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EXECUTIVE SUMMARY

This document presents the results of a site investigation at the 50 Series Complex at the former
Benicia Arsenal (Arsenal), located in Benicia, California. The purpose of this study was to assess if
past Department of Defense (DoD) activities at the Arsenal impacted soil or groundwater at the 50
Series Complex. This fieldwork was conducted at the request of, and with oversight, by the U.S.
Army Corp of Engineers, Sacramento Region (USACE), and was performed in accordance with
planning and USACE guidance documents.

Site Setting and History

The Arsenal is located about 25 miles northeast of San Francisco. The Arsenal was created in 1849
with the transfer of 345 acres of land by the founders of the City of Benicia (Jacobs, 1999). Between
1849 and 1958, the facility grew by land acquisition to a total of 2,728 acres. During its active life,
this facility served the United States Army as a principal depot for ordnance and ordnance stores, as
well as issuance, manufacture, cleaning and testing of small arms. The Arsenal was declared excess
by the government in 1963. Deactivation and closure of the facility was completed in 1964 (Jacobs,
1999). :

The southern portion of the Arsenal, the industrial area, served as the main industrial and
manufacturing area throughout the 115-year history of the facility and was the center of activity at
the Arsenal. Several machine shops, manufacturing shops, and cleaning and painting shops were
housed here, along with a blacksmith shop, a welding shop, numerous vehicle and artillery repair
shops and a small arms shop. Area I also housed the Arsenal’s administrative offices, most of the
permanent housing facilities, photographic laboratories, a firehouse, and hospital.” Fuel storage and

dispensing facilities, a locomotive house, boiler houses, storehouse and warehouse facilities, open
storage facilities, landfills and quarnies were also located within Area L.

The 50 Series Complex 1s in the central portion of Area I and was originally constructed as three
separate workshop buildings (Buildings 55, 56, and 57) between 1876 and 1884. The remodeling of
these buildings occurred over many phases, including the addition of eight new buildings {today
commonly identified as Buildings 55A, 56A, 56B, 56C, 57A, 57B, 57C, and 65(B)) and the removal
and relocation of three existing buildings (Buildings 59, 65, and 66).

Multiple historical land uses have been identified at the 50 Series Complex, and a variety of locations
may have been impacted by chemical releases from former DoD opetations. The following
activities have been specifically identified as part of previous investigations at the Arsenal: ordnance
storage (supplies, ammunition, small arms parts and accessories); small arms manufacture and
testing; manufacture of mobile and seacoast artillery targets; and vehicle maintenance. Since closure
in 1964, land use has been predominantly commercial/industrial, although the Arsenal and
surrounding areas also currently support residential and park/open space uses as well.

Forsgren Associates/Brown and Caldwell O
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Purpose and Scope
This site investigation sought to ascertain whether past DoD activities at the 50 Series Complex
tesulted in soil or groundwater contamination by evaluating the following:

o the presence of acids/alkalis, fuels, oils, polynuclear arotatic hydrocarbons (PAHs),
polychlorinated biphenyls (PCBs), foundry wastes, metals and/or explosives in soil;

 the presence of solvents and volatile organic compounds (VOCs) in soil gas beneath the 50
Seties Complex and if the concentrations could impact indoor air;

o the extent of semivolatile organic compounds (SVOCs), VOCs, and metals previously identified
at Building 57A in soil gas, soil, and groundwater;

« the presence and extent of solvents, VOCs, PAHS, SVOCs, and metals in groundwater;

o the impact of soil type and stratigraphy on the presence and distribution of chemicals of interest

(COls);

o the impact of groundwater depth, general chemical quality, and groundwater gradient and flow
direction on the presence of COI;

e if COls are present in soil and soil gas and if the risk screening analysis determined that the
COls are chemicals of pntenris\] concern (COPCs);

e if additional data collection, tisk analysis, or remediation are required;

o the presence and extent of fuel additives in soil and groundwater that would indicate post-Army
releases; and

e collect data to provide the framework for non-beneficial use of groundwater.

Geology

The Arsenal is located at the southern end of California’s Northern Coast Range. The geologic
history of the region is complex, with episodes of compression and the effects of latetal movement
on the nearby San Andreas strike-slip fault system.

Low-lying hills of steep, southwesterly dipping beds of massive sandstone, siltstone, and shale (Vine
Hill Sandstone) surround the 50 Sedes Complex and are present in a steeply sloped area between
Buildings 56A and 53. Quaternary artificial fill and alluvial/fluvial material overlies the Vine Hill

. Forsgren Associates/Brown and Caldwell October 2004
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Sandstone in most low-lying areas, and ranges from a few feet thick to more than 80 feet thick.
Typically the alluvial/fluvial material is found uphill from the artificial fill. The artificial fill
commonly overlies Bay Mud. This sequence is predominantly present in the low-lying areas south
of the 50 Series Complex, where marshlands were filled during the development of the Arsenal.

Most soil borings in the area encountered artificial fill overlying Quaternary alluvial/ fluvial matenal
consisting of native silt and clay with minor sands. The fill material consists of gravelly silt, low to
medium plasticity clay, silty sand, with some wood and brick. Depth to the sandstone bedrock in
borings drilled at the 50 Series Complex ranged from 1 foot below ground surface (bgs) in the utility
tunnel area, to 3 feet bgs at the ground floor, to 25 feet bgs just south of the Complex. The
shallower occurrence of sandstone cotrelates to areas of excavation and removal of native soils to

create firing ranges in the basement.

Hydrogeology

In genetal, groundwater is encountered at the Arsenal at levels less than 20 feet bgs. In the
industrial area, groundwater is encountered at less than 8 feet bgs. To better understand the

hydrogeology at the Arsenal, 17 piezometers were installed as part of the Site Hydrogeologic Model.
Six piezometers were installed in the industrial area and generally located within the former
marshland. At times, groundwater has been measured flowing out of three of the six piezometers.

Ultimately, groundwater flows from the surrounding hills into the Carquinez Strait, but the routes
may be influenced locally. In the northern and central portion of the Arsenal, groundwater flows
into the Sulphur Springs Creek Drainage from the north, west, and east and then turns south into

the Carquinez Strait. In the southern portion of the Arsenal, where the 50 Sertes Complex 1s
located, groundwater flows from the hills to the south and southeast into the Carquinez Strait.

Water Quality

Water quality information such as total dissolved solids (TDS) and the concentrations of specific

ions were used to assess the hydrogeologic setting of the 50 Series Complex.

Concentrations of TDS were reported in samples from borings and monitoring wells at less than
1,000 milligrams per liter (mg/L) implying that the groundwater at the 50 Series Complex is mostly
freshwater recharged from surface water infiltration. An influence from brackish/salt water sources
such as water trapped in former marsh sediments or water from the Carquinez Strait appeats to be
occurring near the southeast corner of the 50 Series Complex. The concentrations of specific ions
represented in graphical radial plots also imply the groundwater is mostly fresh water or mixed with
seawatet.

Forsgren Associates/Brown and Caldwell October 2004
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Approach

This investigation of the 50 Series Complex occurred in several stages. The Arsenal buildings were

identified, including internal

fontrens oy

T
AdlAd LLALULLO WIILLC

naen

mntnntan o ol dd mn smra zoo o o Lo 1 1 L
commodities were used (e.g. fuels, solvents). A list of

potential chemicals that may have impacted the environment (COls) was generated by examining
past building use. Source areas were evaluated for the presence and extent of COls.

After COIs were identified, release mechanisms were assessed. Potential release mechanisms may
have included leaking underground storage tanks (USTs), overflow of chemicals from dipping tanks,
the dumping of chemicals into storm drains or onto the ground surface, firing ranges where bullets

into the soil.

— may have accumulated in near surface soil, and foundry operations that may have introduced metals

The main buildings and features of the 50 Series Complex are presented in the following table along

with their potential COls.
Building Number Feature Commodities COls
56, 56A, 56B, 57A | Parkerizing Tanks Solvents (post-Army use) | volatile organics, semi-volatile
and Areas in 57A, Acids/alkalis, compounds, hexavalent chromium,
Preservatives, Metals polyaromatic hydrocarbons, metals
58, 65(A), 65(B) Boiler Rooms Fuels, Qils, Lead volatile organics, petroleum and
polyaromatic hydrocarbons, lead
56A and 57 Degreaser Solvents, Acids, volatile organics, semi-volatiles,
Preservatives hexavalent chromium, polyaromatic
hydrocarbons
57, 65(B) Test Firing Rooms Metals, copper, lead, antimony and arsenic

and Areas Ammunition/powders
56, 56A, 57, 57(B), | Small Arms Storage Metals, metals
58 and Repair Ammunition/powders
Perimeter of Cisterns Solvents, Acids, volatile organics, semi-volatile,
complex Preservatives, Foundry hexavalent chromium, polyaromatic
Waste hydrocarbons
55 Foundry Foundry Waste metals
55 Forges Metals, Fuels volatile organics, petroleum and
polyaromatic hydrocarbons, metals
55 Hydraulic Press Oils volatile organics, petroleum and
polyaromatic hydrocarbons, metals
53, 65(A), 65(B), USTs, ASTs Fuels volatile organics, petroleum
120 hydrocarbons, polyaromatic
hydrocarbons, lead
Near 66A Smoke Explosives, Hexavalent explosives, hexavalent chromium,
Stack/Incinerator Chromium, Metals, metals
Powder
56A Transformer Room PCBs PCBs
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Building Number Feature Commodities COls
56A AST in Equipment Fuels volatile organics, petroleum
Room , hydrocarbons, polyaromatic
hydrocarbons

A Conceptual Site Model (CSM) was developed and used during this phase of the project to help
design and guide the investigation and evaluate the results. The CSM was developed after reviewing
the various building histories and activities, previous investigations, numerous field surveys, and
other pertinent documents. Data quality objectives (DQOs) were also developed. A field
investigation program was then developed based on the DQOs and the CSM. The field
investigation was performed, between September 7 and September 28, 1999, yielding information on

the distribution and concentrations of COls.

