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EXECUTIVE SUMMARY

The U.S. Air Force (USAF) conducted a remedial investigation/feasibility study (RI/FS) at
Site DP98, Elmendorf Air Force Base (AFB) Alaska. An engineering evaluation/cost analysis (EE/CA)
was completed in 2001. However, because of the nature and extent of soil and groundwater
contamination, it was determined that the EE/CA was not appropriate for Site DP98. The RI/FS was
conducted in accordance with the USAF Environmental Restoration Program and under the guidelines of
the Federal Facilities Agreement (FFA) for Elmendorf AFB, Alaska.

REMEDIAL INVESTIGATION

Objectives for the RI were to fully delineate the nature and extent of contamination in all
environmental media at Site DP98, determine what type of risks these contaminants could present to
human and or ecological receptors, and establish preliminary applicable or relevant and appropriate
requirements (ARARs). Once these objectives were met, their results were used to establish remedial
action objectives for Site DP98, which in turn were used to develop the FS.

The RI field program was conducted in the summer and fall of 2002 to collect the data needed to
meet the objectives of the RI. This included a further investigation of contaminants in shallow
groundwater, surface water, and sediment and to determine if contaminants detected in previous
investigations had reached a lower unit of the aquifer beneath Site DP98. Field activities included:

e Installation and sampling of four monitoring wells (plus one replacement well) to determine the
hydrologic conditions beneath the shallow unconfined aquifer.

e Installation and sampling of twelve well points at the base of the slope located approximately 300
feet north of the Facility.

e Collection of six surface water and sediment samples near areas of potential contamination to
evaluate the risk to human health and the environment.

e Completion of an aquifer pump test in one of the new wells (41755-WL21) with transducers in
four surrounding wells.

e Installation and operation of a free product recovery system at one well (41755-WLO01) for
approximately two months.

With the data from the 2002 field investigation, analytical and hydrostratigraphical information
was used to evaluate the potential impacts of contaminants at Site DP98. Several investigations have
been performed at Site DP98 since 1995. These include field programs conducted for the State-
Elmendorf Environmental Restoration Agreement (SERA) Phases IV (1996), VI (1997), VII (1998), and
VIII (1999) and the 2001 EE/CA. Data from these previous investigations as well as the data collected in
2002 were evaluated together to reach a more thorough understanding of conditions at Site DP98.

Hydrogeology
The objective of the hydrogeologic evaluation was to identify the major water-bearing units,
assess the groundwater flow regime, and identify any preferential pathways for groundwater flow.

Site DP9S is located on Elmendorf End Moraine deposits, which overlie clay and silt units of the
Bootlegger Cove Formation. As a result, the geology and hydrogeology of the site is very complex and
controlled by lateral and vertical heterogeneities typical of glacial moraine deposits. Five separate
geologic units were identified at Site DP98. Two of these units are the primary water-bearing zones at
Site DP98. These zones consist of a clayey gravelly silt and gravelly sand unit, and a gravelly silty sand
unit,

These two water-bearing units are not, however, separated by a continuous aquitard and are
considered to be within the same aquifer system. A discontinuous aquitard is present beneath the Facility
and southern portion of Site DP98, which thins and changes composition (and permeability) northward
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into the wetland area. The presence of the aquitard results in semi-confined conditions in several
locations. This accounts for the rise in groundwater head in some wells above the static water level table.
In summary, it is likely that only one water table aquifer is present beneath Site DP98 and, in some
locations, demonstrates semi-confined conditions.

An aquifer pump test was conducted to acquire additional data on aquifer characteristics and to
determine if communication between the two water-bearing units is occurring through the discontinuous
aquitard. Results indicated that some degree of groundwater communication between the clayey gravelly
silt and sandy gravel water-bearing units was occurring.

Contaminant Screening Criteria

To establish the nature and extent of contamination in any of the environmental media at Site
DP98, a comparison of analytical data was required. Preliminary ARARs and media-specific toxicity
data were used to establish screening criteria. These criteria included both Alaska Department of
Environmental Conservation (ADEC) and Federal regulatory action levels. Where more than one
potential screening criteria was available, the most conservative values were chosen. A summary of
proposed action levels is provided in Table ES-2.

Nature and Extent of Soil and Sediment Contamination

Results from the screening of soil analytical data indicate that diesel range organics (DRO) are
the primary petroleum hydrocarbon contaminant in soils, and that trichloroethene (TCE) is the most
common volatile organic compound (VOC) observed in soil at the site. Additional contaminants
(gasoline range organics [GRO] and TCE breakdown products) are also prevalent and detected above
screening criteria at Site DP9S.

There are two distinct and separate areas of DRO contaminated soil. One area is located
approximately 600 feet north-northwest of the former underground storage tank (UST) area at the
southwest corner of Building 18224 (Figure 1-2). Groundwater is shallow in this area, and most of the
soil impacts are below the saturation zone. DRO is present in soil at concentrations up to 42,000
milligrams per kilogram (mg/kg). DRO is observed in soil to depths of 5 to 10 feet below ground surface
(bgs) in this area. The other area, located beneath Building 18224, has DRO concentrations in soil up to
37,100 mg/kg. DRO is observed in soil to depths of at least 26 feet bgs in this area. GRO and residual
range organics (RRO) concentrations were measured in soil samples from the same area at lower
concentrations. TCE was measured in soil samples at concentrations up to approximately 60 mg/kg. The
highest area of TCE concentrations in soils center around the end of the former drainage tile which
extends north from Building 18224. TCE contaminants commingled with the DRO contamination
beneath Building 18824 and near the outfall of the drainage tile.

Volume estimates of contaminated soil included soil above the water table (unsaturated) and
below the water table (saturated) in what is often referred to as a groundwater smear zone. The total
volume of soil (both saturated and unsaturated) with DRO concentrations greater than the screening
criteria (250 mg/kg) was estimated to be approximately 360,000 cubic yards. The volume of soil with
DRO concentrations greater than the screening criteria above the saturated zone is estimated via computer
interpolation to be approximately 107,000 cubic yards. The volume of TCE contaminated soil above the
screening value of 0.027 mg/kg in unsaturated soil is approximately 127,000 cubic yards.

As with soil, DRO is the most prevalent fuel contaminant in sediment samples; for VOCs, both
TCE and cis-1,2-dichloroethelene (DCE) are common contaminants.

The extent of DRO contamination in the sediment indicates a potential impact to the nearby
wetlands. A review of all sediment results revealed DRO and RRO in the sediment north of Building
18224 at concentrations above preliminary ARARs. The source of these fuel compounds is probably
groundwater seepage at, or very near, the base of the slope where contaminated groundwater intercepts
the ground surface.
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RCRA metals (arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver) were
also sampled for and evaluated at Site DP98. Metals that were not considered to be within background
levels were included for further evaluation in the human health and ecological risk assessments.

Nature and Extent of Groundwater and Surface Water Contamination.

Results from the screening of groundwater and surface water analytical data indicate that DRO
are the primary petroleum hydrocarbon contaminant in water, and that TCE is the most common
chlorinated contaminant observed in water at the site. Additional fuel contaminants (GRO) and
chlorinated contaminants (TCE breakdown products) are also found above screening criteria at Site DP98.

Dissolved DRO were detected at concentrations up to 1,300 mg/L in groundwater. The screening
criteria used for DRO is 1.5 milligrams per liter (mg/L). Dissolved DRO concentrations above screening
levels were also observed in the same area as the soil impacts, with the highest concentrations observed
approximately 300 feet north-northwest of the northern extension of Building 18220. Dissolved DRO in
groundwater extends approximately 600 feet north-northwest of Building 18224, with a plume width of
approximately 300 feet. Dissolved GRO (screening criteria of 1.3 mg/L) and RRO (screening criteria of
1.1 mg/L) concentrations were measured in groundwater samples from the same area at concentrations up
to 4.4 mg/L and 1.7 mg/L respectively. Free product has been observed on the groundwater surface in the
area beneath and around Building 18224 at thicknesses ranging from a thin sheen to over 3 feet. Product
thickness has decreased since the maximum of 3.26 feet was measured in well WLO1 in 1998.

Based on historical site operations and the observed contaminant distributions, it is inferred that
the DRO distribution at the site is a result of releases from the former USTs and vehicle maintenance
operations in Building 18224. A portion of the released DRO migrated vertically through unsaturated soil
and dispersed laterally, resulting in the distribution observed under Building 18824. A portion of the
released DRO also appears to have preferentially migrated through the western Building 18224 drain tile
network. This portion of the release appears to have been discharged to the surface near the base of the
slope where it then migrated over the surface and infiltrated into the subsurface to produce the distribution
observed north of Building 18220. The two plumes combine downgradient due to groundwater migration
pathways.

TCE was observed in groundwater at concentrations above the screening criteria (0.005 mg/L) up
to 5.0 mg/L. The distribution of TCE in groundwater is less extensive than DRO, and is centered under
Building 18824. The distribution of GRO, RRO, and TCE are inferred to be a result of vehicle
maintenance activities conducted at Building 18224, with minor releases to floor drains and the drain tile
resulting in the observed distribution.

All but one of the surface water samples were collected at the same locations as sediment samples
in the wetland area. Analytical results indicated that surface water in some areas has been impacted by
contaminants from Site DP98, with RRO being the most common fuel contaminant and TCE the most
common chlorinated contaminants. RRO was detected twice above the screening criteria (1.1 mg/L) and
DRO once above screening criteria (1.5 mg/L). TCE was detected in one sample above the screening
criteria (0.005 mg/L). No sample results exceeded screening criteria for total aromatic hydrocarbons
(TAH) or total aqueous hydrocarbons (TaqH).

Free Product Recovery

In July 2002, the Magnum Spillbuster™, was installed in well 41755-WLO1 to determine the
maximum amount of product that could be recovered using an active skimmer system. The system
operated for approximately 3 weeks before malfunctioning. During this time, the system collected less
than 1 gallon of product. After cleaning and optimizing of the system components in August 2002, the
product recovery system was restarted. However, after another month of continuous operation, less than
0.5 gallon was recovered. The system was shut down in September 2002.

Groundwater Modeling
Fate and transport modeling using BIOCHLOR computer software demonstrated that natural
attenuation of both chlorinated solvent and fuel contaminants is occurring in the unconfined aquifer.
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However, using modeling, concentrations of these contaminants above preliminary ARARs are estimated
to reach the wetland within 5 years. TCE and DRO have been detected at the base of the slope and edge
of the wetland, which confirms the results of the groundwater model.

Max flux calculations suggest that no less than 137 years, at a minimum, would be required
before all of the dissolved DRO in groundwater migrated from the Facility area to the wetland area. It is
estimated to take approximately 29 years, at a minimum, for all of the dissolved TCE to migrate from the
upper elevated area to the wetland area. It should be noted that these estimates do not take into
consideration continued contribution of TCE and DRO contamination from soils above the groundwater
saturation zone, which contain high concentrations of these contaminants. They also do not take into
account natural attenuation of the contaminants.

Human Health Risk Assessment
A conceptual site model (CSM) was developed for each of two land use scenarios at Site DP9S;
current land use and future land use.

As part of the current land use at Site DP98, three human populations were evaluated as part of
the risk assessment: civilian and military building workers, and construction workers. Three populations
were selected for evaluation under future land use conditions: residents, neighborhood children (ages 6 to
12 years) as recreational users or trespassers, and construction worker exposure (also selected for
quantification under the current land use scenario). Two separate conceptual site models (CSMs) were
prepared to reflect the current and future land use scenarios. From the CSMs, the following pathways and
potential exposure scenarios were evaluated:

Current Land Use:

e Military and civilian workers in Building 18224 exposed to volatile contaminants in indoor air
moving from groundwater through the subsurface into the building;

e Military and civilian workers using impacted groundwater as a drinking water source;

e Construction worker exposure to contaminants in the surface and subsurface soils (also evaluated
under future land use); and

e Construction workers exposed to contaminated groundwater through inhalation of volatiles and
dermal absorption through the skin (also evaluated under future land use).

Future Residential Land Use:

e Future residents exposed to contaminants in groundwater through incidental ingestion, dermal
contact, and inhalation of groundwater vapors during use of groundwater by residents for
domestic activities, including drinking, bathing, and cleaning;

e Future residents exposed to contaminants in surface soil through incidental ingestion, dermal
contact and inhalation of fugitive dusts and soil vapors;

e Neighborhood child exposures to wetland sediment through incidental ingestion, vapor
inhalation, and dermal contact with sediment during recreational/trespass activities; and

e Neighborhood child exposures to wetland surface water through inhalation of vapors and dermal
contact with surface water during recreational/trespass activities.

