2004 gauging
event. Within the saturated bedrock area of IRP Site 1, the gradient was 0.05, as was the case with
the March 2005 (Figure 3-5) gauging event. Groundwater levels went up by approximately 10 feet
between these two events in response to the second highest rainfall amounts recorded in Los Angeles
history. As is observed on both Figures 3-4 and 3-5, the gradient reduced to the 0.01 to 0.02 range as
flow transitions from the sandstone bedrock to the alluvial channel connecting IRP Site 1 and IRP
Site 2.

The Tier III-C investigation involved installation of 12 additional groundwater monitoring wells both
within the IRP Site 1 boundaries and south along the watershed between IRP Sites 1 and 2. These 12
wells were drilled and installed with continuous coring methods. These wells penetrated both
feldspathic sandstone bedrock as well as locally generated alluvium (south of IRP Site 1), with wells
screened in both.

As continuous cores were removed from each borehole during the Tier III-C investigation, they were
immediately logged by the attending geologist, and such properties as reactivity to hydrochloric acid
(HCI), degree of moisture saturation, as well as color and grain size features were noted in the logs.
Initial examination of the logs indicated that there were other properties which might better aid the
interpretive efforts; therefore, the entire core from each borehole was further examined within a
week of collection for characteristics such as geologic unit (e.g., alluvium versus bedrock), degree of
weathering of the bedrock, and the presence or absence of moisture and degree of saturation.

Groundwater levels found in the feldspathic sandstone tend to reflect a regionally gradual
potentiometric surface, generally reflecting the surface topography, throughout IRP Site 1. This
surface does not necessarily correspond to where saturations were initially identified in the sandstone
during drilling, but often rise above these levels to the site-wide potentiometric surface. This would
tend to suggest some mechanism of confinement. This hydrogeologic environment appears to be
complicated by the development of secondary porosity within the feldspathic sandstone, which is
suspected of being responsible for the variable water saturations found there. Secondary porosity
refers to development of a subsequent or separate system of openings (porosity) that are not part of
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the native matrix, such as dissolution or leaching. In this case, the secondary porosity may be related
to a lack of HCl-reactive mineralization.

The borehole for Well 01-MW222 was intended to explore the possibility of lower water-bearing
units within the bedrock, and was to be screened in the second water-bearing unit if one was
identified. The borehole for this well was advanced to 190 feet bgs. The first 25 feet of this borehole
were composed of dry, highly weathered feldspathic sandstone that did not react with HCI. The
remaining 165 feet of core (from 25 feet bgs to 190 feet bgs) were composed of 150 feet of visually
similar feldspathic sandstone with only minor variations, and 15 feet of the siltstone facies in two
beds. However, this same section of core contained 10 zones of sandstone which reacted with HCl, 4
short zones interpreted as "wet" or relatively saturated with water, 11 zones interpreted as "moist" (or
less saturated with water), and nine zones that were dry but did not react with HCI. These zones are
more or less randomly distributed through the core. The well screen was set between 115 and 130
feet bgs, which included a 1-foot saturated (wet) zone and one 2-foot "moist" zone. Water was
subsequently gauged at approximately 75 feet above the screen in this well (encompassing some nine
dry zones of core). The groundwater sample collected from this well was found not to contain
perchlorate above the reporting limit indicating that perchlorate had not penetrated to this depth in
the aquifer. The subsurface of IRP Site 1, though composed predominately of ostensibly massive
feldspathic sandstone, is a complex hydraulic environment that appears to be composed of zones of
randomly oriented secondary solution porosity, which comprises the "aquifer” in this area.

These features probably relate to the degree of weathering of the sandstone, presence or absence of
moisture as noted in detail as the core was retrieved, and the relationship that appears to exist
regarding HCI reactivity. In only one instance (01-MW219 between 45 and 50 feet bgs) moisture
was observed to be associated with the sandstone where reactions with HCl were observed. In all
other cases, where the sandstone reacted with HCl, visible evidence of moisture was absent. The
moisture or water-bearing zones range from less than 1-foot to nearly 30 feet in thickness; however,
they do not appear to correlate between the wells. This suggests that secondary porosity, possibly
manifested by the absence of HCI reactivity, may be a factor in the hydrodynamics of the feldspathic
sandstone aquifer. The best example of this may be found in the interpretive log for Well 01-MW222
(Figure 3-6). Additional examples may be observed on the interpretive logs for Wells 01-MW215,
01-MW-217, 01-MW218, 01-MW219, 01-MW220, 01-MW221 and 01-MW222. Interpretive logs
have also been prepared for Wells 01-MW211, 01-MW212, 01-MW213, 01-MW215 and 01-
MW?216; however, these wells are predominantly installed in alluvium. Interpretive logs for all Tier
HI-C wells may be found immediately behind the relevant standard well log in Appendix B.