Based on the results of the field investigation, preliminary ambient metal concentrations in soil were
developed using statistical methods. A human health risk screening analysis was performed that
included the preliminary ambient metal concentrations in soil, organic soil concentrations, and soil
gas concentrations. The analysis was used to eliminate analytes from the COI list that were not
found at concentrations likely to cause a significant health concern. Based on the results of this

investigation and data analysis, 14 chemicals are considered COPC.

Results and Conclusions

The results of the investigation, the preliminary ambient metals concentrations in soil, and the
human health risk screening analysis are summarized below. Identified COlIs are attributed mostly

to historical DoD use at the complex. However, post-Arsenal use has occutred in these buildings
and evidence exists that some original structures (e.g., parkerizing vats in Building 57A) were used
beneficially.

A total of 188 soil samples, 12 soil gas samples, one grab groundwater, and 13 #n-six groundwater
samples were collected. In general, solvents and fuel related hydrocarbons were identified in several
of the areas investigated. Detections of metals are expected in soil because they are mostly naturally
occurring but there are areas that indicate concentrations of various metals ate above ambient
concentrations.

The predominant COls in soil, soil gas and groundwater is from chlorinated solvents. Fuel-related
compounds and metals are also found in soil and groundwater. Some are widespread from multiple
sources and others are isolated to a source.

Solvents. Based on data collected during this investigation, it appears chlorinated solvents have
been released to the subsurface in the vicinity of the 50 Series Complex and beyond the complex to
the southwest and northeast. VOCs were detected in Building 57A near the deepest end of the vat,
south of the vat, and in isolated locations in Building 56 and 55. The extent of trichloroethene
(T'CE) and cis-1,2-dichloroethene (cis-1,2-DCE) in soil are similar and appear to be present under
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much of the 50 Series Complex. The data indicate that the TCE is degrading, by either biotic or
abiotic pathways, into cis-1,2-DCE. This is demonstrated by both the spatial relationships and
relative concentrations observed in the samples.

Fuel Related Compounds. Petroleum hydrocarbons are another COI detected in soil and
groundwater during this investigation. Diesel and motor oil were detected most frequently.
Gasoline and diesel were also detected in groundwater.

The highest concentrations of diesel and motor oil correlate to former UST locations beneath
Bulldmg 56A, Bulldmg 55 and within the uuhty tunnel Gasoline concentraﬁons are elevated in soil

1
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[mg/ kg]) and at Bulldmg 53 USTs beneath Bmldmg 56(A) (1 300 micrograms per liter [ug/1]).

Up to seven separate fuel releases have been identified at and in the vicinity of the 50 Series
Complex: 1) southwest of Building 56A; 2) southeast of Building 56A; 3) south of Building 55; 4)
beneath Building 57A; 5) north of the 50 Sertes Complex; 6) north of Building 120; and 7) at

Bmldmg 103 The fuels n groundwater at the southwest and south&st of Buﬂdmg 56A and

be assocmted Wlth suspected USTs. The sources of the other fuels in groundwater are unknown
based on the available data.

Methyl Tertiary-Butyl Ether (MTBE), a fuel oxygenate used since the early 1970s, was detected in
three groundwater samples at concentrations of 0.59, 0.52, and 17 pg/L. MTBE was first used as an
additive in fuel i in the 1970’s, after Arsenal closure. Therefore, these detections of MTBE indicate a

dwater is Duu(ung 57Aand

southeast of Building 56A.

Metals. Typical metals assoctated with former activities at the 50 Series Complex include antimony,
arsenic, copper, and lead. Elevated concentrations of copper and lead were found in soil samples
from beneath the basement, near the former foundry in Building 55, near the parkerizing vat in
Building 56 and the boiler room at former Building GS(B) Lead was also found in soil at elevated

concentrations in the western POIUOII of Duuumg 204, which may be associated with the former

USTs at Building 154.

PAHs. Polyaromatic hydrocarbons are commonly found associated with fuels. Data from the 50
Series investigation supports this correlation. PAHs were identified in soil and groundwater in the
area of the tool house at former Building 59(A), boiler house at former Building 65(A) and former
Building 58, the transformer room in Building 56A, and the soil removed from the former boiler
room in Building 65(B).

Details about COls at each site feature are described below.

Forsgren Associates/Brown and Caldwell October 2004
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Parkerizing and Degreasing Locations. There is evidence of spills associated with patkerizing
and degreasing activities from site visits and interviews of former employees, which were used to
determine parkerizing and degreasing locations. The investigation of COls associated with
parkerizing and degreasing activities was conducted primarily in Buildings 56 (degteasing), 56A
(degreasing), and 57A (parkerizing). Solvents or acids were used as degreasers. Parkerizing is 2
phosphate finish coated on the metal. There are significant concentrations of VOCs detected in
groundwater extending beneath the 50 Series Complex and in groundwater outside the perimeter of
the 50 Series Complex near the former patkerizing vat in Building 57A, beneath Building 56 and
north of the vat in Building 56.

Boilers and the Breezeway. Boilers were present in three locations of the 50 Series Complex,

B gs 58, , an . Petroleum hydrocarbons an s were detected in soil at Building
56A, near the location of former Buildings 58 and 65(A), and may indicate a surface release of fuels
from the former boiler. In addition to the fuel-related compounds, lead was detected at the same
location.

Diesel, motor oil, lead, and PAHs were also detected in soil in the breezeway between Buildings 56A
and 55. The soil was removed from the former boiler room in Building 65(B) and spread out in the

breezeway. Lead was detected at 550 and 164 mg/kg at T and 3 feet bgs, and motor ol
concentrations are 970 and 450 mg/kg at the same depths. Diesel is less than 120 mg/kg. A variety
of PAHs were detected at concentrations less than 1.4 mg/kg. These results indicate the soil is
impacted with residuals that are likely from the boiler house. Groundwater was not encountered in
any of these bonngs.

Degreaser and Oil/Water Sepatator. A boring was drilled along the western side of Building 57

to assess the potential impact to soil and groundwater from possible leakage of solvents from a
degreaser. Drilling could not continue through hard quartzite encountered at 26.5 feet bgs, so the
boring terminated at 27 feet without encountering groundwater. There was no visual evidence of
staining, discoloration, or elevated PID readings that would indicate an impact to soil ot '
groundwater at this location.

Firing Ranges and Small Arms Storage and Repair. There are three firing ranges in the
basement of Building 57. Groundwater was encountered in one boring outside the firing ranges;
lead was detected in the groundwater sample at a concentration of 0.023 mg/L. The surface in this
area is exposed soil and because the water is near the surface (approximately 0.5 feet bgs), there is
potential that the lead from the neatby firing ranges was introduced directly into the water. Gunite
target material was sampled from the end of each firing range. Arsenic, antimony, copper, and lead
were detected in these materials. ’

At a suspected machine gun test firing area, one hand auger boring was advanced. This boring was
located inside the courtyard atea just north of Building 56A. Petroleum hydrocarbons and lead were
detected. The lead may indicate an impact to soil at this location from the suspected machine gun
test firing area.
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Cisterns. The geophysical survey did not identify any of the suspected cisterns believed to be
located around the perimeter.

ncatinn of ]‘\n tormer
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Foundry Facilities. Building 56B was the
[=]

copper, and lead were reported in soil.

Forges and Hydraulic Press. In Building 55, lead was detected at an elevated concentration in
shallow soil (1,640 mg/kg) and at lower concentrations in the deeper soil, 7.01 mg/kg. Petroleum
hydrocarbons were reported in all three borings drilled at the locations of the former forges and
hydrauhc press Low concentratlons of TCE (less than 2. 1 mg/ kg) was reported in shallow so11

the area of the two suspected forges

Undesground Stotage Tanks. Previous investigations indicate fuels in soil and groundwater at the
former UST locations at Building 53, 154, and 103. USTSs were suspected at other locations within
and in the vicinity of the 50 Series Complex. These locations include the southeast corner of
Building 56A, Building 65(B) and the north side of Building 120.

During the investigation for the boiler houses at the former Building 65(A) and Building 58, results
for soil samples collected reported high concentrations of diesel, gasoline, and motor oil
hydrocarbons. The highest concentration of fuel detected was motor oil with a concentration of
11,000 mg/kg. Groundwater data is lacking beneath Building 56A. Former USTs at Building 154
are located approximately 80 feet southeast of these former buildings. Based on the high soil and
groundwater concentrations, the Building 154 USTs are the likely source of the petroleum

— hydrocarbon contamination in this area.

Similarly, data from the two borings near the southeast portion of Building 56A indicate fuel
impacted soil and groundwater. The source of the fuel is likely the nearby former UST located at
Building 53, but also could indicate a release from the suspected USTs beneath the southeast corner

~ of Building 56A.