Noncancer health hazards and cancer risks were calculated for reasonable maximum exposures
(RMEs) and central tendency (CT) exposure conditions (see Table ES-1). RME hazard/risk estimates are
based on the maximum exposure that is reasonably expected to occur at the site. CT hazard/risk estimates
are based on the typical or average population exposure concentration. The target cumulative cancer risk
level for ADEC is 1 x 107, and EPA defines acceptable target risks to range from 10~ to 10°°. The target
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health goal for noncancer compounds is a hazard quotient (HQ) equal to or less than 1. The HQ is the
ratio of contaminant intake to the contaminant specific reference dose, which is the dose above which is

Table ES-1
Summary of RME and CT Cumulative Human Health Hazard/Risk Estimates for Each Exposure
Scenario
Land Use Exposure Scenario Exposure Population Exposure Medium Total Hazard/Risk
Scenario
Hazard Index |Cancer Risk
Reasonable Maximum Exposure
Current || Civilian Building Worker Adult Tap Water 83 3E-03
Indoor Air (GW) 0.5 4E-04
Total 84 3E-03
Military Building Worker Adult Tap Water 83 4E-04
Indoor Air (GW) 0.5 6E-05
Total 84 5E-04
Construction Worker Adult Surface/Subsurface Soil 0.07 1E-06
Groundwater 9 3E-05
Total 9 3E-05
Future Resident Child (age 0-6 years) Tap Water 875 NE
Surface Soil 0.2 NE
Total 875 NE
Child/Adult (age 0-70 years) |[Tap Water 476 6E-02
Surface Soil 0.05 9E-06
Total 476 6E-02
Neighborhood Elementary Aged Child (age [Wetland Surface Materials 0.01 6E-08
Recreational Child 6-12 years)
Wetland Surface Water 0.007 8E-07
Total 0.02 8E-07
Central Tendency
Current || Civilian Building Worker Adult Tap Water 50 4E-04
Indoor Air (GW) 0.4 7E-05
Total 50 5E-04
Military Building Worker Adult Tap Water 57 1E-04
Indoor Air (GW) 0.5 3E-05
Total 57 2E-04
Construction Worker Adult Surface/Subsurface Soil 0.03 6E-07
Groundwater 6 2E-05
Total 6 2E-05
Future Resident Child (age 0-6 years) Tap Water 346 NE
Surface Soil 0.07 NE
Total 346 NE
Child/Adult (age 0-70 years) [[Tap Water 168 6E-03
Surface Soil 0.03 2E-06
Total 168 6E-03
Neighborhood Elementary Aged Child (age [[Wetland Surface Materials 0.006 9E-09
Recreational Child 6-12 years)
Wetland Surface Water 0.003 2E-07
Total 0.009 2E-07
Risks and hazards that exceed target health goals are bolded.
CT — Central tendency
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NE — Not evaluated. Cancer risks are not evaluated separately for the 0 to 6 year old age group, but are included in the child/adult evaluation.
RME - Reasonable maximum exposure
GW — Groundwater

associated with adverse health effects with an adequate margin of safety. The hazard index is a
summation of all non-cancer human health hazards (HQs) combined for a certain exposure pathway, such
as contact with soil or use of groundwater for domestic purposes.

Under current land use conditions, use of the groundwater as a drinking water source would result
in risks and hazards that exceed target health goals primarily due to the occurrence of elevated levels of
TCE, DRO, cis-1,2-dichloroethene (DCE), and tetrachloroethene (PCE). Indoor air presents some health
concerns to workers due primarily to concentrations of TCE as well. TCE is also the risk driver for
construction worker dermal contact with groundwater. Currently, groundwater is not used for domestic
purposes by the Facility at Site DP98.

Again, under future residential land use conditions, drinking the groundwater would result in
risks and hazards in excess of target health goals due to elevated concentrations of mostly TCE, PCE,
naphthalene, and cis-1,2-DCE.

Contaminants that exceeded human health goals were considered to be contaminants of concern
(COCs) and were assigned preliminary action levels. These chemicals and action levels are discussed in
the RAO section in this summary. A summary of risks and hazards for each exposure scenarios is
included in Table ES-1. Table ES-2 contains a list of COCs identified for Site DP9S.

Ecological Risk Assessment

The first stage of the ecological risk assessment for Site DP98 was to determine whether a
detailed, quantitative ecological risk assessment (required whenever the potential for an ecological threat
from site contaminants exists) of the site was required. While it was determined that no federally or state-
designated critical habitat is present at Site DP98, complete exposure pathways exist at Site DP98 that
result in a exposure of ecological receptors to site contaminants. In particular, it was found that aquatic
receptors may be exposed to site contaminants in freshwater and sediments and that terrestrial receptors
may be exposed to site contaminants in surface soil 0 to 2 feet bgs.

Ecological risk assessments do not normally evaluate risks to all species present at a site. The
large number of species present at most sites makes this impractical. Instead, one or more target
ecological receptors are selected as representative species, and risks to the target receptors are evaluated.
With the exception of plants, which represent the primary producers at the site, all target ecological
receptors are intended to be representative of a functional feeding group of animals present at the site.
Each target receptor is exposed to site contaminants through a different combination of exposure
pathways, primarily differences in diet. The terrestrial ecological receptors chosen for this assessment
include terrestrial plants, terrestrial invertebrates, the dark eyed-junco (Junco hyemalis Linnaeus, an avian
herbivore), the American robin (Turdus migratorius, an terrestrial avian invertivore), the common snipe
(Gallinago gallinago, an invertivore which feeds primarily on aquatic macroinvertebrates), the meadow
vole (Microtus pennsylvanicus, a mammalian herbivore), the masked shrew (Sorex cinereus, a
mammalian invertivore), the least weasel (Mustela nivalis, a mammalian carnivore), and the wood frog
(Rana sylvatica, the adult life stage of which is a terrestrial insectivore). With the exception of the
meadow vole, a replacement for the tundra vole (Microtus oeconomus) apparently not found on site, all
target receptors have been identified by ADEC as appropriate default ecological receptors in southcentral
Alaska.

For surface water, all fresh water aquatic invertebrates resident in the water column,
phytoplankton, and macrophytes have been selected as target ecological receptors for exposure to surface
water contaminants. The tadpole lifestage of the wood frog is also a target ecological receptor.

For sediment, rooted macrophytes and benthic invertebrates have been selected as the target
ecological receptors exposed to contaminants in sediment.
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A screening-level ecological risk assessment was performed to identify the contaminants and
environmental media, if any, which warranted detailed evaluation in a baseline risk assessment. To
maximize the likelihood that all detected contaminants with a potential to pose unacceptable ecological
risks are retained for more detailed evaluation, the maximum detected concentration for each analyte was
divided by a conservative risk-based screening concentration (RBSC) to derive the hazard quotient (HQ).
The sources and derivations of the RBSCs are described in detail in Appendix . A summary of the
RBSC sources is as follows:

Soil — URS 1996¢ or Appendix I of this RI report
Surface water — USEPA 1999, USEPA 1991, MDEQ 2001 and URS 1996¢
Sediment — URS 1996¢

Site-specific soil, surface water, and sediment data revealed that no soil contaminants, two
surface water contaminant, and four sediment contaminants exceeded RBSCs. These four sediment
contaminants and the surface water contaminant, along with a second surface water contaminant for
which no RBSC was available were retained as contaminants of potential ecological concern (COPECs)
for a more detailed baseline risk assessment.

In the baseline risk assessment, the contaminants identified as COPECs are again evaluated to
determine a HQ. In the baseline risk assessment however, more site-specific data is used. Contaminants
with an HQ (derived during the baseline assessment) with a value greater than 1 are than considered to be
COCs.

The two surface water COPECs, DRO and RRO, were identified as surface water COCs. DRO
concentrations exceeded its RBSC, while RRO does not have a surface water RBSC. Both DRO and
RRO in surface water exceeded their predicted maximum water solubility in most samples, thus
presenting the possibility of both chemical and physical toxicity. The DRO surface water RBSC is
designed to evaluate only chemical toxicity at DRO concentrations lower than its maximum water
solubility, not the physical toxicity that may occur from oil sheens, slicks or emulsions under
supersaturated conditions.

All four sediment COPECs (2-methylnaphthalene, fluorene, DRO, RRO) were identified as
having the potential to pose unacceptable ecological risks to benthic biota and were retained as COCs.
Contaminants were considered COCs if they were given a hazard quotient (HQ) greater than 1. The
reasonable maximum exposure concentration of four sediment contaminants are DRO (HQ = 47), 2-
methylnaphthalene (HQ = 13), Fluorene (HQ=4.3), and RRO (HQ=2.2).

Based on these data, a potential ecological risk exists to freshwater and benthic biota from surface
water and sediment contaminants within Site DP98. Risks from all contaminants identified as COCs,
except for RRO in sediment, appear to be limited to a relatively small area. This area is located northwest
of Building 18220, at the base of the slope and wetland. Surface soils do not appear to pose a risk to
wildlife.

Development of COCs and Remedial Action Objectives (RAOs).

COCs were developed in three different processes during the RI phase, the screening of
contaminant concentrations against preliminary ARARs in the nature and extent section (Section 5, the
baseline human health risk assessment (Section 7) and the baseline ecological risk assessment (Section 8).

Contaminants that exceeded chemical-specific ARARs in the screening phase (Section 5) were
identified as COPCs. These COPCs were than later identified as COCs for the development of RAOs.
Although these contaminants may not pose a risk to human health or ecological receptors as determined
during the risk assessments, they still exceed preliminary ARARs.
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Table ES-2

Summary of Contaminants of Concern, Proposed Remedial Action Objectives, and
General Response Actions for Site DP98

Remediation Basis for Identification
Media COC Goal as COC General Response Action
Groundwater | Free Product Remove ARAR Natural attenuation
floating product
DRO 1.5 mg/L ARAR Natural attenuation;
GRO 1.3 mg/L ARAR Land use controls* (restrict
RRO 1.1 mg/L ARAR use as drinking water
Benzene 0.005 mg/L ARAR source);
Cis-1,2-Dichloroethene 0.07 mg/L ARAR Containment;
1,1-Dichloroethene 0.007 mg/L ARAR Source removal .
Trichloroethene 0.005 mg/L ARAR (groundwater extraction);
Tetrachloroethene 0.005 mg/L ARAR Ex situ treatment of
Vinyl Chloride 0.002mg/L | ARAR extracted groundwater;
In situ treatment of
groundwater; and
Disposal of extracted
groundwater.
Surface TAH 10 pg/L ARAR Natural attenuation;
Water TAqH 15 pg/L ARAR Land use controls*
(prevent exposure to future
residents); Containment;
Source removal
(groundwater extraction);
Ex situ treatment of
groundwater; and disposal
of extracted groundwater.
Sediment cis-1,2-Dichloroethene 0.2 mg/kg ARAR Natural attenuation;
Trichloroethene 0.027 mg/kg | ARAR Land use controls (prevent
future human exposure);
Containment; and
In situ treatment.
Soil GRO 300 mg/kg ARAR Natural attenuation;
DRO 250 mg/kg ARAR Land use controls*
RRO 10,000 mg/kg | ARAR, (prevent future human
1,1-Dichloroethene 0.03mg/kg | ARAR exposures);
Benzene 0.02mg/kg | ARAR Containment;
Tetrachloroethene 0.03 mg/kg ARAR Rem.oval;
Cis-1,2-Dichloroethene 0.2 mg/kg ARAR Ex situ treatment;
Trichloroethene 0.027 mg/kg | ARAR In situ treatment; and
Disposal.

* Land use controls for Site DP98 are included under the Basewide Land Use Control Management Plan for Elmendorf AFB
ARAR — applicable or relevant and appropriate requirement

COC — contaminant of concern
DRO - diesel range organics

GRO — gasoline range organics
RRO - residual range organics

The human health and ecological risk assessments for Site DP98 also screened COPCs according
to completed exposure pathways and potential receptors and from this process developed COCs. COCs
were defined for the site as contaminants that exceed concentrations that pose a cancer risk to human
health greater than 10, or a non-cancer risk to human health with an HQ greater than 1 for both current
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(civilian, building, and construction workers) and future (residential, recreational, and construction
worker) land use. COCs identified in the ecological risk assessment were identified as contaminants with
concentrations high enough to represent an HQ greater than 1.

Remedial action objectives consist of media-specific goals to protect human health and the
environment. Identification of RAOs is necessary as they establish what is to be achieved by the remedial
actions evaluated in the FS. The development of RAOs for Site DP98 included identifying the following
three components to be evaluated as part of the process to determine the final list of RAOs:

e (COCs;
e Receptors and exposure routes that could be affected by COCs; and

e Remedial goals (preliminary ARARs) to address COCs for each exposure pathway that is
protective of human health and the environment.

These RAOs are based on the potential chemical-, physical-, and action-specific preliminary
ARARs included in Section 9. Because more than one environmental medium at Site DP98 contains
COCs, RAOs are listed according to environmental media in Table ES-2.