Wells screened within the bedrock (probably across several secondary porosity zones) typically yield
little water, with slow recharge times during purging and sampling. This is consistent with the slug
test data collected in the central portion of IRP Site 1 as a component of the Tier III-C investigation
in June 2004. The slug test data indicates that hydraulic conductivities range from 4.8x10 feet per
day (feet/day) to 2.2x10* feet/day. Using an average hydraulic conductivity of 1.9x107 feet/day
(4.8x107, 2.2x10™ and 7.9x10™ feet/day), an average hydraulic gradient of 0.05-feet-per-foot (from
current groundwater elevations), and an assumed effective porosity of 0.1 (10 percent), the average
linear groundwater velocity at IRP Site 1 is estimated to be 1x10~ feet/day, or 0.4 feet per year.
Using the most productive of the three wells (01-PZ07 with hydraulic conductivity of 4.8x10”
feet/day) would give a result of about 0.9-foot-per-year. This suggests that hydraulic conductivities
may be very low within the IRP Site 1 feldspathic sandstone.
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Table 3-1. Groundwater Elevations

7/16/2004 9/8/2004 11/5/2004 3/9/2005 6/2/2005 6/8/2005 7/7/2005 8/3/2005 8/23/2005
Depth to Water Etevation Depth to Water Etevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation
Well ID (feet below TOC)! (feet above MSL)| (feet below TOC)| (feet above MSL)| (feet below TOC)| (feet above MSL)| (feet below TOC)| (feet above MSL)| (feet below TOC) | (feet above MSL) | (feet below TOC)| (feet above MSL)| (feet below TOC) | (feet above MSL) | (feet below TOC)| (feet above MSL) | (feet below TOC)| (feet above MSL)
01-MW101 67.35 685.26 67.76 684.85 67.77 684.84 66.12 686.49 63.26 689.35 68.29 684.32 62.98 689.63 62.94 €89.67 62.94 689.67
01-MW102 111.9 647.99 112.24 647.65 1125 647.39 11286 647.29 110.93 648.96 111.05 648.84 110.65 649.24 11047 649.42 110.2 649.69
01-MW201 46.66 621.25 46.94 620.97 46.91 621 42.4 625.51 37.75 630.16 37.66 630.25 37.73 630.18 37.22 630.69 37.89 630.02
01-MW202 24.21 667.66 24 47 667.4 243 667.57 14.08 677.79 17.08 674.79 17.31 674.56 17.97 673.90 18.55 673.32 18.76 673.11
01-MW203 33.57 651.28 33.64 651.21 33.81 651.04 30.22 654.63 24.77 660.08 24.85 660 24.93 659.92 25.22 659.63 254 659.45
01-MwW204 4029 625.72 40.45 625.56 4042 625.59 17.62 648.39 21.37 644.64 21.77 644.24 24.31 641.70 26.67 639.34 28.35 637.66
01-MW205 38.07 610.03 38.21 609.89 38.21 609.89 18.93 629.17 23.15 624.95 23.05 625.05 24.88 623.22 26.47 621.63 27.35 620.75
01-MW206 37.1 602.25 37.24 602.11 37.21 602.14 21.65 617.7 25.82 613.53 26.04 613.31 27.25 612.10 28.32 611.03 29.15 610.20
01-MW207 5§2.2 571.52 52.47 5§71.25 52.55 571.17 45.62 578.1 43.91 579.81 43.96 579.76 43.56 580.16 43.43 580.29 43.12 580.60
01-MW208 44.72 618.91 44.98 618.65 44.98 618.65 174 646.23 2217 641.46 22.78 640.85 25.05 638.58 266 637.03 27.67 635.96
01-MW209 38.36 618.86 38.51 618.71 38.44 618.78 18.8 638.42 20.86 636.36 20.95 636.27 23.1 634.12 24.88 632.34 26.08 631.14
01-MwW210 46.36 649.17 46.65 648.88 47.07 648.46 46.51 649.02 44.72 650.81 44.68 650.85 44.31 651.22 43.97 651.56 43.6 651.93
01-Mw211 - - 45.48 502.09 45.13 502.44 28.18 519.39 - - 26.33 521.24 - - - - - -
01-MW212 - - 32.3 556.61 32.35 556.56 25.13 563.78 - - 24.92 563.99 - - - - - -