Diesel fuel and motor oil were also detected in soil beneath the blacksmith shop at Building 55 and
approximately 20 feet south of the building at BOS7HP002. The extent of the diesel fuel and motor
oil in soil extends beneath most of Building 55 with the highest concentrations beneath the southern
half in the utility tunnel and extending south of the building. Gasoline and diesel fuel were detected
in groundwater in BO57AHPO02. The source of the fuel in groundwater at this location is unknown.
Diesel fuel and gasoline have also impacted the groundwater at BO57AHP003 located approximately
60 feet north of Building 55. There are no other groundwater samples between B057AHP002 and

A s T ETAA

BO57AHP003 to confirm if these two detections are related.

A former UST was located at Building 120. During drilling a hydrocarbon-like odor and an elevated
PID reading of 200 ppm was observed from the saturated clay-like soil. Above the water table (5.0

feet bgs), the soil (sandy clay-like gtavel) was not visually stained and had no odor. The data

Forsgren Associates/Brown and Caldwell October 2004
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indicates that petroleum hydrocarbons may have impacted the capillary fringe, but the soil above the
water table does not appear to be impacted suggesting the petroleum hydrocarbons in the
groundwater have migrated to this area.

Utility Tunnel. Data was collected from 4 hand auger borings (BO55HA001, BO56BHA001,
B056HA002, and BO57BHA001) along the utility tunnel. There is no direct evidence of releases
from the ground floot into the basement soil. Lead concentrations are elevated throughout the
sutface soil. Arsenic and lead concentrations are elevated in the left-over materials from former
sandblasting operations.

Paint Shed/Smoke Stack/Incinerator. There is no evidence of impact to soil from explosives ot

metals from the former smoke stack/incinerator or metals and oils stored in the former paint
shed/shop at former Building 66(A).

Transformer Room. PCBs were reported at concentrations less than method detection limits
(MDLs) in soil. Based on this evidence there appears to be no creditable release of PCBs to
subsurface soil in the transformer room.

Equipment Room. Petroleum hydrocarbons were detected in soil immediately beneath the
equipment room. Based on this evidence there appears to be a release to subsurface soil from the
. former equipment or the former above ground storage tank (AST) that was located in this room.

Human Health Risk Screening Evaluation

The objective of this human health risk screening evaluation is to analyze and to identify COls that
can be eliminated from further consideration based on a comparison of the maximum concentration
of the chemical in soil to the applicable Benicia Screening Levels (BSLs). Given that BSLs represent
COI concentrations in soil that are unlikely to pose a significant risk of adverse health effects, they
may be used to decide if additional site investigation is needed or if a No Further Action (NFA)
decision is warranted. Conversely, maximum concentrations that exceed BSLs indicate that that
COI may be 2a COPC for a particular exposure scenario.

A total of 14 analytes were detected at concentrations that exceeded at least one of the associated
BSLs. Of these, eight COPCs were metals, three were PAHs, one was 2 VOC, and two were
petroleum hydrocarbons. The COPCs are listed below. No organic COPCs were associated with
any of the open space visitor exposure scenarios.
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Summary of COPCs in Soil for the 50 Series Complex

Inorganic Analytes Organic Analytes
Antimony Benzo{a)pyrene
Arsenic Benzo(b)flouranthene
Cadmium Dibenz(a,h)anthracene
Chromium, total Trichloroethyene
Copper Diesel Fuel
fron Motor Oil
Lead
Manganese

complete exposure pathway for commercml/ industrial workers and res1dents To evaluate the
potential risk posed by volatilized chemicals intruding into indoor air spaces, maximum
concentrations reported in soil gas samples were input into the J&E model. For the slab-on-grade
scenario, one VOC (TCE) was associated with an incremental risk above 1 x 10, and no VOCs
were associated with a hazard quotient above 1.0. For the below-grade basement scenario, TCE was
the only VOC associated with an incremental risk above 1 x 10, and no VOCs were associated with

a hazard qugﬁpnf above 1.0.

Recommendations

Recommendations are summarized below.

relatlonshlp of the bedrock topography on contaminant dlst:abuuon in 5011 and groundwater

¢ Conduct additional soil and groundwater sampling to assess the vertical and lateral extent of
VOCs and TPHs southeast of the 50 Series Complex.

¢ Conduct groundwater sampling and additional soil sampling to assess the lateral and vertical

extent of meta.ls TPHs, and PAHs in the area of the former forges at Building 55.
i

¢ Conduct additional soil and groundwater sampling to assess the vertical and lateral extent of
VOCs and TPHs in soil and groundwater in the area of Building 56 and north of the 50 Series
Complex.

o Conduct removal and off-site disposal of the waste materials from the former sandblasting
operations located in the Building 56 basement.

e Conduct additional investigation to determine the lateral and vertical extent of petroleum
hydrocatbons in soil at the equipment room in Building 56A.

Forsgren Associates/Brown and Caldwell October 2004
P:AUS Asmy Corps\Benicia Arsenal\Reports\50S¢ries\Final\Executive Summary.doc




Final - Area 1 50 Series Complex S| Report

...... Ao min PP DRI o PPN | S

Benicia Arsenal, Benicia, California
U.S. Army Corps of Engineers
ES-11

Conduct an additional soil investigation or risk analysis per the soil removed from the former
foundry at Building 56(B).

Conduct removal and offsite disposal of firing range target material from the basement of
Building 57.

Conduct patching of exposed soil at BO57HA004 in the basement of Building 57 to eliminate
potential exposure to constituents mn shallow groundwater. Some soil excavation may be
necessary.

Conduct further soil, soil gas, and groundwater assessment at Building 57A to determine vertical

distribution of VOCs in soil and vertical and lateral extent of VOCs in groundwater related to
Building 57A vat.

Conduct an additional soil and groundwater investigation to determine the latéral and vertical
extent of TPHs and PAHs for the suspected USTs beneath the southeast comer of Building
56A and the tool house at former Building 59(A).

Conduct a groundwater investigation and additional soil assessment to determine the lateral and
vertical extent of TPHs, lead, and PAHs at former Building 65(A) and former Building 58.

Conduct additional soil and groundwater sampling in the vicinity of reported detections of diesel
and motor oil near Building 120.

Conduct additional perimeter groundwater sampling to determine vertical and lateral extent of
VOCs and hydrocarbons.

Conduct an additional soil investigation and/or risk analysis to determine the extent or risk of
lead in soil at the former machine gun test firing range at Building 65(B).

Conduct an additional soil investigation or tisk analysis for the soil removed from the former
boiler house and the suspected USTs at Building 65(B).

Conduct a risk analysis for lead, PAHs, and TPH in soil in the utility tunnel.
No further action under FUDS is recommended to address the Building 56A transformer room.

No further action under FUDS recommended at the former Building 66(A) and the smoke

stack/incinerator.

Forsgren Associates/Brown and Caldwell October 2004
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1.0 INTRODUCTION AND BACKGROUND

The Arsenal is located in Benicia, California, about 25 miles northeast of San Francisco (Figure 1-1).
The Arsenal was created in 1849 with the transfer of 345 acres of land by the founders of the City of
Benicia (Jacobs, 1999). Between 1849 and 1958, the facility grew by land acquisition to a total of
2,728 acres, of which 190 acres were located in Carquinez Strait to the south and Suisun Bay to the
northwest. During its active life, this facility served the United States Army as a principal depot for
ordnance and ordnance stores, issuance, manufacture and testing of small arms. The Arsenal was
declared excess by the government in 1963. Deactivation and closure of the facility were completed
in 1964 (Jacobs, 1999).

The 50 Series Complex is a collection of buildings within the centfal portion of Afea I of the
Arsenal property (Figure 1-2). The complex was originally constructed as three separate workshop
buildings between 1876 and 1884. The remodeling of these buildings occurred over many phases
and included the addition of eight buildings and the removal and telocation of three buildings
(Figure 1-3). Low-lying marshland areas to the west of the complex were filled in during site
development (Figure 1 2) Currently, the 50 Series Complex consists of 11 interconnected buildings

(Figure 1-4).

Thus Site Investigation (SD) Report presents data from an envitonmental investigation conducted at
the 50 Series Complex between September 7 and September 28, 1999. Forsgren Associates/Brown
and Caldwell (FA/BC) conducted the investigation in accordance with the Field Site Investigation
Plan (FSIP) for the 50 Series Complex, the Arsenal-Wide Quality Assurance Project Plan (QAPP),
and the Arsenal-Wide Site Investigation Workplan for the Benicia Arsenal (FA/BC, 1999a, b, and c)
on behalf of and with oversight by the USACE, Sacramento District.

In accotdance with the Formerly Used Defense Sites (FUDS) program and USACE guidance
documents, this SI report documents investigation activities in the 50 Series Complex area within
the Arsenal. Under the FUDS program, land that was previously utilized by the United States
Department of Defense (DoD) that has no “beneficial use history” from subsequent landowners or
lessors will be characterized and if necessary remediated appropriately. Beneficial use of former
DoD land is defined as use by subsequent landowners or lessors in manners that would either mask

contatmimntinn ~acad he AN or cantinne conftaminatian in the camao wrarr
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This document also complies with both Comprehensive Environmental Response, Compensation
and Liability Act (CERCLA) and Resource Conservation and Recovery Act (RCRA) requirements,
as appropriate, for hazardous and toxic waste cleanup actions.

This SI report is organized into ten sections. Section 1.0 presents background information,
including the historical use of each building and a summary of previous investigations. Section 2.0
describes the investigative approach used at the site. Section 3.0 presents a summary of field
methods and sampling rationale. It also summarizes disposal of Investigation Derived Waste (IDW).
Section 4.0 describes the regional, localized, and site-specific geology and hydrogeology. After the
discussions about geology and hydrogeology, water quality data is presented.