Feasibility Study/ Remedial Action Alternative Scoring

The purpose of the feasibility study is to provide decision makers with the information needed to
select a preferred remedial action alternative that will protect human health and the environment from the
contaminated media identified in the remedial investigation.

The potential remedial technologies considered for Site DP98 were identified and screened.
General response actions and process options were identified for each contaminated medium (soil and
sediment, groundwater and surface water). Potential remedial technology types for the process options
were then identified.

Once the technology types and process options were identified, they underwent preliminary
screening. During this screening, process options and/or entire technology types may be eliminated from
further consideration, based on technical implementability for the site. If deemed technically viable, a
more detailed screening evaluated effectiveness, implementability, and cost. The most promising process
options were retained and evaluated according to media-specific remedial alternatives.

The process options not screened out were combined to form candidate remedial alternatives for
either soil (soil and sediment) or water (groundwater and surface water) at Site DP98. A total of 17
media-specific remedial alternatives were developed for treating soil and sediment and groundwater and
surface water at Site DP98. Technologies were chosen based on their ability to treat the COCs and
otherwise satisfy the RAOs established in Section 10.

The final evaluation involved combining the media-specific alternatives into six sitewide
alternatives. The detailed evaluations of these sitewide alternatives were scored based on CERCLA
criteria. A summary of this evaluation and associated scoring for each of the six-sitewide remedial
alternatives is included in Table ES-3.

Chlorinated compounds are the primary risk drivers in the human health risk assessment and,
therefore, are considered to be higher priority for remedial action. Fuel contaminants are present at the
site but pose less of a risk than chlorinated contaminants. The presence of fuel compounds has been
demonstrated to accelerate the breakdown of chlorinated compounds by providing a carbon source and
promoting anaerobic dechlorination. Therefore, the presence of fuel contamination may prevent further
migration of the chlorinated plume. For these reasons, no alternatives that solely address fuel compounds
through active treatment were developed. Once the chosen remedial action has been implemented and
cleanup goals for chlorinated contaminants are met in soil and groundwater, and levels of fuel
contaminants still remain above cleanup goals, additional remedial actions may be implemented.

19 June 2003 ES-9 Final RI/FS Report
Site DP98 Elmendorf AFB, Alaska



A summary of the comparative rankings and cumulative score for each alternative is provided in
Table ES-3. In addition, the table provides a summary of the Total Effectiveness score, which includes
all ranking except Implementability. The scores were then used to calculate the effectiveness to cost
ratio. Table ES-4 summarizes the costs and the lists effectiveness to cost ratio for each alternative. (The
effectiveness to cost ratio is calculated by dividing the total effectiveness score by the total present worth
in millions of dollars.) For effectiveness to cost quotients, Alternative 2 ranks highest with a ratio of 7.8,
and the second best ratios are 6.5 for Alternative 6 and 6.4 for Alternatives 4 and 5.

Table ES-3

Comparative Analysis of Remedial Alternatives®

Alternative 3

Alternative 4

Alternative 5

.. Limited Limited
Limited Source Source
Alternative 2 S triStezi‘::l of Removal of Remo'val of Alternative 6
I Alternative 1 Monitored pping Chlorinated Chlorinated .
Criterion . Chlorinated . Contaminated SVE for Soil
No Action Natural Contaminated Contaminated 0{‘ amina .e and GW MNA
Attenuation Soi Soils, Off-Site | Soils, On-Site
oils and Treatment Treatment

Groundwater | 4 Disposal, | and Disposal,

and GW MNA and GW MNA | and GW MNA
Overall protection
of human health
and the 0 3 4 4 4 4
environment
Complllar_lce with 0 4 5 5 5 5
remediation goals
Long-term 0 2 4 3 3 3
effectiveness
Reduction of
toxicity, mobility,
and volume of 0 2 4 3 3 3
contaminants
through treatment
Short-.term 3 3 ’ 3 3 3
effectiveness
Technical and
administrative 5 4 1 3 3 2
implementability
Costof $0 $1,790,000 $3,920,000 $2,660,000 $2,650,000 $2,760,000
Implementation
State acceptance NE NE NE NE NE NE
Community NE NE NE NE NE NE
acceptance
Total
effectiveness 4 14 19 17 17 18
score”
Total score 9 18 20 21 21 20
*Alternatives scored from lowest to highest (0 to 5) for each criterion.
"Total of all criterion except technical and administrative implementability and cost of implementation.
ARARs — Applicable or relevant and appropriate requirement
GW — Groundwater
MNA — Monitored natural attenuation
NE — Not evaluated at this time, but will be evaluated once public and agency comments are received
SVE — Soil vapor extraction
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Table ES-4

Summary of Costs for Candidate Remedial Alternatives

Alternative 4

Alternative 5
Limited Source

Alternative 3 Limited Source Removal of
Limited Steam Removal of Chlorinated
Stripping of Chlorinated Contaminated
Chlorinated Contaminated Soils, On-Site
Alternative 2 | Contaminated Soils, Off-Site Thermal Alternative 6
Monitored Soils and Treatment and Treatment and SVE for Soil
Alternative 1 Natural Groundwater Disposal and Disposal and and GW
Cost No Action Attenuation | and GW MNA GW MNA GW MNA MNA

Capital Cost $0 $370,000 $1,790,000 $1,240,000 $1,170,000 $800,000
Present
Worth O&M $0 $1,420,000 $2,130,000 $1,420,000 $1,480,000 $1,960,000
Cost (75 yrs,
7%)
Total Present
Worth $0 $1,790,000 $3,920,000 $2,660,000 $2,650,000 $2,760,000
(75 yrs, 7%)
Total
Effectiveness 4 14 19 17 17 18
Score
Effectiveness
to Cost NA 7.8 4.8 6.4 6.4 6.5
Quotient

* — The effectiveness-to-cost quotient is calculated by dividing the total effectiveness score by the total present worth (in millions of dollars).
GW — Groundwater

MNA — Monitored natural attenuation

NA — Not analyzed (can’t divide by a zero cost)
O&M — Operation and maintenance
SVE — Soil vapor extraction
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Section 1.0
INTRODUCTION

The U.S. Air Force (USAF) conducted a remedial investigation/feasibility study (RI/FS) at Site
DP98, Elmendorf Air Force Base (AFB), Alaska. Several previous investigations were performed under
the State-Elmendorf Restoration Agreement (SERA) program for the investigation of underground
storage tanks (USTs). An engineering evaluation/cost analysis (EE/CA) (USAF, 2001) was previously
completed for this site, however, due to the concentration and extent of soil and water contamination at
site DP98, it was determined that an RI/FS would be required.

This RI/FS has been conducted in accordance with the Air Force Environmental Restoration
Program (ERP) with approval from the U.S. Environmental Protection Agency (EPA) and Alaska
Department of Environmental Conservation (ADEC). The ERP is a federal program established to address
past hazardous waste disposal and spill activities at U.S. Department of Defense (DoD) installations. The
ERP was established in accordance with the Comprehensive Environmental Response, Compensation,
and Liability Act (CERCLA). CERCLA mandates the investigation and remediation of hazardous
substance releases from previous activities or spill incidents that may cause risk to human health or the
environment.

The remainder of this section presents the objectives of the RI/FS, a site description and summary
of previous activities, a description of the environmental setting, and organization of this document.

1.1 Purpose and Objectives

In general, the purpose of an RI/FS is to characterize the nature and extent of risks present at the
site, and gather enough data to support an informed risk management decision regarding the selection of
the most appropriate remedial action alternative for the hazardous waste site.

Between July and October 2002, a limited field investigation was conducted to gather data
needed to complete the RI/FS. All available data including those collected during previous SERA
investigations will be used to better define the nature and extent of contamination and identify, evaluate,
and analyze costs of feasible remedial action alternatives. Alternatives will be evaluated to address any
human health risk and/or ecological risks posed by contaminated media at Site DP98 on Elmendorf AFB
(Figure 1-1). Specific objectives for the RI/FS program are as follows:

e Define and evaluate more fully the nature and extent of chlorinated and petroleum hydrocarbon
contamination in surface water, sediment, and groundwater;

e Re-evaluate contaminants of concern (COCs) identified in the EE/CA;

e Re-evaluate applicable or relevant and appropriate requirements (ARARs);

e Evaluate chemical fate and transport mechanisms of COCs;

e Update the human health and ecological conceptual site models (CSM);

e Evaluate the potential risk to human health and the environment with additional 2002 data;
e Identify, evaluate, and select alternatives for remedial action; and

e Recommend a remedial action alternative that addresses the nature of contamination as well as
physiography of Site DP98 and is protective of human health and the environment.
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Figure 1-1. Location of Site DP98, Elmendorf AFB, Alaska
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1.2 Facility Description

Site DP9S is located at a high-security communications facility situated in the northwestern
portion of Elmendorf Air Force Base (Elmendorf AFB) (Figure 1-2). Built in the early 1950s, this facility
is currently operated by the 381st Intelligence Squadron (IS). A large antenna array, commonly known as
the “Elephant Cage,” is a prominent landmark that is more than 100 feet high, 1,460 feet in diameter, and
three-quarters of a mile in circumference. The center of the operations facility consists of Building 18220
(formerly Building 41-760), Building 18224 (formerly Building 41-755), and a guard building (Figure
1-2). A chain-link fence topped with razor wire surrounds these buildings. A large vehicle parking area
is located outside the perimeter fence east of the facility. The land area and buildings within the security
fence collectively are referred to as the “Facility” in this report.

The Facility was originally designed to be nearly self-sufficient. During site construction, the
topography was altered in order to control surface water runoff. Asphalt-paved driveways surrounding
the buildings and paved parking areas are located outside the eastern fence line. An asphalt and gravel
roadway provides access from the parking lot on the northeastern corner of the facility to the main
antenna array.

Water supply to the Facility is provided through a water main and no domestic or industrial
water-supply wells are located within 1 mile of the Facility.

1.3 Site DP98 Facility History of Operations

As shown in Figure 1-2, the Facility is composed of a former garage (Building 18224), a three-
story concrete office building (Building 18220), two nearby USTs, and an approximately 27-acre, fan-
shaped area of undeveloped woodland extending north and west of the perimeter fence. Figure 1-2 also
includes a topographic map of the Facility and surrounding areas of Site DP98. Site DP9S is bounded by
undeveloped woodland to the east, the main portion of the Facility and Fairchild Avenue to the south, a
Ys-acre kettle pond and undeveloped wetland to the north, and the main antenna array to the west.
Elevation decreases in a northerly and westerly direction towards the Knik Arm of the Cook Inlet. The
center of the Facility is approximately 204 feet above mean sea level (msl). Approximately 300 feet north
of the facility topographic lines show a slope with a 20 feet decrease in surface elevation. The wetland
extends from the base of the slope to a distance of about 500 feet in a northerly direction, where surface
water is impounded in the small kettle pond at an elevation of about 158 feet above msl. Building 18224
and the undeveloped land north and northwest of the Facility are the focus areas of this DP98 RI/FS field
investigation. Two USTs used to store diesel fuel were located on the southwest corner of Building
18224. These tanks were removed or abandoned in place in 1995 and are thought to have been the source
of fuel contamination at Site DP98.

1.3.1 Building 18224

Building 18224 is a 70-foot-wide by 12-foot-long single-story concrete building with a partial
basement constructed to serve as a boiler plant and vehicle maintenance garage. According to Facility
personnel, Building 18224 is no longer used for vehicle maintenance. Building 18224 is currently used
for a boiler room, electronics room, generator room, carpentry shop, and racquetball court and to support
operations of Building 18220. The carpentry shop appears to be used for light hobby manufacturing and
painting. This room also contains three fireproof lockers for paint and other general maintenance
supplies. Based on chemical use in similar facilities, it is assumed that solvents containing chlorinated
hydrocarbons, oil, lubricants, and fuels would have been used in vehicle maintenance activities.

As-built drawings of Building 18224 indicate a former floor drainage network inside the boiler
room and former vehicle maintenance garage, connecting to a drainage tile system. Waste liquids
entering floor drains, a wash rack, and a grease/oil pit were channeled into an 8-inch-diameter drain tile
that encircled the building. Before exiting the building, liquids originating in the vehicle maintenance
garage passed through a grease and oil interceptor (i.e., weir-type oil/water separator) situated down-line
from the grease/oil pit. The perimeter drain tile discharged via two lateral drain tiles extending from
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Building 18224. The long axes of the drainage tiles are shown on Figure 1-2. The first lateral drain tile
extended 133 feet in a northerly direction from the northeast corner of the building and discharged to an
open ditch. A second lateral drain tile extended 160 feet northwest from the west central portion of the
building and discharged onto a sloped embankment. An open drainage ditch ran parallel to the southern,
eastern, and northeastern boundaries of the Facility outside the existing fence line, as shown on

Figure 1-2. Based on a review of aerial photographs, it appears that the drainage ditch was leveled with
fill material prior to 1962. A majority of the property records prior to 1962 were burned in a fire, and
therefore, were not available for review.