01-MwW213 - - 28.82 554.14 28.44 554.52 12.08 570.88 - - 21.86 561.1 - - - - - —
01-MwW214 - - 34.76 556.04 34.61 556.19 24.69 566.11 - - 27.86 562.94 - - - - - -
01-MW215 - - 35.47 £59.89 3548 559.88 32.46 562.9 - - 29.88 565.48 - - - - - -
01-MW216 - - 35.16 558.18 35.01 558.33 30.7 562.64 - - 28.68 564.66 - - - - - -
01-MW217 - - 33.55 608.5 33.55 608.5 25.79 616.26 21.29 620.76 21.45 620.6 22.58 619.47 23.65 618.40 2436 617.69
01-MW218 - - 48.8 622.77 4899 622.58 432 628.37 33.72 637.85 33.7 637.87 33.88 637.69 34.19 637.38 34.38 637.19
01-MW219 - - 53.61 624.52 47.42 630.71 45.09 633.04 33.41 644.72 36.84 641.29 33.18 644 95 33.16 644 .97 33.15 644.98
01-MwW220 - - 78.38 634.39 78.68 634.09 78.06 634.71 - - 75.66 637.11 - - 74.96 637.81 - -
01-MwW221 - - 31.76 €80.68 321 680.34 31.44 681 29.78 682.66 29.54 682.9 29.33 683.11 29.22 683.22 28.96 683.48
01-Mw222 - - 41.96 6243 41.98 624.28 35.13 631.13 30.43 635.83 30.43 635.83 30.96 635.30 31.42 634.84 31.79 634.47
01-MwW223 - - - - - - - - 42.58 577.31 42.49 5774 42.01 577.88 41.71 578.18 41.55 578.34
01-MW224 - - - - - - - - - 30.39 525.1 - - - - - -
01-DGMWS57 60.25 572.93 60.5 572.68 60.49 572.69 51.06 582.12 50.92 582.26 50.89 582.29 50.76 582.42 50.87 582.31 50.85 582.33
01-DGMW58 53.25 571.55 53.51 §71.29 53.47 571.33 45.87 578.93 44 47 580.33 44.52 580.28 44.14 580.66 44.12 580.68 43.98 580.82
18-DGMW24 45.81 5§72.32 46.15 571.98 45.71 572.42 39.04 579.09 - - 37.91 580.22 - - - - - -
01-PZ01 67.61 688.28 67.78 688.11 68.01 687.88 68.13 687.76 67.46 688.43 67.43 688.46 67.38 688.51 67.25 688.64 67.05 688.84
01-PZ02 70.12 663.04 70.49 662.67 70.93 662.23 71.38 661.78 70.29 662.87 71.11 662.05 69.89 663.27 69.49 663.67 69.19 663.97
01-PZ03 42.25 678.8 42.52 678.53 42.79 678.26 47.2 673.85 38.04 683.01 38.02 683.03 3714 683.95 36.59 684.48 36.27 684.78
01-PZ04 37.86 656.1 38.12 655.84 38.44 655.52 34.33 659.63 29.46 664.50 29.52 664.44 29.7 664.26 29.95 664.01 30.07 663.89
01-PZ05 67.48 672.88 67.79 672.57 68.23 672.13 68.41 671.95 67.48 672.88 67.48 672.88 67.35 673.01 67.14 673.22 66.93 673.43
01-PZ06 69.16 663.51 694 663.27 69.8 662.87 70.28 662.39 69.62 663.05 69.6 663.07 69.48 663.19 69.31 663.36 69.11 663.56
01-PZ07 39.06 624.11 39.3 623.87 39.33 623.84 31.55 631.62 26.07 637.10 26.05 637.12 26.68 636.49 27.23 635.94 27.69 635.48
01-PZ08 76.65 645.69 76.32 646.02 76.7 645.64 77.12 64522 76.18 646.16 76.15 646.19 76.25 646.09 76.41 645.93 75.6 646.74
01-PZ09 35.85 622.2 36.07 621.98 36.2 621.85 32.64 625.41 25.91 632.14 26.05 632 2548 632.57 25.18 632.87 25 633.05
01-PZ10 40.6 612.06 40.86 611.8 40.86 611.8 18.38 634.28 21.93 630.73 22.23 630.43 24.03 628.63 25.68 626.98 27.1 625.56
01-PZ11 44.37 620.46 44.59 620.24 44.64 620.19 39.95 624.88 34.74 630.09 34.56 630.27 34.68 630.15 34.75 630.08 34.89 629.94
01-PZ12 87.38 627.99 87.63 627.74 87.90 627.47 87.03 628.34 83.93 631.44 83.81 631.56 83.41 631.96 82.92 632.45 82.64 632.73
01-PZ13 48.89 570.92 49.17 570.64 49.34 570.47 47.85 571.96 - - 45.85 573.96 - - - - - -
01-PZ214 43.74 569.68 44 569.42 44.08 569.34 42.78 570.64 - - 39.82 573.6 - - - - - -
01-PZ15 25.61 556.21 25.87 555.95 25.27 556.55 12.77 569.05 - - 18.39 563.43 - - - - - -
01-PZ16 21.88 542.36 22.11 542.13 21.22 543.02 11.41 552.83 - = 14.42 549.82 - - - - - -