Forsgren Associates/Brown and Caldwell . October 2004
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Mioderately alkalifie e .
Strongly alkaline™ 8.5~9.0 # of strongly alkaline
" Very strongly alkaline > than 9.1 # of very strongly alkaline

“Majority of the pH data at the 50 Series Complex maximum
minimum
mean

1

Bicarbonate Alkalinity, Chloride, Nitrate, Nitrite, and Suifate. Table 4-3 shows the results of
bicarbonate alkalinity, chloride, nitrate (as Nitrogen), nitrite (as Nitrogen), and sulfate. Plate 3
(Appendix B) presents the data. Ranges of concentrations for these analytes are summarized in
Table 4-4 and grouped for samples collected from the gunite target material in the firing ranges, soil
near the firing ranges, and the remaining soil samples (non firing range soil samples). The ranges of
analyte concentrations between these groupings are not much different except for the nitrate (as

Nitrogen). The highest concentrations of nitrate (as nitrogen) are from the soil samples neat the
firing ranges and the gunite target matetial samples (Table 4-4). Gun powder contains nitrogen and
would have been present in the gunite target matetial and around the firing ranges. The elevated
concentrations of nitrate (as nitrogen) may be a product of the decomposition of the nitrogen in the
gun powder to nitrate.

Forsgren Associates /Brown and Caldwell
PA\US Asmy Corps\Benicia Arsenal\Reports\50Serics \ Final\Updated Section 4.0.doc




Final ~ Area | 50 Series Complex S Report

ioi Bonicia Oalifaenic
Benicia Arsenal, Benicia, California

U.S. Army Corps of Engineers
Page 57

Table 4-3. Detected Anaiytes in Soil - Wet Chemistry (mg/L)
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| Table 4-3. Detected Analytes in Soil - Wet Chemistry (mg/L} (continued)

F =
< 7]
g 5 5
& & &
Q & &
-3 I3 £
O < =
TocationsiD.. Sample Date: =+ Depth (feet): Soil B e T
108
156
6.13 3.77 <0.173
. 136 | 131J | 1.13J
2.64J <0.0087 | <0.142
16.3 40.9 0.831J
10.2 131 2.43
49.3 64.3 13.2
10.7 5.67 2.16
17.3 <128 0.184 8:26 415
17.7 32.6 < (.165 7.75 132
45 13.3 < 0.201 8.2 247
10.9 3.96 < 0.166 48.6
10.4 4,24 < (0.162 78.7
2.09J 0.278J | <0.152 221
0.842J. ] 0.203J | <0.153 8574
0.873J | <0.106 | <0.154 7.04J
Number of Daotacts: 2 21 16 5 61 21
Total Number of Analyses: 78 78 78 78 78 78
Minimum Concentration: 105 0.842 0.203 0.831 5.8 7.04
Maximum Concentration: 156 51.2 131 13.2 10.2 292
Mean Detacted Concentration: 131 14.509 19.255 3.950 8.2 84.61
QUALIFIER LEGEND:
J The analyte was positively identified; the associated numerical value is the approximate concentration of the

analyte in the sample.
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Table 4-4. Bicarbonate Alkalinity, Chioride, Nitrate (as Nitrogen),
Nitrite (as Nitrogen) and Sulfate Concentrations in Soil
Concentration Range Bicarbonate Nitrate Niitrite
(ma/kg) Alkalinity Chioride (as Nitrogen) (as Nitrogen) Sulfate
Gunite Target Material* - 2.6-493 <0.0987 - 131 <0.142 -13.2 13.8 - 292
Near Firing Ranges™ - 17.3-45 <0.128 - 32.6 <0.184 — <0.201 41.5 - 247
Non-Firing Range - 0.842 -51.2 <0.106 — 4.24 <0.142 — <0.195 20.3-100
*Sail samples BO57HAQ01A, BO57HA001B, BO57HAO02A, BO57HAN02B, B057HAO03A and B057HADO3B callected from the end of

the firing ranges in the basement of Building 57.
**Soil samples BO57HA004 and B0O57HAQ0S.
— Not analyzed. -

Total Organic Carbon. One clayey silt soil sample (B057AHP005) was analyzed for total organic
carbon (TOC) by method Walkley-Black with 2 concentration less than the method detection limit
of 592 mg/kg. This result indicates low organic carbon in soil at this location.

44  Regional Hydrogeology

This section presents a summary of the regional hydrogeologic setting. The principal water-yielding
materials in the north San Francisco Bay Area valleys are unconsolidated and semi-consolidated
marine and continental sediments with tuffaceous beds in volcanic rocks (Planert and Williams,
1995). Consolidated rocks that underlie the entire area have little permeability and form the
boundaries of the groundwater flow system. The permeability and extent of water-yielding deposits
vaties considerably. In all the valleys, alluvial-fan deposits and stream-valley alluvium compose the

———major part of the aquifer (Planert and Williams; 1995, ——————

Groundwater is under unconfined, or water table, conditions in shallow alluvial deposits. The
groundwater is confined or semiconfined in deeper parts of the alluvial deposits and nonaltuvial
formations (Planert and Williams, 1995). Many of the deep deposits are displaced by faults and as a
result, the valleys are a collection of variously connected and isolated aquifers. Generally, the
alluvial-fan and stream-valley alluvial deposits in each basin are sufficiently continuous to be
considered single aquifers. However, the geology is complex and the exact extent and degree of
continuity of many deep aquifers is unknown (Planert and Williams, 1995).

Recharge to the groundwater flow system enters permeable sediments at the valley margins primarily
as precipitation runoff from the surrounding mountains and hills. Other sources of recharge are
precipitation that falls directly on permeable deposits in low-lying areas of the valleys and seepage
through streambeds (Planert and Williams, 1995). ' '

Groundwater movement generally follows surface water drainages. The discontinuous nature of
deep water-yielding materials often makes it impossible to construct accurate basin-wide water level
maps (Planert and Williams, 1995). However, the groundwater flow pattern in deep aquifers is likely
to be similar to that of shallow aquifers. Withdrawals alter the direction of groundwater movement
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locally and can affect significant changes in regional flow patterns if withdrawal rates are relatively
large. Present day (1995) flow patterns, in general, do not differ significantly from those of
predevelopment conditions except locally neat withdrawal centers (Planert and Williams, 1995).
Withdrawal in the past, however, has reversed the freshwater gradient and induced the intrusion of
saltwater in the lower parts of the Napa, Sonoma, and Petaluma Valleys (Planert and Williams, 1995).

4.5  Hydrogeology of the Arsenal

The Arsenal is within the Suisun Basin and is on the westetn edge of the Suisun-Fairfield Valley
Groundwater Basin (California Regional Water Quality Control Board [RWQCB], San Francisco
Bay Region, 1995). The location, quantity, and quality of groundwatet be

well known. This investigation and the concurrent investigation for the Arsenal SHM focused on
collecting stratigraphic and groundwater data to evaluate the site’s hydrogeologic setting, which is
summatized below.

To better understand the hydrogeology at the Arsenal, 17 piezometers were installed as part of the

SHM investigation. The piezometers are PZ-1 through PZ-7, PZ-9 through PZ-15, and PZ-17

mmﬁrmm)—mmmmmcwn
and groundwater elevation data for water levels measured on September 25, 2002. Groundwater
elevations and stratigraphy indicate 2 key hydrogeologic zones at the Arsenal that are briefly

. described below.

e Southern portion of the Arsenal (Area I). Groundwater elevations ranged from 2.15 feet mean
sea level (msl) in PZ-1 to 5.74 feet msl in PZ-6 on September 25, 2002. Groundwater in PZ-3 is
under artesian conditions. On October 29, 2002, groundwater level in PZ-3 was measured
approximately 0.6 feet above the reference point, which is approximately 8.6 feet msl. The
reason for this condition based on the available geological and hydrogeologic data in the area is
not well understood.

e Sulphur Springs Creek Drainage basin. This is the major surface water drainage basin at the
Arsenal. The name of the drainage comes from Sulphur Springs Creek, which flows into Lake
Herman at the northern boundary of the Arsenal. Ovetflow from Lake Herman is diverted into
the Sulphur Springs Creek drainage canal, which outflows to Suisun Bay. Eight piezometers,
PZ-11, PZ-12, PZ-9, PZ-10, PZ-7, PZ-14, PZ-13, and PZ-18, have been installed to evaluate
groundwater in this zone. On September 25, 2002, groundwater elevations ranged from 4.37
feet msl at PZ-11 to 32.02 feet msl at PZ-18.