The oil/grease pit and the connected oil/water separator were abandoned to grade with concrete
prior to 1962. The floor drain on the southeast corner of the building currently overflows when storm
water pools on the asphalt outside an adjacent door, spilling beneath the doorway and into a catch basin in
the floor. Because all the floor drains in the building are interconnected, when sufficient water enters the
southeast floor drain, the other floor drains within this building also overflow. A video of the floor drain
system at Building 18224 indicated portions of the drainage line were blocked by dirt at the time of
inspection.

1.3.2 Building 18220

Building 18220 is a three-level concrete structure formerly used as offices, barracks, and dining
facilities and for other support purposes. According to Facility personnel, the building has been
used mainly for technical operations associated with the antenna array since the late 1970s to the present
and no longer supports personnel living at the Facility.

As-built drawings for the Facility also depict a drainage tile system for Building 18220. Lateral
drain tiles extended from the perimeter drainage tile in four directions: one discharged to an open ditch
approximately 99 feet southwest of the building; a second pipe discharged to an open ditch approximately
133 feet east of the building; and two additional pipes discharged to the hillside about 100 feet northwest
of the building. The current status of the drainage network surrounding Buildings 18220 is not known.

A guard building provides shelter for security forces who limit access inside and outside the
compound to essential personnel (Figure 1-2). All non-authorized personnel must be accompanied by a
military escort while within the fenced areas or within 30 feet outside of the perimeter fence line.

14 Environmental Setting

Elmendorf AFB is located in southcentral Alaska and encompasses approximately 13,103 acres.
Elmendorf AFB is bordered by the city of Anchorage to the south, on the east by the U.S. Army's Fort
Richardson, and on the north and west by the Knik Arm of Cook Inlet. Wetland, lakes, and ponds cover
about 1,592 acres of the base. Land use on Elmendorf AFB includes airfield and base support operations,
personnel housing, and recreational facilities. Approximately 1.5 miles south of the base, land use is
residential and industrial. Figure 1-1 shows a general location map of Site DP9S as it relates to
Elmendorf AFB.

Elmendorf AFB lies within the Lower Matanuska Lowland subunit of the Cook Inlet-Susitna
Lowland physiographic subprovince of the Pacific Mountains System. The Lower Matanuska Lowland
(sometimes referred to as the Anchorage Lowland or Anchorage Plain) comprises a 35-mile-wide by
50-mile-long, glaciated coastal shelf that is bounded on the west by the Susitna Lowlands subunit, on the
north by the Talkeetna Mountains, on the east by the northeast-southwest trending Chugach Mountains,
and to the south by Turnagain Arm. Knik Arm, a northern extension of the Cook Inlet marine reentrant,
drains the Lower Matanuska Lowland. Elevations in the area range from sea level to nearly 2,000 feet
above msl. Slope gradients are generally less than 3 degrees. The following summary of the regional
geology and hydrogeology of Elmendorf AFB is based on the works of Cederstrom, Trainer, and Waller
(1964); Miller and Dobrovolny (1959); and Schmoll and Dobrovolny (1972). Descriptions of site
geology and hydrogeology are presented in Section 4.0.
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Figure 1-2. Site DP98 Layout
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1.4.1 Regional Geologic Setting

Elmendorf AFB lies within the Cook Inlet-Susitna Lowland, also referred to as the “Anchorage
Plain.” The Anchorage Plain is a large alluvial apron extending outward from the Kenai, Chugach,
Talkeetna, and Chigmit Mountain fronts, toward Knik Arm. The Anchorage Plain is a tectonically active
area with occasional earthquakes. No bedrock exposures exist at Elmendorf AFB.

The topography of the Anchorage Plain is primarily a product of repeated Pleistocene glaciations.
Thick sequences of unconsolidated deposits, predominantly glacial drift, underlie the land surface in most
of the Anchorage area. The sediments consists of till, outwash-stream deposits, and estuarine and lake
sediments. Nonglacial deposits include peat and stream- and wind-laid sediments. Glaciers fed from
multiple ice centers in the surrounding mountains deposited a composite system of moraines in the
lowlands.

On Elmendorf AFB, the two predominant geological units belong to the pre-Wisconsin age Knik
and Wisconsin age Naptowne glacial sequences. An important geologic unit in the Knik glacial sequence
is the Bootlegger Cove Formation. The formation also plays an important role as a confining layer in the
groundwater system of the region.

The major geological and geomorphological unit on Elmendorf AFB is the Elmendorf End
Moraine, which makes up the southwest-trending ridges north of the runways. The Elmendorf End
Moraine ranges in width from 0.5 to 1 mile and a linear distance of approximately 10 miles. The
Elmendorf End Moraine has been mapped as a glacial end moraine that extends from Elmendorf AFB
across Knik Arm from Cairn Point toward the Susitna Lowlands. It is bounded along most of its southern
edge by outwash, and its northern edge by ground moraine, kame fields, kame terraces, and abandoned
channels.

Surface soils at Site DP98 are dominated by cryorthant (fill material) that is well-drained and
characterized as gravely sandy or sandy loam. Kichatna-Porches Variant-Jacobsen complex soil types are
prevalent on the sloped embankment north of the facility and consist mostly of poorly drained silt, sand,
and gravel mixtures. In the low-lying areas of Site DP98, Doroshin mucky peat is prevalent and includes
soils around kettle ponds in the northeastern portion of the site. These soils are made of a silt loam
overlain by peat or mucky peat and are poorly drained.

Surface soil layers are formed from loess blown from the floodplains of glacial streams and
volcanic ash. Subsurface soil layers are predominantly glacial deposits, and range from gravelly clay
loam to a very gravelly sandy loam. Subsurface soil on alluvial terraces and outwash plains are composed
mostly of very gravelly sand. Soils in depressions holding fens and bogs are organic and consist mostly
of peat. According to the National Wetland Inventory (NWI) Map for the Anchorage area, a wetland
exists at the base of the slope within the undeveloped land to the north of the Facility. These wetland
maps are constructed from aerial photographs based on topography and vegetative cover and must be
confirmed by ground investigation.

1.4.2 Regional Hydrogeology

Deposits of sand and gravel laid down as outwash plains are the most important aquifers and are
the only ones that yield large quantities of groundwater. Thin layers of sandy or gravelly material in till
in moraine deposits are also important aquifers (both confined and unconfined), although they yield
relatively small quantities of water. Unconfined aquifers are extensive, but the permeable saturated units
are thin in many places and water supplies available from them are small or undependable. Aquifers that
are composed of outwash sand and gravel are as much as several tens of feet thick. The outwash sand and
gravel units are moderately to very permeable.
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The unconfined aquifers are recharged by the infiltration of precipitation at the land surface and
surface water through streambeds. Near the mountains, the artesian-unconfined aquifers are probably
recharged in part by percolation from the water-table aquifer. Farther from the mountains, the unconfined
aquifer is probably recharged in part by upward flow from the underlying artesian semi-confined aquifers.
In several valleys and at a few places in the lowland, artesian wells screened in the unconfined aquifers
flow at the ground surface.

Surface runoff and groundwater seepage provide flow to streams in the mountains east of
Anchorage. Where they emerge from the mountains onto lower ground, the beds of some streams are
higher than the water table nearby; therefore, some of the surface water percolates to groundwater. Most
streams that cross the Anchorage Plain between the mountains and Cook Inlet have incised their beds and
attain relatively low elevations within rather short distances, from the mountains. Along these incised
reaches, the streambeds are lower than the water table nearby; hence in the greater parts of their lower
courses, the streams do not contribute to the groundwater reservoir.

Groundwater occurs within saturated intervals of the Elmendorf End Moraine (USAF, 2000a).
Groundwater south of the moraine flows south and west towards Ship Creek; groundwater north of the
moraine generally flows to the northwest towards the Knik Arm of Cook Inlet.

1.4.3 Ecology

Elmendorf AFB is located within the Cook Inlet Ecoregion; a 10,800-square-mile area dominated
by stands of spruce and hardwood species. Needleleaf, broadleaf, and mixed forests are the most
widespread. Tall scrub communities form on floodplains, along streambanks, and in drainageways.
Poorly drained lowlands support low scrub communities. Tall scrub swamp, low scrub bog, wet forb
herbaceous, and wet graminoid herbaceous vegetation colonize wet, low-lying areas.

An ecological inventory was not conducted as part of the RI, however visual observations taken
during the field effort and inventories conducted for similar environments on Elmendorf AFB can be used
to provide a general idea of type of biota and fauna present in the undeveloped areas of Site DP9S.

A slope area creates a buffer zone between the Facility and the wetland area. This slope dips
steeply in some places toward the wetland and is dissected by several minor drainage rills (Section 4).
The base of the slope becomes a transitional area between what is considered an upland, and a palustrine
scrub/shrub wetland (U.S. Fish and Wildlife Service [USFWS], 1979).

A Palustrine system wetland includes nontidal wetlands dominated by trees, shrubs, persistent
emergents, and emergent mosses or lichens. Traditionally, such wetland environments may have been
called bogs, swamps, fens, or marshes and often includes ponds. Such wetlands are common along
lakeshores, river channels, or estuaries, river floodplains, or on slopes. Typical shrub-scrub wetlands
include woody vegetation dominated by short young trees and shrubs (less than 6 meters or 20 feet in
height), stunted trees or shrubs, and occur in all water regimes except inter-tidal, and are the most
common class of wetland in the United States.

A typical assemblage of fauna present in similar environments on Elmendorf AFB include tall
shrubs, willows, and low alder growth, gluejoint grass, ferns, horsetail, cow parsnip, yarrow, and devil’s
club. Though no wildlife was seen during field activities, it could be assumed that moose, small
mammals such as fox, shrews, or field mice, and small birds such as the American robin, sparrows,
warblers, and thrush’s may be present along the slope or in the wetland. A small pond located at the
northern edge of the wetland outside the boundary of DP98 may also attract waterfowl such as ducks or
geese.

1.4.4 Climate
Average annual precipitation, including snowfall, in the Anchorage area ranges from 15 to 27
inches. Average annual snowfall ranges from 63 to 100 inches. Winter temperatures range from lows of
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5°Fahrenheit (F) to highs of 23 °F; temperature inversions are common. Summer temperatures vary from
lows of 41 °F to highs of 64 °F.

1.5

Organization of Document

The remainder of this report is organized as follows:

Section 2 summarizes existing information for Site DP9S;

Section 3 presents a summary of field activities performed in 2002;

Section 4 provides a site-specific hydrogeologic assessment;

Section 5 contains an evaluation of site-specific potential ARARs used to establish screening

criteria;

Section 6 includes an evaluation of the data to determine the nature and extent of contamination
within soil, sediment, surface water, and groundwater;

Section 7 contains a description of modeling methodologies, results, and a description of fate and
transport of contaminants in groundwater;

Section 8 presents the results of the human health risk assessment;

Section 9 provides results of the ecological risk assessment;

Section 10 is a summary of findings from the remedial investigation phase;

Section 11 presents the remedial action objectives for the feasibility study;

Section 12 includes the identification and screening of possible remedial action alternatives;

Section 13 contains the analysis of alternatives;

Section 14 presents a detailed description of possible alternatives and selects the most appropriate
for the conditions at Site DP98; and

Section 15 lists references cited within this report.

The following appendices contain supporting documentation:

e Appendix A:  Soil Boring and Well Construction Logs, Field Forms and Chains of Custody
e Appendix B:  Photo Documentation
e Appendix C: Historical Analytical Data
e Appendix D:  QA/QC Summary Report
e Appendix E:  Gore Sorber Results
e Appendix F:  Aquifer Testing Results
e Appendix G:  BIOCHLOR Modeling Output and Max Flux Estimates
e Appendix H: Human Health Risk Assessment
e Appendix I: Ecological Risk Assessment
e AppendixJ:  Natural Attenuation Evaluation
e Appendix K:  Cost Backup for Feasibility Analysis
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Section 2.0
SUMMARY OF EXISTING INFORMATION

This section provides an abbreviated summary of previous investigations performed under the
SERA programs, as well as data collected as part of the 2001 EE/CA and the 2001 groundwater sampling.

2.1 Previous Investigations

Building 18224 of Site DP98 was previously referred to as ST423 under the SERA program for
investigation of the USTs. Diesel was used to fuel an emergency generator and was stored in a 3,000-
gallon tank (UST Air Force Identification Number [AFID] 755) located at the southwest corner of the
building. This tank was emptied and removed in 1995, and a new 4,000-gallon capacity UST was
installed in the same excavation (USAF, 1995). A 25,000-gallon diesel UST (referred to as AFID 756
and/or STMP458), situated directly northeast of AFID 755, was also emptied and abandoned in place.