Notes:
TOC = top of casing
msl = mean sea level
- = No measurement was taken



Table 3-1. Groundwater Elevations

2/12/2002 8/1/2002 1/29/2003 2/6/2003 2/13/2003 2/17/2003 6/5/2003 10/20/2003 3/11/2004
Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation Depth to Water Elevation
WelliD (feet below TOC)/| (feet above MSL) | (feet below TOC)| (feet above MSL) | (feet below TOC) | (feet above MSL)| (feet below TOC)| (feet above MSL) | (feet below TOC) | (feet above MSL) | (feet below TOC)| (feet above MSL) | (feet below TOC) | (feet above MSL) | (feet below TOC)| (feet above MSL) | (feet below TOC) | (feet above MSL)
01-MW101 64.02 688.59 65.4 687.21 - - 65.87 686.74 65.82 686.79 - - - - 65.9 686.71 66.6 686.01
01-MW102 107.93 651.96 108.87 651.02 - - 109.75 650.14 108.67 650.22 - - 110.16 649.73 110.92 648.97 111.13 648.76
01-MW201 43.23 624.68 44.33 623.58 - - 43.3 624.61 45.24 622.67 - - - - 45.95 621.96 46.14 621.77
01-MwW202 21.51 670.36 22.36 669.51 - - 229 668.97 22.76 669.11 - - 22.06 669.81 23.31 668.56 23.55 668.32
01-MwW203 29.65 655.2 30.97 653.88 - - 31.7 653.15 31.58 653.27 - - - - 3243 652.42 32.81 652.04
01-MW204 38.65 627.36 39.25 626.76 - - 39.64 626.37 39.62 626.39 - - - - 39.8 626.21 40 626.01
01-MW205 36.35 611.75 36.97 611.13 - - 37.36 610.74 37.36 610.74 - - - - 37.59 610.51 37.81 610.29
01-MW206 35.37 603.98 359 603.45 - - 36.3 603.05 36.23 603.12 - - - - 36.8 602.55 36.91 602.44
01-Mw207 48.13 575.59 49.19 574.53 - - 50.55 573.17 50.66 573.06 - - 50.96 572.76 51.48 572.24 51.96 571.76
01-MwW208 - - 42.32 621.31 - - 43.05 620.58 43.03 620.6 - - 43.4 620.23 44.01 619.62 44.26 619.37
01-MW209 - - 36.94 620.28 - - 37.52 619.7 37.51 619.71 - - - - 37.87 619.35 38.13 618.09
01-MW210 - - 42.95 652.58 - - 44.07 651.46 44.00 651.53 - - 443 651.23 45.11 650.42 45.58 649.95
01-MW211 - - - - - - - - - - - - - - - - - -
01-MW212 - - - - - - - - - - - - - - - - - -
01-MW213 - - - - - - - - = - - - - - - - - -
01-MW214 - - - - - - - - - - - - - - - - - -
01-MW215 - - - - - - = - hod - - - - - - - - -
01-MW216 - - - - - - - - - - - - - - - - - -
01-MW217 - - - = - hod - - - - - - - - - - - -
01-MW218 - - - - - - = = - - - - - - - - - -
01-MW219 - - - - - - - - - - - - - - - - - -
01-MwW220 - - - - -~ - - = - - - - - - - - - -
01-MW221 - - - - - - - - - - b - - - - = - -
01-MW222 - - - - - = - - - - - - - - - - - -
01-MwW223 - - = - - - - - ol - - - - - - - - -
01-MW224 - - - - - - - - - - - - - - - - - -
01-DGMWS7 56.65 576.53 57.67 575.51 - - 58.92 574.26 59.00 574.18 - - - - - - 60 573.18
01-DGMW58 49.08 §75.71 50.18 574.61 - - 51.59 573.21 51.68 573.11 - - - - - - 52.97 571.83
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