Three piezometers are not located in wither Area I or Sulphur Springs Creek Drainage Basin. PZ-17
is located on the western hills of the Arsenal. PZ-19 and PZ-20 are located in an isolated valley
between the Sulphur Springs Creek Drainage basin and the Vine Hill area. On September 25, 2002,
groundwater levels were measured in PZ-17 at 152.22 feet msl. PZ-17 is approximately 4,000 feet

‘ from the nearest piezometer in the Sulphur Springs Creek Drainage basin. It is unknown if there is

a hydrogeologic connection to the Sulphur Springs Creek Drainage Canal and PZ-17 based on this
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distance. The groundwater elevation data for September 25, 2002 tanged from 74.09 feet msl at
PZ-19 to 142.13 feet msl at PZ-20. Likewise, it is not clear if groundwater is connected between
these piezometers, because the gradient between the two piezometers is very steep (0.06 feet/feet).
These conditions could occur if the piezometers were screened across the same steeply dipping
water zone. :

In general, water levels at the Arsenal are less than 20 feet deep. Table 4-5 summarizes the water
levels measured in the piezometets and 3 monitoring wells around the 50 Series Complex
(BO57AHP003, BO57AHP005, and BO57AHP006). At times, groundwater has been measured in

PZ-2, PZ-3 and PZ-4 flowing out of these p

iezometers, which

monitoring wells in th

sin O airer 11
e industrial area r

are located in the former marshland

ange from approximately 1 to 8 feet deep. Wh

water measured in all of the remaining piezometers; located north of the industrial area, range from
approximately 5 feet to 20 feet deep. :

Table 4-5. Summary of Historical Groundwater Elevation Data, Benicia Arsenal

ereas, depth to

Ground surface | Reference Depth-to- Groundwater | Change since
Measurement | efevation | elevation groundwater elevation last
Name date (ft-msl) (TOC, ft-msl) | (ft below TOC) (ft-msl)  Imeasurement (ft)| Notes
BO57AHP003 4/17/2000 26.97 26.66 8.01 18.65 -
5/5/2000 9.92 16.74 -1.91
5/30/2000 10.09 16.67 -0.17
6/19/2000 10.82 15.84 -0.73
1/14/2002 10.54 16.12 0.28
1/28/2002 11.07 15.59 -0.53
3/15/2002 11.03 15.63 0.04
4/25/2002 10:97 15.69 0.06
5/24/2002 10.98 15.68 -0.01
6/27/2002 10.61 16.05 0.37
7/24/2002 10.93 15.73 -0.32
8/28/2002 12.056 14.61 <112
9/25/2002 12.21 14.45 -0.16
BO57AHP005 4/17/2000 10.46 10.19 3.34 6.85 -
5/5/2000 ’ 3.45 6.74 -0.11
5/30/2000 3.53 6.66 -0.08
6/19/2000 3.57 6.62 -0.04
1/14/2002 4.25 5.4 -0.68
1/28/2002 4,05 6.14 0.20
3/15/2002 4.02 6.17 0.03
4/25/2002 3.99 6.20 0.03
5/24/2002 418 6.01 -0.19
6/27/2002 3.77 6.42 0.41
7/24/2002 4.26 5.93 -0.49
8/28/2002 4.37 5.82 -0.11
9/25/2002 3.20 6.99 1.17
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. Table 4-5. Summary of Historical Groundwater Elevation Data, Benicia Arsenal {(continued)
Ground surface| Reference Depth-to- Groundwater | Change since
Measurement elevation elevation groundwater elevation last
Name date (ft-msl) (TOC, ft-msl) | (ft below TOC) {ft-msl}) measurement (ft)] Notes
B057AHP006 4/17/2000 9.54 8.31 2.01 7.30 -
5/5/2000 2.88 6.43 -0.87
5/30/2000 3.17 6.14 -0.29
6/19/2000 3.09 6.22 0.08
1/14/2002 2.86 6.45 0.23
1/28/2002 3.03 6.28 -0.17
3/15/2002 2.99 6.32 0.04
4/25/2002 2.94 6.37 0.05
5/24/2002 2.69 6.62 0.25
612712002 2.12 7.19 0.57
7/24/2002 2.41 6.90 -0.29
8/28/2002 3.16 6.156 -0.75
9/25/2002 3.15 6.16 0.01
PZ-1 1/14/2002 6.40 6.09 dry - - 1
1/17/2002 13.02 -6.93 - 1
1/18/2002 12.02 -5.93 1.00 1
1/28/2002 7.7 162 4.3 1
3/15/2002 7.68 -1.59 0.03
4/11/2002 6.56 . 047 112
4/25/2002 6.47 -0.38 6.09
5/24/2002 2,22 3.87 4.25
6/27/2002 3.47 2.62 -1.25
7/24/2002 3.00 3.09 0.47
. 8/28/2002 3.87 2.22 -0.87
9/25/2002 3.90 2.19 -0.03
10/29/2002 4.39 1.70 -0.48
pPZ-2 1/18/2002 8.57 8.02 412 3.90 - 1
1/28/2002 3.93 4.09 0.19 1
3/15/2002 3.90 412 0.03
4/11/2002 0.00 >8.02 - 2
4/25/2002 0.00 >8.02 - 2
5/24/2002 2.26 5.76 -
6/27/2002 0.00 >8.02 - 2
72412002 2.63 5.39
8/28/2002 5.10 2.92 -2.47
9/25/2002 5.87 2.15 0.77
10/29/2002 5.34 2.68 0.53
PZ-3 1/17/2002 8.55 8.05 6.35 1.70 - 1
1/18/2002 4.02 4.03 2.33 k!
1/28/2002 3.60 4.45 042 1
3/15/2002 3.60 4.45 0.00
4/11/2002 0.00 >8.05 - 2
4/25/2002 0.00 >8.05 - 2
5/24/2002 0.00 >8.05 - 2
6/27/2002 0.00 >8.05 - 2
7/24/2002 0.00 >8.05 - 2
8/28/2002 0.00 >8.05 - 2
9/25/2002 0.00 >2.08 - 2
10/29/2002 0.00 8.6 - 3
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Table 4-5. Summary of Historical Groundwater Elevation Data, Benicia Arsenal (continued)

Ground surface | Reference Depth-to- Groundwater | Change since
Measurement elevation elevation groundwater elevation last
Name date (ft-msl) (TOC, ft-msl} | (ft below TOC) (f-msl) measurement (ft)] Notes
PZ-4 1/18/2002 6.25 5.70 13.44 -7.74 - 1
1/28/2002 7.93 -2.23 5.51 1
3/15/2002 7.91 -2.21 0.02
4/11/2002 5.31 0.39 2.60
| 4/25{2002 5.22 0.48 0.09
| 5/124/2002 0.00 >5.70 - 2
| 6/27/2002 : 1.36 4.34 -
7/24/2002 0.00 >5.70 - 2
812812002 0.03 567 : -
9/25/2002 , 0.50 5.20 -0.47
10/29/2002 1.05 4.65 -0.55
PZ-5 . 1/17/2002 9.11 8.75 2.81 5.94 - 1
1/18/2002 3.83 4,92 -1.02 1
1/28/2002 4.83 3.92 -1.00 1
3/15/2002 3.00 5.75 1.83
4/11/2002 2.96 5.79 0.04
4/25/2002 291 5.84 0.05
5/24/2002 , , 2.87 - 5.88 0.09
6/27/2002 2.41 6.34 0.50
7/24{2002 2.99 5.76 -0.12
8/28/2002 437 4,38 -1.96
9/25/2002 N 5.44 -0.32
10/29/2002 3.45 5.30 0.92
PZ-6 1/17/2002 9.11 8.45 3.48 4.97 - 1
1/18/2002 2.98 5.47 0.50 1
172812002 3.21 5.24 -0.23 1
3/15/2002 ' 3.20 5.25 0.01
4/11/2002 3.00 - 5.45 0.20
412512002 2.96 5.49 0.04
5/24/2002 2.75 5.70 0.25
6/27/2002 267 5.78 029
712472002 2.62 5.83 0.13
8/28/2002 2.74 5.71 -0.07
9/25/2002 2.71 5.74 -0.09
10/29/2002 2.87 5.58 -0.13
PZ-7 v 1/28/2002 25.17 24,73 10.59 14.14 - 1
3/15/2002 10.55 14.18 0.04
4/11/2002 11.11 13.62 -0.56
4/25/2002 11.04 13.69 0.07
5/24/2002 1117 13.56 . «0.13
6/27/2002 10.72 14.01 0.45
7/24/2002 11.34 13.39 -0.62
8/28/2002 7.77 16.96 3.57
9/25/2002 11.90 12.83 4,13
10/29/2002 11.94 12.79 -0.04
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Table 4-5. Summary of Historical Groundwater Elevation Data, Benicia Arsenal (continued)

OVLALLY/ VAN WA aldl

L83

P:\US Army Corps\Benicia Arsenal\Reports\50Series\Final\Updated Section 4.0.doc

Ground surface | Reference Depth-to- Groundwater | Change since
Measurement elevation elevation groundwater elevation last
Name date (ft-msl} (TOC, ft-msl) | (ft below TOC) (ft-msl) measurement (ft)i Notes