Soil samples collected from the UST excavation contained concentrations of diesel-range
organics (DRO) above ADEC regulatory criteria in place at that time. For this reason, Site ST423 was
included in the SERA Phase IV release investigation performed in 1996. Additional work was also
performed at Site ST423 under the SERA programs in 1997 (SERA VI), 1998 (SERA VII), and 1999
(SERA VIII) to delineate the extent of fuel contamination in the soil and groundwater.

During the SERA VI and SERA VIII investigations, soil gas, soil, and groundwater results
indicated the presence of volatile organic compound (VOC) contamination. Due to the presence of VOC
contamination, the USAF determined a larger scale investigation would be necessary. An EE/CA was
performed in 2000 to better delineate the nature and extent of both fuels and VOC contaminants at Site
DP98. A detailed evaluation of the nature and extent of contamination at Site DP98 for fuel and VOC
contaminants is included in the 2001 EE/CA report (USAF, 2001) as well as in Section 6 of this RI.

2.1.1 1995 UST Decommissioning and Site Assessment

Soil samples collected in 1995 from the excavation of UST AFID 755 indicated DRO at
concentrations ranging from 42 to 9,700 milligrams per kilogram (mg/kg), which was above the
established ADEC cleanup levels of 200 mg/kg. Approximately 65 cubic yards of contaminated soil was
removed and treated offsite. A new 4,000-gallon capacity UST was installed in the same excavation of
UST AFID 755 (USAF, 1995). A 25,000-gallon diesel UST (AFID 756), situated directly northeast of
AFID 755, was also emptied and abandoned in place.

Because the DRO concentrations exceeded the ADEC cleanup criteria at that time, Site ST423
was included in the SERA program.

2.1.2 1996 SERA Phase IV

As part of SERA 1V, 13 soil borings were drilled and converted into either groundwater
monitoring wells, groundwater monitoring/air-injection wells, soil gas arrays, or were abandoned.
Petroleum hydrocarbons, primarily DRO, were detected in the soil above cleanup criteria. Benzene,
toluene, ethylbenzene, and total xylenes (BTEX) and DRO were also detected in groundwater. The
sample suite for this investigation did not include VOCs. Due to the presence of contaminated
groundwater, the cleanup level was upgraded to a Matrix Score Level A under 18 Alaska Administrative
Code (AAC) 75 (USAF, 1996a).

Floating hydrocarbon fuel was detected in one well (41755-WLO01) adjacent to the former UST
and in a second well (41755-WL03) located approximately 150 feet north-northwest of the former UST.
A passive product recovery system was installed in 41755-WLO01 and operated from April through
December of 1996. Three and a quarter gallons of fuel product were removed from the well during that
time (USAF, 1996).
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2.1.3 1997 SERA Phase VI

During the 1997 SERA VI investigation, a passive soil gas survey was performed to delineate the
extent of fuel constituents in shallow soil. A total of 62 Gore-Sorber® passive sorbents were installed at
3 feet below ground surface (bgs) on a grid with spacing of 50 feet by 50 feet. The sorbers were analyzed
for total petroleum hydrocarbon (TPH), BTEX, and tetrachloroethene (PCE), trichloroethene (TCE), cis-
1,2-dichloroethene (DCE); trans-1,2-DCE; and 1,1,1-trichloroethane (TCA). Results indicated two
discontinuous areas of possible fuel contamination; one area was approximately 100 feet northwest of
Building 18224 and the other area was 430 feet northwest of Building 18224. Measurable concentrations
of chlorinated solvents were found at locations approximately 400 feet north-northeast into the area of the
suspected former drum and debris disposal area (USAF, 1998).

Following the soil gas survey, four surface and subsurface soil samples were collected to confirm
results of the soil gas sampling and extent of contamination. DRO was detected in all samples. Residual-
range organics (RRO) were detected in one of the soil boring samples. TPH and gasoline-range organic
(GRO) were detected in both surface soil samples; these samples were analyzed for VOCs and semi-
volatile organic compounds (SVOCs).

Groundwater samples collected from four downgradient wells (41755-WL06 through 41755-
WL09) were analyzed for VOCs. The VOCs cis-1,2-DCE, 1,1,1-TCA, and TCE were all detected in one
well, 41755-WL-08; TCE concentrations were measured above ADEC cleanup levels.

One surface water sample (SSW-01) was collected from ponded water and analyzed for VOCs
and SVOCs. The only contaminant detected in surface water was cis-1,2-DCE (USAF, 1998).

2.1.4 1998 SERA Phase VII

In 1998, another investigation was conducted as part of SERA VII to fill data gaps left by
previous SERA investigations regarding the extent of fuel contamination. Three soil borings were drilled
within the Facility around Building 18224, and soil samples were collected and analyzed only for
petroleum fuel compounds. DRO, GRO, and total BTEX were detected. DRO was found in
concentrations exceeding the cleanup level (USAF, 1999).

2.1.5 1999 SERA Phase VIII

One soil boring (423-BH05) was drilled adjacent to an existing well 41755-WL04. Soil samples
were analyzed for fuels and VOCs. Soil collected at 22 bgs contained TCE and cis-1,2-DCE above
ADEC cleanup levels (USAF, 2000a).

Groundwater samples were collected from 12 monitoring wells (41755-WLO01 through 41755-
WL12) and analyzed for DRO, GRO, and VOCs. DRO, GRO, and benzene were found at concentrations
exceeding cleanup levels. TCE, cis-1,2-DCE, 1,1-DCE, PCE, and vinyl chloride (VC) were all detected
at concentrations above cleanup levels (USAF, 2000a).

2.2 2001 EE/CA

Following the 1999 SERA Phase VIII investigation, it was apparent that an unidentified source
for chlorinated solvents existed at Site DP98. A more intrusive and larger scale investigation was
necessary to better determine all possible sources of contamination and determine the nature and extent of
both fuel and VOC contamination.

The objectives of the 2001 EE/CA were to determine the nature and extent of both chlorinated
solvents and fuels in soils, surface water, sediment, and the shallow unconfined aquifer; perform a human
health and ecological risk assessment; and select a removal alternative that would be protective of human
health and the environment. The field investigation was performed during the summer of 2000.
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Results of the 2001 EE/CA field program are summarized in Sections 2.2.1 through 2.2.3 below
(USAF, 2001). A more detailed evaluation of the analytical data collected during the 2000 field effort is
discussed in conjunction with new data from 2002 in Section 6 of this document.

Two primary sources for contamination were identified in the 2001 EE/CA report: a drainage tile
network associated with the former garage (Building 18224) and two former USTs that stored fuel for
generators located in the garage. The drainage tile network was identified as the main contributor of
chlorinated solvent contaminants and a small amount of fuels. The USTs accounted for the majority of
the fuel contamination at Site DP98. A grease oil pit that overflowed into the drain tile network is also
thought to have contributed to the fuel contamination.

Analytical and soil gas screening data collected from previous investigations were reviewed and
used to determine additional locations for soil gas screening in the 2001 EE/CA report (USAF, 2001).
From this information, soil borings, groundwater monitoring wells, surface water, and sediment sample
locations were identified to characterize the lateral and vertical extent of contamination. The following
sections summarize investigation results according to environmental media.

2.2.1 Soil Results

Following the analyses of 130-soil gas survey point screening results, 16 soil borings were
completed. Four additional soil borings were completed at hand auger locations because hand augers
could not be drilled to the required depth because of the gravel and compacted fill material at the sample
locations. A total of 17 surface soil samples and 39 subsurface samples were collected for analyses. All
soil samples were analyzed for DRO, RRO, GRO, VOCs, SVOCs, and metals. In addition, selected soil
samples were analyzed for chloride, sulfate, nitrate, phosphate, heterotrophic plate count, sheen screen,
and total organic carbon (TOC). Seven of the soil borings were converted to groundwater monitoring
wells.

Twenty soil samples exceeded ADEC Method Two cleanup levels for DRO, cis-1,2-DCE, PCE,
or TCE. Metals in soil were compared to background levels and determined not to be a risk to human
health or the environment. The vertical and aerial extent of fuel-contaminated soil was qualitatively
defined northwest of Building 18224, in the vicinity of well 41755-WLO07. The vertical and aerial extent
of chlorinated solvent-contaminated soil has been qualitatively defined at Site DP98.

2.2.2 Sediment and Surface Water Results
Four sediment samples were collected at coordinating surface water sampling locations and
analyzed for DRO, RRO, GRO, VOCs, SVOCs, and metals.

Of the four samples analyzed, two samples and one duplicate sample exceeded the cleanup level
for DRO. RRO was detected at three sediment locations and is likely the result of natural, biogenic
material. The nature and extent of sediment contamination was not fully delineated. The background
samples were only analyzed for Resource Conservation and Recovery Act (RCRA) metals. An
evaluation of background metals concentrations was completed as part of the 1994 Operable Unit 6
(OU6) RI/FS (USAF, 1996b), which included sample locations on the Elmendorf Moraine.

Four surface water samples were collected at the same locations as sediment samples and
analyzed for the same suite as sediments, with the addition of polynuclear aromatic hydrocarbons (PAHs).
RRO was detected above the cleanup level at location DP98-SWO02. The nature and extent of surface
water contamination was not fully delineated in the 2001 EE/CA report (USAF, 2001).

2.2.3 Groundwater Results
Seven additional monitoring wells were installed in the unconfined aquifer at Site DP98. These
seven wells, along with 12 existing monitoring wells, were sampled using a low-flow sampling technique.
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Floating product was measured in three monitoring wells (41755-WL01, WLO03, and WL11).
Groundwater samples were analyzed for DRO, RRO, GRO, VOCs, PAHs, SVOCs, RCRA metals,
chloride, sulfate, nitrate/ nitrite, total phosphorus, and TOC. In addition to laboratory analysis, field
parameters temperature, pH, conductivity, dissolved oxygen, redox potential, alkalinity, and ferrous iron
were also measured.

Samples from nine groundwater wells contained contaminants above ADEC Method Two
cleanup levels for GRO, DRO, benzene, 1,1-DCE, cis-1,2-DCE, PCE, TCE, or VC. DRO, GRO,
benzene, and BTEX groundwater plumes are centered near Building 18224 and are migrating north-
northwest with the prevailing groundwater flow direction. The extent of each of the plumes is defined in
all directions except to the northwest. In this direction, the boundaries of the DRO plume were only
qualitatively defined.

TCE, PCE, DCE, and VC solvent plumes extended in a north-northwesterly direction following
the prevailing groundwater flow from the historic drainage tiles near Building 18224. The TCE plume
extended north from the northwest drainage tile slightly past the base of the slope. The PCE plume is
centered at the northwest drainage tile and extends north to downgradient well 41755-WL15. The cis-
1,2-DCE plume is similar to the TCE plume centering at the terminus of the northwest drainage tile from
Building 18224. The downgradient extent of this plume is well 41755-WL16. VC was measured in six
wells, but only exceeded screening criteria in one well (41755-WLO05).

23 2001 Groundwater Monitoring Results

Groundwater samples were collected from 18 monitoring wells at Site DP98 in October 2001.
Samples were analyzed for the same contaminants as the 2001 EE/CA (USAF, 2001). These data were
collected following the completion of the 2001 EE/CA, and the results were not included in the EE/CA
report.

Analytes exceeding cleanup levels were similar to those identified during the 2001 EE/CA
(USAF, 2001). A comprehensive water level survey was not conducted. A complete evaluation of the
2001 data is included in the nature and extent section (Section 6) of this RI.

Final RI/FS Report 2-4 19 June 2003
Site DP98 Elmendorf AFB, Alaska



Section 3.0
SUMMARY OF FIELD ACTIVITIES

This section provides a summary of field procedures and activities performed at Site DP98 during
the 2002 RI/FS field investigation. Generally, field activities were performed as specified in the
workplan addendum (USAF, 2002) unless otherwise noted.

Analytes for each environmental medium were selected based on results from the 2001 EE/CA.
A detailed description of field procedures and analytical protocol is provided in the sampling and analysis
plan (SAP) contained in Appendix A of the Site Characterization Investigation at DP98: Final Workplan
(USAF, 2000b). Sample locations for each medium investigated are included on Figure 3-1. The field
objectives, activities performed, rationale, and deviations from the workplan addendum are listed in
Table 3-1.

3.1 Sediment Sampling
During the 2002 field investigation, six sediment samples (DP98-SD05, SD06, SD07, SDOS,

SD09, and SD10) were collected from drainages, low-lying areas, and the wetland located
topographically downslope of Site DP98 (Figure 3-1). Each sediment sample was collected at the same
location as the corresponding surface water sample. Sample locations were chosen to assess whether
contaminants found in groundwater were reaching the base of the slope and the wetland. All sediment
samples were analyzed for DRO, GRO, RRO, VOCs, PAHs, and metals. Following is a brief description
of site locations and conditions at the time of sample collection:

. Sediment sample DP98-SD05 was collected adjacent to standing water near a drainage ditch
adjacent to the old landfill access road, and south-east of monitoring well 41755 WLO07;

° Sediment sample DP98-SD06 was collected adjacent to standing water between well points WP-2
and WP-3, near the toe of the slope;

° Sediment samples DP98-SD07 and DP98-SD08 were collected near standing water east of
samples SD05 and SD06 along the toe of the slope;

° Sediment sample DP98-SD09 was collected at the edge of the wetland, between well points
WP-8 and WP-9 and east of SD0S; and

. Sediment sample DP98-SD10 was collected near well 41755-WLOS at the edge of the wetland.

3.2 Surface Water Sampling

Six surface water samples (DP98-SWO05 through DP98-SW10) were collocated with sediment
samples (see Section 3.1). Surface water samples were collected by dipping clean, laboratory-grade
sample containers into the water and allowing them to fill. To prevent loss of preservative from the
preserved sample containers, surface water was collected in a dedicated laboratory-grade 1-liter glass
amber bottle and carefully poured into the preserved containers. Caution was taken to minimize
volatilization of contaminants. Samples collected from the ditch (DP98-SWO05) were not filtered, and in
some cases the water was turbid when collected. All samples were analyzed for DRO, GRO, RRO,
VOCs, PAHs, and metals.

33 Groundwater Investigation

The following subsections summarize field procedures and activities associated with a site-wide
water level survey, completion of pilot borings and monitoring well installation, development of
monitoring wells, and groundwater sampling.
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Table 3-1

2002 Description of Field Activities

Media

Activity Identified in
Work Plan

Rationale

Sediment Sampling

Collect six sediment samples

To better delineate extent of contamination in the wetland downgradient of Site DP98. Six samples were
collected at the base of the slope and wetland area.

Surface Water

Collect six surface water
samples

To better delineate extent of contamination in the wetlands downgradient of Site DP98. Six surface water
samples were collected coordinating with sediment locations at the base of the slope and wetland area.

Groundwater Grab
Samples

Install and sample 15 well
points

To determine if fuel and/or chlorinated with solvents were seeping out of the base of the slope north of
Building 18224 and determine potential risk to human health and the environment. Only 12 locations
produced sufficient water to collect analytical samples.

Groundwater Well
Installation

Install four deep groundwater
wells into the lower confined
aquifer to a potential depth of
150 feet bgs

To determine the limits of groundwater contaminant migration. The wells were installed to depths between
55 feet bgs and 85 feet bgs. Well 41755-WL22A was considered a replacement for 41755-WL22 after it was
determined well 41755-WL22 was not sealed appropriately to adequately monitor the semi-confined aquifer.
Well WL-41755-WL23 was installed in October once groundwater flow direction in the semi-confined
aquifer was established. All wells were installed using a hollow-stem drill auger rig.

Develop groundwater
monitoring wells

Develop new wells

All of the new wells were developed for sampling.

Groundwater
Sampling

Sample new groundwater wells

To determine if contaminants had reached the lower confined aquifer. Each groundwater well was sampled
including WL22 prior to being abandoned, which resulted in a total of 5 groundwater samples being
collected.

Water Level Survey

Synoptic water level survey of
unconfined and semi-confined
aquifer

To aid in human health risk assessment and groundwater modeling. Two surveys were completed; during the
17 July water level survey, three wells were not surveyed (WL11, WL12, and WL18). During the 26 August
event, two wells were not surveyed (WL01 and WL18); WLO1 was being used for fuel recovery treatability
study. In November, an additional water level survey was conducted of the four new wells (WL20, WL21,
WL 22A, and WL23).

Aquifer Testing Lower water-bearing unit well | To determine the groundwater flow rate and direction in the semi-confined aquifer and determine if any
communication occurs between the unconfined and semi-confined aquifers. A continuous draw-down
aquifer test and step down test was conducted in well 41755-WL21.

Product Recovery Conduct treatment test at well | To determine feasibility of recovering free product from well 41755-WLO01 at practical rates. A Magnum

Testing 41755-WLO01 Spillbuster computer monitored recovery system was placed in the well and operated from 23 July through

18 September 2002.

Photo Documentation

Photographs of well points,
monitoring wells, product
recovery system

A photo documentation log was developed to capture all field tasks completed as part of the RI/FS. Not all
tasks were captured due to security conditions at the Facility.

Location Survey

All new sample locations

To determine sample locations, ground elevations, and depth to groundwater.

Waste Management

Characterize drill cuttings and
purge water from monitoring
well development and
sampling

To determine the disposal method necessary for drill cuttings and purge water as outlined in the 2000 DP98
Final Workplan and 2002 Workplan Addendum.




Figure 3-1. 2002 RI/FS Field Activity Locations
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3.3.1 Well Point Installation and Sampling

A total of 12 well points were installed near the edge of the wetland, down-slope of the Facility.
Well point locations are included on Figure 3-1. Well points were constructed of 2-inch stainless steel
horizontal screens in 3-foot sections; 5-foot stainless steel risers were used at seven locations. All screens
and risers were decontaminated prior to use, according to the Addendum to Site Characterization
Investigation at DP9S, Final Workplan (Final Workplan Addendum) (USAF, 2002). A Horiba 10 was
used to collect field parameters. Well points were driven using a sledgehammer and modified pounding
cap to the termination depth. Total depth ranged from 2.5 feet bgs to 6.5 feet bgs.

Before placement of well points, pilot holes were advanced using a hand auger to predetermine
locations for the well point placement in order to establish the depth below the surface of the water table
near the toe of the slope. It was noted that 1 to 2-hours elapsed before the holes filled with water. The
pilot holes were backfilled with soil from the hole and were not used for the installation of the well points.
If the well points were difficult to push or hammer to depth, a decontaminated stainless steel hand auger
was used to open the hole prior to installing the well point.

Well points were developed and sampled using a peristaltic pump following the procedures
outlined in the 2002 Final Workplan Addendum. Due to slow recharge, only one well volume was
purged during well point development. Purge volumes, odors, depth to water, and total depth of each
well point were recorded in the field notebook. A summary of well point installation information is
included in Table 3-2. Well points were generally sampled within 24 hours of development.

Following sample collection, the well point screen and riser pipe (where applicable) were
removed; the holes collapsed on removal of the well points and remaining open space was backfilled with
soil removed from the hole during installation.

3.3.2 Pilot Boring DP98-14PB

A pilot boring was completed using an air rotary drill near the security guard shack (Building
18228) adjacent to the playground area at Site DP98 prior to installing monitoring well 41755-WL20.
The top 35 feet of lithology in this area had been previously determined using the boring log from
monitoring well 41755-WL18, completed as part of the 2001 EE/CA field investigation. For this reason
the upper 34 feet of the pilot boring were not sampled. Split spoon samples were collected at 5-foot
intervals from 35 feet bgs to 60 feet bgs, and every 10 feet from 60 feet to 150 feet bgs where the
borehole was terminated. Clay intervals and a unit of heaving sands hampered the drilling progress on
several occasions. The borehole was reamed (cleaned out) between collections of split spoon intervals to
ensure that in-situ native soil samples were collected.

3.3.3 Monitoring Well Installation Activities

Following the completion of pilot boring DP98-14PB, four monitoring wells were installed at
Site DP98. All wells were to be screened in the lower water-bearing unit. Initially, placement of a
conductor casing was to be set from the ground surface into a fine-grained unit to prevent cross-
contamination between the water-bearing zones. After the conductor casing was in place, drilling would
continue within the casing and into the lower water-bearing zone. Based on the findings of the pilot
boring (DP98-14PB), a silty clay stratigraphic unit was identified at a depth of 42 to 53 feet bgs. This
unit appeared suitable for placement of the conductor casing.

In the first attempt to install a conductor casing (borehole DW-1A; approximately 10 feet east of
pilot boring DP98-14PB) a 6-inch-diameter steel conductor casing was placed into the silty clay unit.
This attempt was unsuccessful due to flowing sands just above the silty clay. In a second attempt
(borehole DW-1B), 10-inch conductor casing was advanced approximately 20 feet southeast of the pilot
boring DP98-14PB. However, the annular bentonite seal between the two casings would not hold. For
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Summary of Well Point Installation

Table 3-2

Depth to
Total Depth Water
Location (feet) (feet) Sample ID Comments

WP-1 5.8 2.02 DP9802-W-1101/8101 | Slow recharge, mildly turbid,
hydrocarbon odor

WP-2 6.18 3.76 DP9802-W-1102 Slow recharge, turbid, hydrocarbon
odor

WP-3 6.41 1.15 DP9802-W-1103 Turbid, hydrocarbon odor

WP-4 6.38 3.98 DP9802-W-1104 Slow recharge, turbid, hydrocarbon
odor

WP-5 5.00 3.1 DP9802-W-1105 Hydrocarbon odor

WP-6 3.15 1.37 DP9802-W-1106 Turbid, hydrocarbon odor

WP-7 245 0.1 DP9802-W-1107 Turbid

WP-8 5.35 1.71 DP9802-W-1108/8108 | Good recharge

WP-9 3.15 1.59 DP9802-W-1109 Turbid

WP-10 3.15 3.11 DP9802-W-11010 Turbid

WP-11 3.00 2.02 DP9802-W-11011 Slightly turbid

WP-12 5.00 3.94 DP9802-W-11012 Slightly turbid

this reason, the 10-inch conductor casing was sealed within an outer 12-inch conductor casing and left in
place to a depth of 47 feet bgs. A hollow-stem auger drill rig was set up on the hole to drill through the
10-inch casing for installation of the well. Several unsuccessful attempts were made to install the well
and the hole was eventually abandoned. Based on the information regarding subsurface geology gathered
from the pilot boring (SP98-14PB) and difficult site conditions, the planned wells were installed without
conductor casings, using a hollow-stem auger drill rig.

The screened intervals for the monitoring wells and boring termination depths were determined
by the field geologist and based on the decision-making process outlined in the Final Workplan
Addendum (USAF, 2002). Copies of the well installation forms are included in Appendix A. Prepacked
screens of 15-foot length were used except for the installation of 41755-WL23, where 15 feet of
traditional screen were also used in addition to prepacked screen. The well screens were prepacked
Schedule 40, 2-inch inside diameter (ID), 0.01-inch machine-slotted polyvinyl chloride (PVC) casing.
Well installation procedures were consistent with the workplan except where noted.

Four wells (41755-WL21, WL22, and WL22A, and WL23) were given aboveground completions
with locking steel casing installed around the PVC well casing. Two protective bollards filled with
concrete were placed around well 41755-WL21. One monitoring well, 41755-WL20, was completed
using a flush mount with a concrete collar due to the location in a heavy traffic area. Newly installed
monitoring wells were secured with identically keyed padlocks, and well identification tags were attached
to each well.

Drilling operations and well casing installations were hampered by heaving sands encountered in
each boring. The heaving sands slowed progress. A description of well completions are discussed in the
following subsections.
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3.3.3.1 Installation of 41755-WL20

Monitoring well 41755-WL20 is located southeast of the Facility near the security guard shack
and near DP98-14PB. The lithologic drill log from the pilot boring (DP98-14PB) was assumed to
represent lithology at 41755-WL20. Therefore, it was not necessary to collect split spoon samples and the
boring was drilled to the target depth of 85 feet bgs using a wood plug inserted at the bottom of the lead
auger. A confining unit was identified from approximately 42-54 feet bgs. The well was set with a 15-
foot-prepacked screen. Additional sand was added as the augers were lifted and removed from the string.
When the sand pack was in place, bentonite chips were added and hydrated, and the borehole was grouted
to the surface using a tremmie pipe.

3.3.3.2 Installation of 41755-WL21

Monitoring well 41755-WL21 is located in the low-laying area northwest of the Facility and
south of 41755-WL06 (Figure 3-1). Installation of 41755-WL21 was performed using a hollow-stem
auger drill rig. Split spoon samples were collected to a depth of 55 feet bgs. After the bottom depth (55
feet bgs) was reached, the well casing with a 15-foot prepacked screen was installed. Sand was added to
bring the open hole up to 34 feet bgs, at which point bentonite chips were added to seal the sand pack, and
the hole was grouted to the surface, completing the well installation.

3.3.3.3 Installation of 41755-WL22

Monitoring well 41755-WL22 was drilled north of the security gate crossing the access road
north of the Facility (Figure 3-1) using a hollow-stem auger drill rig. Split spoon samples were collected
in 5-foot intervals to assess the lithology. At the 35-foot bgs interval, the lower water-bearing unit was
identified. The well was set at 55 feet bgs. Additional sand was added when the prepacked screen
(15 foot length) was set at 40 to 55 feet bgs. After the augers were above the sand pack, bentonite chips
were added, and the borehole was grouted to the surface.