PZ-9 1/28/2002 15.87 15.45 5.43 10.02 - 1

3/15/2002 5.41 10.04 0.02

4/11/2002 5.80 9.65 -0.39

4/25/2002 5.82 9.63 -0.02

5/24/2002 5.51 9.94 0.31

6/27/2002 497 10.48 0.54

7/24/2002 5.80 9.65 -0.83

8/28/2002 6.02 9.43 -0.22

9/25/2002 5.98 9.47 0.04

10/29/2002 5.80 9.65 0.18
PZ-10 1/28/2002 15.85 15.47 5.13 10.34 - 1

3/15/2002 5.10 10.37 0.03

4/11/2002 6.40 9.07 -1.30

4/25/2002 6.42 9.05 -0.02

5/24/2002 6.57 8.90 -0.15

6/27/2002 6.96 8.51 -0.39

7/24/2002 7.01 8.46 -0.05

8/28/2002 710 8.37 -0.09

9/25/2002 7.11 8.36 -0.01

10/29/2002 7.01 8.46 0.10
. PZ-11 1/28/2002 12.38 11.99 7.50 4.49 - 1

3/15/2002 7.49 4.50 0.01

4/11/2002 8.43 3.56 -0.94

4/25/2002 8.39 3.60 0.04

5/2412002 7.80 4.19 0.59

6/27/2002 6.82 547 0.98

712412002 7.45 4.54 -0.63

8/28/2002 7.35 4.64 0.10

9/25/2002 7.62 4.37 0.27

10/29/2002 7.85 4.14 -0.23
PZ-12 1/18/2002 14.93 14.59 6.52 8.07 - 1
1/28/2002 6.69 7.90 -0.17 1

3/15/2002 6.66 7.93 0.03

4/11/2002 6.89 7.70 -0.23

4/25/2002 6.82 7.77 0.07

5/24/2002 7.09 7.50 -0.27

6/27/2002 789 6.70 -0.80

7/24/2002 7.50 7.09 0.39

8/28/2002 7.65 6.94 -0.15

9/25/2002 7.77 6.82 -0.12

3 10/29/2002 7.89 6.70 -0.12
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Table 4-5. Summary of Historical Groundwater Elevation Data, Benicia Arsenal (continued)
Ground surface | Reference Depth-to- Groundwater | Change since
Measurement elevation elevation groundwater elevation last
Name date (ft-msl) (TOC, ft-msl) | (ft below TOC) (ft-msl) measurement (ft})j Notes
PZ-13 1/28/2002 40.52 40.05 930 30.75 - 1
3/15/2002 9.21 30.84 - 0.09
4/11/2002 10.12 29.93 091
4/25/2002 10.06 29.99 0.06
5/24/2002 10.43 29.62 -0.37
6/27/2002 11.21 28.84 - 0.78
7/24/2002 11.08 28.97 0.13
8/28/2002 . 11.17 28.88 -0.09
9/25/2002 11:26 28.79 -0.09
10/29/2002 11.23 28.82 0.03
PZ-14 1/28/2002 30.47 30.01 8.62 21.39 - 1
3/15/2002 8.59 21.42 0.03
4/11/2002 8.66 21.35 -0.07
4/25/2002 . 8.61 21.40 0.05
5/24/2002 8.78 21.23 ’ -0.17
6/27/2002 8.16 21.85 0.62
712412002 9.00 21.01 0.84 -
8/28/2002 8.96 21.05 0.04
9/25/2002 8.99 21.02 -0.03
10/29/2002 9.06 20.95 -0.07
PZ-17 1/28/2002 163.85 163.32 0.72 162.60 - 1
3/15/2002 0.64 162.68 0.08
4/11/2002 3.79 159.53 -3.15
4/25/2002 3.67 159.65 0.12
512412002 6.21 167.11 -2.54
6/27/2002 10.68 152.64 -4.47
7/24/2002 10.70 152.62 -0.02
8/28/2002 10.93 1562.39 -0.23
9/25/2002 11.10 152.22 -0.17
10/29/2002 11.42 161.90 -0.32
PZ-18 1/28/2002 45.07 44.63 10.04 34.59 - 1
3/15/2002 10.01. 34.62 - 003
4/11/2002 ) 10.31 34.32 -0.30
4/25/2002 10.26 34.37 0.05
5/24/2002 10.57 34.06 -0.31
6/27/2002 11.03 33.60 -0.46
7/24/2002 11.29 . 3334 -0.26
8/28/2002 11.48 33.15 -0.19
9/25/2002 11.61 33.02 -0.13
10/29/2002 11.66 32.97 -0.05
PZ-19 1/28/2002 91.68 91.28 16.57 74.71 - 1
3/15/2002 16.54 74.74 0.03
4/25/2002 : 16.22 75.06 0.32
5/24/2002 16.45 74.83 -0.23
6/27/2002 15.33 75.95 1.12
8/28/2002 17.11 7417 - -1.78
9/25/2002 17.19 74.09 0.08
10/29/2002 , 17.31 73.97 0.12
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Table 4-5. Summary of Historical Groundwater Elevation Data, Benicia Arsenal (continued)

Ground surface | Reference Depth-to- Groundwater | Change since
Measurement elevation elevation groundwater elevation last .
Name date (ft-msl) (TOC, ft-msl) | (it below TOC) (ft-ms) measurement (ft)] Notes
PZ-20 11182002 164.18 - 163.54 13.88 149.66 - 1
1/28/2002 ' 14.46 149.08 -0.58 1
3/15/2002 14.45 149.09 0.01
4/25/2002 14.10 149.44 0.35
5/24/2002 18.45 145.09 -4.35
6/27/2002 17.82 145.72 0.63
8/28/2002 20.89 - 142.65 -3.07
9/25/2002 21.41 142.13 -0.52
10/29/2002 2182 14172 =041
Notes:
1 Measured before development. . Acronyms ’
2 Water flowing out of casing. ’ ft = feat msl = mean sea level TOC = top of casing
3 Water rose 0.6 feet above TOC

Plate 4 (Appendix B) shows the various directions of groundwater flow at the Arsenal based on the
water level measurements from the 17 piezometers. Ultimately, groundwater flows from the
surrounding hills into the Carquinez Strait, but the routes may be influenced locally. In the northern
and central hortion of the Arsenal, groundwater flow into the Sulphur Springs Creek Drainage

om the north, west, and east and then turns south into the Carquinez Strait. In the southern
portion of the Arsenal, where the 50 Series Complex is located, groundwater flows from the hills to
the south and southeast into the Carquinez Strait. :

A study was conducted on July 24 through 26, 2002 to measure water levels every 10 minutes for a
48-hour period in PZ-4, PZ-9, PZ-11, and PZ-12. The putpose of the study was to assess the

nhal influence of the tides on grnundwater levels. PZ-4 is located within the industrial area and
PZ-9, PZ-11, and PZ-12 are located within the Sulphur Springs Creek drainage basin. These
piezometers are also the closest piezometers to the Carquinez Strait. Results indicate that there was
little variation (less than a 0.15 foot) in each piezometer and the pattern of variation is consistent
with the daily high tide/low tide/high tide/low tide pattern. The pattern is most evident in PZ-4,
which is closest to the Carquinez Strait, and less clear in piezometers located farther inland.

Slow recharge rates were observed from several piezometers during development. PZ-1,P7-4,
PZ-6, and PZ-11 are located in the mud flats in the southern portion of the Arsenal and Sulfur
Springs Creek drainage (PZ-11). Recharge estimates ranged from 0.001 ft/minute to 0.003

feet/minute (FA/BC, 2003)..

4.6  Hydrogeology of Area I

Six piezometers (PZ-1 through PZ-6) were installed as part of the SHM effort in this area.

Figure 4-5 is a hydrograph that shows water level elevations in these piezometers and the

three monitoring wells around the 50 Series Complex (B057AHP003, B0O57AHP005, and
B057AHP006). Plate 5 shows the locations of these piezometers and monitoring wells in this area
of the Arsenal. »
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The piezometers and monitoring wells have similar trends in water levels over this time with the
exception of PZ-1, PZ-4 and BO57AHP003. The difference in water level trends may be due to the
close proximity to the Carquinez Strait for PZ-1 and PZ-4. Othet possible influences, such as
localized pumping or watet leaks from water lines need to be investigated. The difference in water
Jevels for monitoring well BO57AHP003 appears to be due the iocation of the monitoring well on
top of a bedrock high.

Two Atea [ piezometer pairs, PZ-2/PZ-3 and PZ-5/PZ-6 were installed to help evaluate water
Jevels in different stratigraphic intervals. The two piezometers in each pair aze installed next to each
other, but are screened across different permeable units (T: able 4-6). The screened interval and
water levels measured in each piezometer pair from March 2002 to October 2002 is summarized in
able 4-6. in pi ir PZ-5/PZ-6 show both upward and downward vertical

dients but generally appear to fluctuate in a similar manor over time. In contrast piezometer pair
PZ-2/PZ-3 shows an upward vertical gradient each month, and both wells were under artesian
conditions for several months.

Table 4-6. Water Level Measurements in Paired Piezometers within Area |
March 15, 2002 to October 29, 2002

Groundwater Elevation (feet msl)

Date PZ-2 pPZ-3 PZ-5 PZ-6
3/15/2002 4.12 - 445 5.75 5.25
4/11/2002 >8.02 (artesian) >8.05 (artesian) 5.79 5.45
4/25/2002 >8.02 (artesian) >8.05 (artesian) 5.84 5.49
5/24/2002 5.76 >8.05 (artesian) 5.88 5.70
6/27/2002 >8.02 (artesian) >8.05 (artesian) 6.34 5.78
8/28/2002 5.39 >8.05 (artesian) 5.76 5.83
9/25/2002 2.92 >8.05 (artesian) 4.38 5.71
10/29/2002 2.15 8.6 (artesian) 5.44 5.74

Screened Interval -2t0-12 -46 to -56 4to-6 -15to0 -25

{feet msl)

Screened interval Clay Clay Silty sand Clay

Soit Type

Comments Screen placed "Screen placed on top of | Screen Screen placed within

across water table | Vine Hill Sandstone placed an intermediate

across permeable unit
water table

Groundwater Eievation {feei msi

4.7

Water level data collected fr
dramatic difference in groundwater eleva

om the 3 monitoring wells surro
tion between the low

Hydrogeology of the 50 Series Complex

) > screened interval = semi-confined to confined conditions

unding the 50 Series Complex indicate a
Jlying sandstone hill and the flat

alluvial area to the south. Monitoring well BO57AHPO003 is located on top of the low-lying