Following the completion and sampling of monitoring wells 41755-WL20, WL21, and WL22,
water elevations indicated that well 41755-WL22 may have been screened (between 40 and 55 feet bgs)
across both the upper and lower water-bearing zones. Depth to groundwater in wells 41755-WL21 (well
screened between 40 and 55 feet bgs) was considerably higher than in well 41755-WL22, suggesting that
well 41755-WL22 was not screened appropriately to monitor the lower water-bearing zone. For this
reason, 41755-WL22 was replaced with 41755-WL22A. Well 41755-WL-22 was abandoned following
the installation of 41755-WL22A.

3.3.3.4 Installation of 41755-WL22A

Replacement well 41755-WL22A was installed approximately 15 feet east of 41755-WL22 using
a hollow-stem auger-drilling rig. Starting at 50 feet bgs, split spoon samples were collected every 5 feet
to determine lithology. The sample collected at the 75 to 77 feet bgs interval contained dry, silty clay,
indicating the bottom of the unconfined aquifer. The monitoring well was set with a prepacked screen at
75 feet bgs. No delays or difficulties occurred with the installation of the well.

3.3.3.5 Installation of 41755-WL23

Once installation of the deep wells was completed, it was determined that wells 41755-WL21 and
WL22A were located at cross-gradient locations, and not directly downgradient of the source area. Also,
the confining unit identified in well 41755-WL20 from approximately 42 to 54 feet bgs was not identified
in these two wells. For this reason, it was decided that a fourth well (WL 22A was considered a
replacement well) was installed in the wetland, downgradient and north of wells 41755-WLO08 and 41755-
WL09. Continuous split spoon sampling was conducted in order to identify the presence of an aquitard.
Samples for physical and analytical characteristics were collected. The monitoring well was set at a total
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depth of 80 feet bgs and a total of 30 feet of screen was used. Of this, 15 feet were prepacked, and 15 feet
were conventional schedule 40 PVC with a 0.01-inch slot.

3.3.4 Monitoring Well Development

Groundwater monitoring wells installed in 2002 were developed approximately 2 weeks after
completion. The time allowed between installation and development was more than sufficient for the
bentonite seal to set.

Well development was conducted following the procedures outlined in the 2000 DP98 Final
Workplan. A stainless steel surge block attached to a steel cable and/or a stainless steel bailer was used to
surge the wells prior to pumping and remove buildup of silts and sands at the bottom of the wells.

Surging was repeated as necessary until sufficient formation material was removed from the well casings.
A Grundfos variable rate electronic submersible pump was used to purge the wells. Prior to development
of each well, downhole equipment (submersible pump, submersible pump cable, surge block, and water-
level meter) was decontaminated to prevent cross-contamination.

Wells were purged until the pH, conductivity, temperature, and turbidity had stabilized to within
the acceptable ranges as outlined in the workplan. On average, purge volumes ranged from 115 to 200
gallons per well. Well development logs are presented in Appendix A.

3.3.5 Groundwater Sampling
Wells 41755-WL20, -WL21, -WL22, WL22A, and WL23 were included in the groundwater-

sampling program (Figure 3-1). Wells were sampled following well development. Low-flow sampling
techniques were used to collect groundwater samples. Samples were collected according to the protocol
outlined in the 2002 Final Workplan Addendum and analyzed for GRO, DRO, RRO, VOCs, PAHs, and
metals. Equipment included a variable rate Grundfos submersible pump, a peristaltic pump, a Hydrolab
water quality meter inline with a flow-through cell, and a Solinst interface probe. Downhole equipment
was decontaminated prior to use to prevent cross-contamination.

The submersible pump was set at the mid-screen interval and purging proceeded until the
parameter requirements established for traditional purging and sampling were met, as described in the
2000 DP98 Final Workplan. Each monitoring well was purged immediately prior to sample collection.
The pumping rate was maintained within the range specified for low-flow sampling (0.1 to 1.0 liter per
minute [L/min]), averaging approximately 0.4 L/min. When the parameters had stabilized, a sample was
collected through the purge water discharge tubing. Groundwater sampling logs are presented in
Appendix A.

3.3.6 Water Level Survey

A groundwater level survey of the unconfined aquifer was completed on 17 July 2002. All
monitoring wells sampled as part of the 2000 EE/CA field program and the 2001 groundwater sampling
event were included in the survey with the exception of three wells: 41755-WL11, -WL12, and -WL18.
The well box enclosure for 41755-WL18 was found to be damaged, and 41755-WL11 and -WL12 were
not located. A second water level survey was conducted on 26 August of 2002 and included three of the
lower unconfined aquifer wells; however, monitoring wells 41755-WLO01 and 41755-WL18 were not
measured. At the time, 41755-WLO01 contained the free product recovery system (see Section 3.4), and
41755-WL18 had not been repaired.

3.3.7 Aquifer Testing
An aquifer pump test was performed at Site DP98, to determine aquifer parameters and to
evaluate whether communication existed between shallow and deep wells located in the immediate
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vicinity of well 41755-WL21 (Figure 3-1). Table 4-1 list the water-bearing unit in which each well is
screened.

Prior to conducting the pump test, a preliminary shakedown test was performed to identify any
deficiencies in the test procedures and equipment and to identify a maximum sustainable yield from
pumping well 41755-WL-21 without lowering the water level below the depth of the pressure
transducers.

For the shakedown and aquifer test, a Grundfos pump was installed in deep well 41755-WL21.
The pump was suspended approximately 1 foot from the bottom of the well (54 feet bgs) to minimize
water turbulence inside the pump well casing. A pressure transducer was set in well WL21 at
approximately 29.50 below the top of the PVC casing to monitor changes in water levels. Pressure
transducers were installed in wells 41755-WL21, 41755-WL07, 41755-WL19, 41755-WL06, and 41755-
WLO05. All pressure transducers were rated for a 10-psi submersion depth (23.1 feet below water
surface), and consisted of in situ PDX-260 and -261 type transducers. Transducer-specific quadratic
coefficients were entered into a 12-channel Hermit 2000 data-logger unit.

During the course of the shakedown test and aquifer pump test, various measurements were
recorded. Groundwater parameters were recorded directly from the discharge hose (prior to treatment)
using a Horriba U-22 water quality instrument. Parameters monitored included pH, temperature,
conductivity, turbidity, dissolved oxygen, salinity, oxygen reduction potential (ORP), and total dissolved
solids. Flow rates were recorded on field forms, in addition to the Grundfos cycle rates (Hz)

(Appendix A). All purge water was treated through a granular-activated carbon (GAC) unit and
discharged on site during the test. Analytical samples were collected at the start, midpoint, and end of the
test to ensure no breakthrough of contaminants had occurred. Results of the pump test are discussed in
Section 4.

34 Interim Groundwater Remediation Activities

As part of the 2002 RI/FS field program, a product recovery treatment test was conducted at well
41755-WLO1. This well has historically contained floating product at a thickness greater than 1 foot since
the well was installed in 1995.

3.4.1 Product Recovery System Installation

A self-contained and computer-monitored pump system (Magnum Spillbuster) was installed in the
well on 23 July 2002. The entire system, which included a motorized reel, hose, and pump assembly, was
placed over the well casing. The computer controls the pump elevation, and at regular intervals the pump is
lowered into the well to gauge the thickness of floating product and pumps any product detected to an
adjacent 55-gallon drum. The pump cycles every 2 seconds unless no product is detected, then the elapsed
time between cycles increases to 20 seconds, 2 minutes, 20 minutes, and then to a maximum of 2 hours. An
automatic sensor on the hose discharge monitors the level of product and automatically shuts down the
system before the drum is full to prevent spills.

3.4.2 Product Recovery System Evaluation

The product recovery system was checked on regular intervals for the first week of operation. Only
small amounts of product were being recovered from the well by the system. After the first week, system
checks were performed every few days. After 2 weeks, it was noted that the drum remained mostly empty,
and little product had been removed, though the system was operating according to manufacturer
specifications. An elapsed time of 14 days was allowed between system checks. After 14 days, the drum
container had reached maximum capacity and the discharge monitor had shut down the system. The liquid
recovered in the drum was mostly water indicating that a failure in the system had occurred. The drum was
transferred to the staging area where it was picked-up by Emerald Environmental Services for disposal.
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The system was dismantled and removed from the site on 18 September 2002. At that time, no
product or water had been pumped to the new drum; the drum and pump system was brought to the staging
area and decontaminated. Analytical results from previous product characterization performed as part of
SERA VI were used, and no additional characterization of product was necessary for disposal.

3.5 Topographic Survey

Following the completion of the field investigation, the new monitoring wells, well points,
sediments, and surface water locations were surveyed by a professional surveyor certified by the State of
Alaska. Elevations were referenced to the U.S. Geologic Survey (USGS) benchmark datum, and
coordinates were referenced to the state plane coordinate system using standard measurement units (feet).
Survey points were of Third Order Class I with an accuracy of one in 10,000.

3.6 Photodocumentation
Due to the location of some field activities, such as well installation, photographs were not taken
for each task conducted during the field investigation. Photographs are presented in Appendix B.

3.7 Waste Management

Investigation-derived waste (IDW) from soil borings and groundwater sampling was
containerized in 55-gallon drums in conformance with state, local, and CERCLA requirements as
described in the waste management plan (WMP) in the workplan (USAF, 2000b). IDW was transported
and staged at the Environmental Restoration Yard (staging area) located at the corner of Arctic Warrior
Drive and 9th Street on Elmendorf AFB, pending receipt of analytical results. The supervising rig
geologist and groundwater sampling task leader recorded the number of drums, contents, origination of
media, and drum contents.

Potentially hazardous IDW liquids consisted of purge water produced during groundwater
sampling or rinsate water containing methanol and hexane generated during decontamination of sampling
equipment. Due to the limited amount of methanol and hexane-laden rinse water generated during the
investigation, water was treated at the wastewater treatment system in the Environmental Restoration
Yard staging area. After treatment, the liquid was disposed of on-site through the sanitary sewer system.

Purge water from the pumping test conducted at 41755-WL21 was treated on-site using fabric
filters and a portable 55-gallon GAC unit then discharged into the drainage ditch located west of well
41755-WL21. Three analytical samples were collected during the process as well as field parameters to
ensure no breakthrough or signs of sheen was present in the water prior to discharge.

Composite samples from drums containing IDW soils were used to characterize the waste. Upon
receipt of the analytical results, the proper disposal of the containerized soil was determined by the suite
of drums included for each composite sample. Drums were composited according to which soil
boring/well installation boring they were derived from. A technical memorandum was submitted to the
USAF and ADEC for approval before disposal of the soil cuttings. All drums were disposed of according
to the procedures outlined in the 2000 DP98 Final Workplan.

3.8 Record Keeping

Field records were maintained to enable the re-creation of sampling and measurement activities
performed during this investigation. Sampling and analysis records were designed to meet the
requirements of the Environmental Resources Program Information Management System (ERPIMS).
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Section 4.0
HYDROGEOLOGICAL ASSESSMENT

One of the main objectives of the 2002 field investigation was to characterize the geology and
hydrogeology of Site DP98 to understand the vertical and lateral distribution and the effect physical
characteristics have on the occurrence and movement of contaminants in the subsurface. This section
presents an interpretation of the subsurface hydrogeological (physical) characteristics based on site
activities since 1996, and integration of mapped geologic units described in regional studies presented in
Section 1.3.1.

4.1 Site Physiography

Site DP98 lies on the northwest flank of the northeast trending ridge that cuts Elmendorf AFB
diagonally from southwest to northeast. This ridge is made up predominantly of glacial deposits and has
been mapped by Miller and Dobrovolny (1959) as the Elmendorf End Moraine (Figure 4-1). Kames and
kettles cover most of the surface of this Wisconsin age Naptowne glacial sequence moraine. Many of the
kettles contain ponds or lakes, others contain swamp deposits, and still others are unfilled. Small
drainage ways locally modify the knob and kettle topography. Based on observations during the 2002
field investigation, sediments of the ElImendorf End Moraine in the area of Site DP98 are underlain by the
older (Pre-Wisconsin Knik glacial sequence) Bootlegger Cove Formation. A detailed account of this
geologic contact below the southern portion of the Facility is presented in Section 4.4.

Portions of the land surface at Site DP98 have undergone significant modification as part of the
original construction of the 381st IS Facility in the early 1950s and the later establishment of earthen pads
(fill material) for the antenna arrays. Based on a review of aerial photographs, the site topography
beneath the Facility was altered and a former drainage channel was filled to construct the main buildings
(18220 and 18224) and the pad for the antenna array (prior to the larger “Elephant Cage”). This antenna
pad was located approximately 200 feet north-northwest of Building 18224. A sloped embankment north
of the secured-area fence line was elevated with as much as 25 feet of fill material to construct the pad.