- sandstone hill, and monitoting wells B057AHP005 and BO57AHP006 are both located on the low-
lying area south of the 50 Series Complex (Plate 5, Appendix B). Water level elevations in
B057AHP005 and BO57AHP006 ranged from 5.82 to 7.19 feet above msl since March 2002

(Table 4-7). In contrast, the elevation of the water in BO57AHP003 ranged from 14.45 to 15.69 feet
above msl during the same gauging period (T able 4-7). Despite the difference in groundwater
elevation, all 3 monitoring wells have similar trends over time (Figure 4-5).
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Table 4-7. Water Level Elevations in Monitoring Wells B057AHP003, B057AHP00S5,
and B057AHP006

Date 3/15/02 4/25/02 5/24/02 6/27/02 7/24/02 8/28/02 9/25/02

BO57AHP003 15.63 15.69 15.68 16.05 15.73 14.61 14.45
B0S7AHPCOS 6.17 6.20 6.01 6.42 5.93 5.82 6.99
BOS7AHP006 6.32 6.37 6.62 7.19 6.90 6.15 6.16

Water level data from these wells wete not used to determine groundwater flow directions beneath
the 50 Series Complex because the wells are not likely screened within the same water-bearing zone.
Figure 4-2 is a cross section from B0O57AHP003 to BO57AHP005. The cross section shows the
bedrock high beneath the 50 Series Complex, which is positioned between B057AHP003 and

: OW bedrock may be separating the water-bearing units south
of the complex from any connection to groundwater on the northern side of the bedrock high.

4.8  Water Quality Parameters

Water quality information was used to help assess the hydrogeologic setting for the 50 Series
Complex i L ecific ions. Water quality parameters

measured in the field from grab groundwater samples are shown in Table 4-8 and analytical results
for TDS are presented in Table 4-9. These samples were not filtered and somewhat turbid. As such
the data should be used as a general indication of water quality.

Values of TDS up to 1,000 mg/L are charactetized as fresh water and values from 1,000 mg/L to
10,000 mg/L. are considered brackish water (Driscoll, 1986). TDS values were repotted at less than

000 mg /1., except for BOS7AHPOOS 4,896 mg and BUS7TAHPOOS8 (1, ) mg L),Whlchlrnphes
that the groundwater at the 50 Series Complex is mostly freshwater recharge from rainwater runoff
or surface water infiltration. Additionally, pH ranged from pH 6.88 to pH 7.10 (corrected for
temperature), which is typical for fresh water, whereas in brackish water pH 1s around pH 8.3
(Driscoll, 1986).

Table 4-8. Water Quality Field Measurements for 50 Series Complex

Electrical conductivity Temperature
Trench pH (mhos/cm) (°C) Odor
B056SB002 6.84 484 18.4 None
BO57AHAQ04 7.32 1,105 17.3 None
B057AHP002 7.56 1,122 19.2 None
._BO57AHPQ03 6.98 939 19.9 Strong hydrocarbon
B0O57AHP004 7.22 1,030 19.5 None
BO57AHP0O05 652 5,030 215 None
B057AHP006 7.46 711 25.4 None
BO57AHP008 7.55 1,516 16.9 None
BOS7AGR001 7.20 170 19.0 Slight to moderate organic
{from 18-inch standpipe)
_B120SR001 6.28 1.150 224 _Nope __ '
cm = centimeter °C = degrees Celsius .
Forsgren Associates/Brown and Caldwell October 2004
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The brackish water at BO57AHP005 appears to be influenced by brackish/salt water sources trapped
in former marsh sediments or water from the Carquinez Strait. The source of the brackish water at
B057AHP008 is not understood. B057AHP008 is located within the vat in Building 57A. The
water in this area may be stagnated and recharge from fresh water sources may not be influencing
this area.

In addition to TDS and pH, other water quality parameters that elucidate the hydrogeologic setting
are the concentrations of specific ions. Typically the ionic species present in groundwater are
denived from contact with various mineral deposits. Major cations in groundwater include calcium,
magnesium, sodiumn, and potassium. Anions include bicarbonate sulfate, chloride, and nitrate. .

Table 4-9 and Plate 6 (Appendix B) presents the results of these water quality parameters.

A graphical comparison of the chemical composition of groundwater in the 50 Series Complex with

the chemical composition of seawater is presented in Plate 7 (Appendix B). The shape of the radial

graph which represents seawater is not similar in shape to any of the radial plots for the groundwater

samples, with the exception of BO57AHPO00S5, indicating that the groundwater at the site is not

seawater, but may be mixed with seawater or fresh water. This conclusion is further supportedby

water level elevation data collected with transducers, which showed very little fluctuation in the

water table elevation over a 48-hour period. BO57AHP005’s radial shape is similar to seawater, but

it is clearly different than the nearest sample at BO57AHP006. Both monitoring wells ate located in

clayey soils south of the 50 Series Complex. .

Radial shaped graphs of water quality parameters measured from 9 borings and the standpipe in
Building 57A were grouped based on shape (Table 4-10). The location and associated water quality

relaﬁonsh1ps based on shape is described ‘below.

Table 4-10. Groups with Similar Shéped Radial Plots

Group 1 Group 2 Group 3 Group 4
B0O57AHPOO0S (4,890) | BO57AHPQ02 (755) B056SB002 (290) | BOSTAHPOO0S8 (17,130)
Sea water B057AHP006 (395) BO57HAO04 (670) BO57AGR001 (985)
B057AHP003 (655)
BO57AHP004 (740)

(Total dissolved solid concentrations in milligrams per liter)

s  Group 1 is based on BO57AHPO0S at the southeast corner of the 50 Series Complex and
seawater. The radial shapes are dominated by sodium/potassium and chlotide with much lower
proportions of bicartbonate and magnesium.

. Samplellocations in Group 2 are on the southern and eastern petimeter of the 50 Series
Complex (Plate 7, Appendix B). Sodium/potasstum and bicarbonate with lesser portions of
chloride and calcium dominate Group 2 radial shapes.

Forsgren Associates/Brown and Caldwell ' October 2004
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¢ Group 3 includes sample locations on the western and north portions of the 50 Series Complex
(Plate 7, Appendix B). Chloride concentrations are much lower in Group 3 than Group 1.

nrnnn 4 inclhades water eamnlpﬂ within Rm]dmo 57A (Plﬂtﬁ 7 Am)endu( B) GrouD 4is
predotmnately sodium/ potassmm with much lower proportions of sulfate, b1carbonate chloride,
calcium, and magnesium. Water sample BO57AGR001 was taken from a standpipe within the
parkerizing vat. Water sample at BOS7AHP0O08 was in the middle of U- shaped vat. Similarities
between these radial plots indicate that the water in the vat is connected with the undetlying soil.

If the groupmgs are evaluated based on TDS concentratlons the groundwater may trend high TDS

3 and Group 4 (low TDS)

49 Evaluation of Ambient Metals Concentrations in ASoil

This section documents the procedures used for calculating preliminary ambient metals

oncenuanonmsmmmcjﬁ&ncsﬁgmplc The ambient metals concentrations were used in

the human health risk screening analysis, which is described in Section 7.0 of this report. Specific
methods that FA/BC used to determine background concentrations for metals in soil are presented.
Sufficient detail is provided to allow the calculations to be repeated, if desired.

It is expected that the ambient metals concentrations calculated in this report will be revised as
additional data become available. Also, an analysis of existing data is currently scheduled that will
examine the effects of sample depth, soil type and stratigraphic unit on metals concentrations

measured in soil. That analysis is described as a “preliminary data characterization™ in Figure 7A-1
of the Arsenal-Wide Investigation Workplan (FA/BC, 1999¢). The current effort (i.e., development
of preliminary ambient metals concentrations for the 50 Series Complex) was not originally planned
and, therefore, is not shown Figure 7A-1. However, the methods used to calculate the preliminary
ambient metals concentrations in soil for the 50 Series Complex are in general accordance with the
earlier document (FA/BC, 1999¢). '

49.1 General Approach

The statistical methodology for calculating ambient metals concentrations for the 50 Series Complex
is based on the California Department of Toxic Substances Control (DTSC) guidance document
entitled “Selecting Inorganic Constituents as Chemicals of Potential Concern in Risk Assessments at
Hazardous Waste Sites and Permitted Facilities.” (DTSC, 1997). The DTSC document presents an
approach that extracts “ambient data sets” from larger “expanded data sets.” Expanded data sets
consist of site characterization data that are typically collected to assess the magnitude and extent of
possible contamination. Because the number of site characterization samples is usually large, this
method does not require the collection of “ambient-specific” or off-site samples. This is a
particularly effective technique for soil samples that are analyzed for many metals because a sample
contaminated with one metal may exhibit ambient concentrations for the remaining metals. Once

roragl:cn nssocmtes/ Brown and Caldwell Octob
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the ambient data sets are formed, a concentration that is representative of the upper tange of
ambient conditions is calculated, and measurements from impacted soil samples are compared to

that limit.

In general, this method produces more accutate results than methods that calculate ambient
concentrations from a small number of samples collected from known uncontaminated areas. One
reason for this increased accuracy is that the ambient data sets prepared using the “expanded data
set approach” are usually larger than traditional ambient data sets. Also, variability resulting from
influencing factors such as soil type is likely to be less for the expanded data set approach because
ambient samples are collected in closer proximity to contaminated samples.

4.9.2 Data Compilation

Data from all investigations conducted to date by FA/BC at the Arsenal were combined to form
expanded data sets. These data are shown in Table H-1 and include results from the following
investigations:

Atreas 53, 73, 103 and 154

Fuel Only Facilities
Landfills and Quatries

50 Series Complex

Site Hydrogeologic Model

Ambient metals concentrations were calculated for all metals for which Benicia Screen.ing Levels
(BSLs) have been developed (FA/ BC 2002b) These metals include aluminum, annmony, arsenic,

rnoiybdenum mckeL selemum sﬂver tha]]mrn tin, vanadmm and zinc. Amblent concenttatlons
were not determined for hexavalent chromium, calcium, magnesium, sodium or potassium.

All primary (non quality control [QC]) soil samples were included in the analysis with the following
exceptions: -

Sample Name Reason for Excluding

B053TR001-S03 Imported fill for UST

BO53TR001-S06 Imported fill for UST

B0O56GR001-S01 Left-over material from sandblasting operations

BO57HAQ001-S01A Gunite target material from firing range

B0O57HA001-S02A Gunite target material from firing range

B0O57HA002-S01A Gunite target material from firing range

BOS7HA002-S02A Gunite target material from firing range

BO57HA003-S01A Gunite target material from firing range

BO57HA003-S02A Gunite target material from firing range
Forsgren Associates/Brown and Caldwell October 2004
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Results from field duplicates (QC samples) were not included in the expanded data sets to avoid
violating the assumptions of homoscedasticity and independence that undetlie many statistical
methods. Homoscedasticity means that the uncertainty associated with each measurement is

- identical, which would not be true if duplicate samples were averaged. Using duplicate samples
without averaging them would cause the data to be serially correlated, thereby violating the
assumption of independence.

Data that are qualified with a “J” (i.e., estimated values) were included in the expanded data sets and
were tréated in the same manner as other data.! The majority of J-qualified data represent
concentrations that are between the method detection limit (MDL) and the method quantitation
limit.

Non-detects that were greater than four times the minimum detected value were not included in the
expanded data sets. A total of four results (one each for antimony, beryllium, molybdenum and tin)
were excluded based on this criteria. Those values are identified in Table H-1.

Non-detects were set equal to one-half the reporting limit for all graphs and calculations associated
with the ambient evaluation.

4.9.3 Data Characterization

In accordance with the DTSC guidance, a variety of summary statistics were calculated for the
expanded data. Those summary statistics are defined below and presented in Table H-2. The
median, mean, standard deviation, coefficient of vatiation and skewness were not calculated for data
sets with fewer than 50 percent detected values.

jons — ber of results including detects and non-detects )

number of detects — number of values at or above the reporting limit, which in this case is the MDL
number of non-detects — number of values reported as “< MDL”

percentage of detects — number of detected values/total number of values * 100

maximum detect — the maximum detected value

minimum reporting limit — the lowest reporting limit which, for this project, is the MDL

maximum reporting limit — the highest reporting limit which, for this project, is the MDL

1 There has been considerable research on the effects of using estimated data in statistical calculations, and the general
consensus is that better results are obtained if the actual data are used versus the censored data (ie. “3.2 J” provides
more information than “<5%).

[y
[}
D
h ¢
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median — the 50th percentile of the data

mean — the arithmetic average

standard deviation — a measure of vatiability
coefficient of variation — standard deviation/mean

skewness — measures the deviation of the distribution from symmetry

Also in accordance with DTSC guidance, data sets were identified in Table H-2 that displayarange

of detected values of more than two orders of magnitude and/or a coefficient of variation greater
than one, because those data sets may be representative of mote than one population. Arsenic,
- cadmium, chromium, copper, lead, mercury, nickel, selenium, tin and zinc met one or both criteria.

The expanded data sets were further characterized by testing for normality using the Shapiro-Wilk
hypothesis test. Normality tests indicate whether or not the data satisfy the assumption of normality,
which underlies many statistical methods. Non-normal data can indicate the presence of multiple

populations. Distributional tests were conducted on both non-transformed and the log-transformed
expanded data. Results of those tests are presented in Table H-3. All data sets, with the exception of
manganese and silver are neither normally nor lognormally distributed at a significance level of 5
percent. Manganese is lognormally distributed and silver is normally distributed.

Non-detects were not included in distributional testing for metals with fewer than 70 percent
detected concentratlons (1 e., anumony, cadrmu.m mercury, molybdenum selemum silver and tin).

dlstrlbuuon of the data it was only employed SO that normahty testmg could be used as a tool for
temoving upper-end outliers. Nonparametric methods, which do not assume a particular
distribution, were used to calculate ambient concentration limits for those metals with fewer than 70
percent detected values.

Ranked data plots and normal probability plots were constructed for each expanded data set
(Figures H-1 and H-2, respectively). In some cases, extremely high values were removed prior to
constructing the plots because outliers on graphs tend to obscure characteristics of the rest of the
data (excluded values are identified in Table H-5). Non-detects were not included in the probability
plots for metals with fewer than 70 percent detected values. The type of data used in the probability
plots (i.e., non-transformed or log-transformed) is consistent with the distribution of the ambient
data. Only non-transformed data were used to construct the ranked data plots.

Forsgren Associates/Brown and Caldwell October 2004
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4,9.4 Formation of Ambient Data Sets

Ambient data sets were formed for each metal by removing values from the expanded data that
appear to lie outside the ambient population. Data points were removed in groups or individually,
based on visual inspection of the ranked data plots and probability plots presented in Figures H-1
and H-2. Distributional testing and probability plotting were conducted following each removal
operation. Outlier removal continued until the remaining data wete shown to be either normally or
lognormally distributed at a significance level of 5 percent. Results of normality testing for the
ambient data are presented in Table H-4, and probability plots of the ambient data are shown in
Figu'i:e H-2. Non-detects that were removed from data sets with fewer than 70 percent detects were
added back in prior to calculation of ambient concentration limits.

In some cases, when it appeared that the expanded data include more than one distinct population,
the population nearest the origin was selected to represent ambient conditions. This approach is
consistent with the DTSC guidance. Further inspection of the data during the next phase of the
ambient study, however, may show that there is more than one ambient population. For example,
the population nearest the origin may represent ambient conditions in sandy soil, whereas the
populauon further from the ongm may represent ambient condmons in clay Although low values

to avoid madvertent removal of the popu]auon nearest the origin. Low values were not removed
from data sets with fewer than 70 percent detects.

The expanded and ambient data are ordered from largest to smallest in Table H-5. Results are
presented side-by-side so that values removed from the expanded data sets to form the ambient data
sets can be readily identified.

4.9.5 Calculaton of Ambient Concentration Limits

Ambient concentration limits for metals were calculated as the 95th percentile of the ambient data
sets. Because sample sizes are large and there is minimal scatter in the data, the less conservative
99th percentile may be warranted. As mentioned previously, however, limits presented in this report
are preliminary; it is planned that additional data will be included in the ambient metal analysis and a

more in-depth data characterization will be conducted. If justified, future evaluations of ambient
conditions will use the 99th rather than the 95th nprrenh]e to represent ambient conditions

A s W A S A A A AR A AR PR Al 0 APl |1 LIRS,

The method used to calculate the 95th percentile depended on the frequency of detected values and
the distribution of the data. For analytes with fewer than 70 percent detects, a nonparametric
approach was used that does not assume a particular statistical distribution. Although detected
values in the data sets were shown to be normally or lognormally distributed, those disttibutional
assumptions should not be applied to the entire data set. For analytes with greater than 70 percent

detCC!:S t_:he 9';1'11 nercentile wag calenlated with eanatione that acsuime a narmal ar loonnrmal
o2 PUICCITAS WAS CAALAA WAl LOUAIQIS TRAt assiilic a 1I0INa: ©OF :0gnionna.

distribution of the data, as appropniate.

The 95th percentile for analytes with fewer than 70 percent detects was calculated using the
following nonparametric procedure, which is presented in Gilbert (1987).

Forsgren Associates/Btown and Caldwell October 2004
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1. The data were ordered from smallest to largest.
2. “k” was calculated as follows: k = p(n+1), where p=0.95 and n=number of observations.
3. The 95th percentile was set equal to the kth ordered value. If k was not an integer, the 95th
petcentile was obtained by interpolation between the apptoptiate ordered values.
The 95th percentile for data sets with at least 70 percent detected values was calculated using
equations 11.1 and 13.24 presented in Gilbert (1987), as shown below.
normally distributed data
%, = mean + (Z, * sdev) (equation 11.1)
where: % = p® percentile of the sample
o = p" percentile of the standard normal distribution
log-normally distributed data
x, = EXP [mean + (Z_* sdev)] {equation 13.24)
Upper concentration limits for all ambient metals data sets are summarized in Table 4-11.
Table 4-11. Ambient Concentration Limits for Metals in Soil at
Benicia Arsenal (Preliminary)
Analyte Ambient Concentration Limit (mg/kg)
Aluminum 28,300
Antimony 8.52
Arsenic 16.9
Barium 224
Beryllium 0.829
Cadmium 0.866
Chromium 75.3
Cobalt 13.3
Copper 40.5
Iron 52,600
Lead 201
Manganese 1070
Mercury 0.287
Molybdenum 2.51
Nickel 38.3
Selenium 0.605
Silver 1.67
Thallium 0.850
Tin 19.0
Vanadium 92.2
| Zinc 126

October 2004
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