4.2 Surface Soils
Surface soils at Site DP98 are described as follows, based on U. S. Department of Agriculture
(USDA) classifications (1997):

e Cryorthents, gravelly, smoothed, 0 to 3 percent slopes — Characterizes the fill material around
the Facility and is typically well-drained gravelly sand or sandy loam.

e Kichatna-Purches Variant-Jacobsen complex, 0 to 15 percent slopes — Found on the sloped
embankment north of the Facility. Consists of poorly drained silt, sand, and gravel mixtures.

e Doroshin mucky peat, 0 to 3 percent slopes — Present within the low-lying area north of the
Facility at the base of the slope extending north-northeasterly and includes soils around a kettle
pond found north of the parking area. This soil type, consisting of silt loam overlain by peat or
mucky peat, is very poorly drained within muskeg borders and moraines. The depth to the
seasonally high water table typically ranges from the surface to less than 0.5 feet depth bgs.

4.3 Site Hydrology
The following subsections describe the three areas of surface water drainage in and around Site

DP98, the Facility, on the slope, and within the wetland.

4.3.1 Facility Drainage
During site construction, the topography was altered in order to control surface water runoff.
Most of the surface soil within the fenced Facility was either paved with asphalt or covered with concrete.

19 June 2003 4-1



Figure 4-1. Physiographic Features of Elmendorf AFB, Alaska
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As a result, the Facility surface water drainage on the west and north sides of Building 18224 follows the
topographic contours, which decrease in elevation towards the north-northwest. A natural drainage and
sloped embankment occurs outside the fence line on the north side of the Facility and drains the small
antenna pad north of Building 18224. An asphalt-paved driveway surrounds the buildings, and paved
parking areas are located outside the eastern fence line. An asphalt and gravel roadway provide access
from the parking lot on the northeastern corner of the Facility to the main antenna array (Elephant Cage).

4.3.2 Slope Drainage

Surface water runoff has eroded drainage channels into the slope beyond the constructed
embankment north of Building 18224. These channels, formed in the fill material, could provide
preferential pathways for contaminant migration. As identified in the 2001 EE/CA, three developed rills
bifurcate the topography of the slope north of the Facility (Figure 3-1). Only the area between the two
western rills contained water during the 2002 field activities. Because this is where groundwater surfaces,
all of the surface water samples collected during the field activities were within organic rich peat soil
between the two western drainages. All of the well points (WP-1 through WP-12) were also located
between the two western drainage rills. From east to west, the slope drainage areas are as follows:

e Drainage rill 1 — Located approximately 120 feet west of monitoring well 41755-WL13. No
water was observed within this drainage area during the 2002 field activities. The location of
surface water sample DP98-SW04 collected in 2000 defines the extent of this drainage.

e Drainage rill 2 — Located approximately 100 feet east-northeast of monitoring well 41755-
WLO04. Surface water sample DP98-SWO03 collected in 2000 defines the northern extent of this
drainage. Rill 2 made up the eastern boundary of the surface water sample locations and well
points collected during the 2002 field investigation. The western and eastern extents of this
drainage were defined by surface water samples E02-DP98-SW09 and E02-DP98-SW10,
respectively.

e Drainage rill 3 — Located approximately 50 feet west of monitoring well 41755-WL05. Surface
water sample DP98-SWO02 collected in 2000 defines the extent of this drainage. Rill 3 made up
the western boundary of the surface water sample locations and well points collected during the
2002 field investigation. The western and eastern extents of this drainage were defined by
surface water samples E02-DP98-SWO07 and E02-DP98-SWO05, respectively.

4.3.3 Wetland Drainage

A pronounced drainage is present at the base of the slope north of the Facility. The NWI map for
the Anchorage area has classified this wetland approximately 500 feet north of the Facility at Site DP98
as an SS1/EMS, which is defined as a broad-leaved deciduous, scrub-shrub, emergent wetland (USFWS,
1979). Wetlands are transitional areas between terrestrial and aquatic environments where the water table
is usually at or near the surface or the land is covered by surface water. A wetland by definition must
have one or more of the following three attributes: (1) at least periodically, the land supports
predominantly hydrophytes; (2) the substrate is predominantly undrained hydric soil; and (3) the substrate
is nonsoil and is saturated with water or covered by shallow water at some time during the growing
season of each year. Based on general observations, the area at the base of the slope north of the Facility
may meet the criteria for SS1/EMS5 wetland designation.

EMS is characterized by erect, rooted, herbaceous hydrophytes, excluding mosses and lichens.
This vegetation is present for the most of the growing season in most years. These wetlands are usually
dominated by perennial plants. Emergent wetlands are known by many names including marsh, meadow,
fen, prairie pothole, and slough.

The SS1 classification is given to areas dominated by woody vegetation less than 20 feet tall.
The species include true shrubs, young trees, and trees or shrubs that are small or stunted because of
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environmental conditions. The wetland north of the Facility has a broad-leaved deciduous subclass. This
subclass is typically dominated by alders, willows, buttonbush, red osier dogwood, spirea, bog birch, and
young trees of species such as black spruce.

According to lithologies identified during advancement of soil borings 41755-WL15, 41755-
WL16, and 41755-WL17, groundwater occurs just below a mat of organic peat approximately 1 to 2 feet
bgs. When surface water runoff reaches the base of the slope, the surface water apparently follows a
topographic low north-northeast towards an open kettle pond. The surface water in this area appears to be
a result of both direct runoff of precipitation and from groundwater discharge at the base of the slope.
The potentiometric surface of unconfined groundwater intersects topographic contours at the base of the
slope.

Within the wetland, the surface elevation drops 8 feet over a distance of approximately 800 feet
(0.01 gradient), in a northeasterly direction. Most surface water flows northeast towards the kettle pond,
and a small percentage of the water appears to flow northwesterly towards a small knoll.

In the wetland, the movement of water is the primary vehicle for inorganic and organic chemical
processes. The flow of groundwater and surface water acts to transport dissolved and suspended organic
and inorganic constituents. Surface and groundwater also mediate inorganic and biochemical reactions.

4.4 Site Geology
The following description of subsurface geology is based on review of boring logs from soil

borings and well installations conducted at the site since 1996, and the 2002 field activities. In general,
four main geologic units occur in the subsurface below Site DP98. Three of the four units have been
interpreted to be sediments of the ElImendorf End Moraine. The fourth unit has been interpreted to be
sediments of the Bootlegger Cove Formation that occurs below the Elmendorf End Moraine sediments.

The general subsurface geology below Site DP9S is depicted in seven geologic cross-sections
constructed from the boring logs. The locations of each geologic cross-section are presented in
Figure 4-2. Three south to north geologic cross-sections (A-A’, B-B’, and C-C’), and four east to west
geologic cross-sections (D-D’, E-E’, F-F’, and G-G’) are shown in Figures 4-3 through 4-9.

Based on our interpretation of the boring logs and geologic cross-sections, the following
generalized stratigraphic sequence occurs from surface level to approximately 120 feet bgs at Site DP9S:

e Imported Fill Material — 10 to 16 feet thick below the southern portions of the Facility, and 1 to
8 feet thick below the slope portions of the site.

e Clayey Gravelly Silt and Gravelly Sand — 5 to 25 feet thick below the southern portions of the
Facility, 10 to 30 feet thick below the slope portions of the site, 15 to 35 feet thick below the
northern portions beyond the slope, and 5 to 35 feet thick below the wetland portion of the site.
This material represents the uppermost geologic unit of the Elmendorf End Moraine (mapped unit
Qey of Cederstrom, Trainer, and Waller [1964]) sediments.

e Silty Clay — 10 to 12 feet of silty clay was found to occur locally below the southern portion of
the Facility and in the central portion of the wetlands area. Up to 5 feet of the silty clay was
penetrated in well boring 41755-WL23 in the wetlands at a depth of 18 to 23 feet. This material
comprises the second geologic unit of Qey sediments.

e Gravelly Silty Sand — 30 to 35 feet thick below the southern portions of the Facility; 18 to 25
feet thick below the slope portions of the site; and up to 65 feet thick below the northern and
wetlands portions of the site beyond the slope. This material comprises the lowermost geologic
unit of Qey sediments.
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e Silty Clay — up to 30 feet thick below the southern portions of the Facility. This material
represents the Bootlegger Cove Formation (mapped unit Qeo of Cederstrom, Trainer, and Miller
[1964]). The geologic contact between the younger Qey sediments and older silty clay facies of
Qeo was penetrated only in pilot boring (DP98-PB14) at an approximate elevation of 90 feet
above msl during the 2002 field investigation.

A brief description of soils and sediments within each of the stratigraphic sequences follows.

4.4.1 Imported Fill Material

The thickness of the imported fill material decreases from south to north below the Facility
(Figures 4-3, 4-4, and 4-5) and consists of light brown to brown-colored, loose, silty gravel to a medium-
grained gravelly sand.

4.4.2 Clayey Gravelly Silt and Gravelly Sand

The first native soil that underlies the imported fill material consists of a tan-colored, firm to stiff,
clayey gravelly silt with small- to medium-sized subrounded gravel and a moderate clay component. The
clayey gravelly silt is interlayered locally with lenses of gray-colored, medium-dense to hard, gravelly,
fine- to medium-grained sand, with medium to large-sized subrounded gravel. The sand lenses usually
have a higher moisture content than the clayey gravelly silt. The gravelly sand is the most variable in
occurrence across the site. In the southeastern portion of the Facility, the clayey gravelly silt is
interlayered with lenses of a grayish-brown, medium-dense silty sand and clayey silty sand.

4.4.3 Silty Clay

In the southern portion and central wetland areas of the site, the clayey gravelly silt and gravelly
sand is underlain by a gray-colored, firm to stiff, dry, silty clay. This silty clay has not been observed in
boring logs below the main Facility, the slope, and north portions of the site (Figure 4-4). A brownish-
gray colored, firm, moist to very moist, clayey silt was observed in the two 2002 well borings (41755-
WL21 and 41755-WL22A) on the slope portion of the site. The clayey silt is more widespread below the
Facility and may be a transitional facies of the silty clay at depth.

4.4.4 Gravelly Silty Sand

The lowermost geologic unit interpreted as Qey sediments is a gray-colored, medium-dense to
dense, gravelly silty sand that is intercalated with medium- to coarse-grained gravelly sand. In pilot
boring DP98-PB14 in the southern portion of the site, this lowermost Qey unit was bounded by
impermeable silty clay sediments, below and above it. In well boring 41755-W123 in the wetlands area,
the gravelly silty sand extended from depths of 25 to 89 feet bgs below the younger silty clay. In all other
portions of the site, the gravelly silty sand underlies the clayey gravelly silt and gravelly sand unit with no
fine-grained sediment layer separation.

4.4.5 Silty Clay

During the advancement of pilot boring DP98-PB14 sediments at depths beyond 120 feet bgs in
the southern portion of the site, were interpreted as Bootlegger Cove Formation (Qeo). The sediment
observed at an elevation of approximately 90 feet above msl was blue-gray colored, stiff, dry, silty clay
with moderate plasticity. In pilot boring DP98-14PB, up to 30 feet of Qeo was penetrated to a depth of
approximately 150 feet (60 feet above msl). At depth, the sediments ranged from gray-colored, firm to
stiff, dry, sandy clay to stiff, dry sandy silty clay. From depths of 140 to 150 feet bgs in DP98-14PB, a
gray-colored, very stiff, dry, silty clay with thin silty sand lenses was observed. The silty sand lenses
usually exhibited a higher moisture content than the surrounding silty clay. Based on observations during
the 2002 field investigation, up to three of the cohesive facies of Qeo designated by Updike and Carpenter
(1986) and Ullery and Updike (1983) were found in pilot boring DP98-14PB.
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4.5 Site Hvdrogeology
During the 2002 field activities, the physical characteristics at Site DP98 were evaluated to help

assess the vertical and lateral distribution and movement of contaminants in the subsurface. This section
provides a synthesis of physical characteristics—specifically, hydrostratigraphic units and groundwater
flow properties that are important for evaluating the subsurface environment at the site. The objective of
the hydrogeological evaluation was to identify the major water-bearing units, assess the groundwater flow
regime, and identify (where present) preferential pathways of groundwater flow. An understanding of the
hydrogeologic setting below Site DP98 is important to the understanding of the extent of contamination
and the evaluation of possible routes for contaminant migration. The geologic units identified in Section
4.4 play an important role for defining the hydrostratigraphy below the site.

4.5.1 Hydrostratigraphy

The evaluation of the groundwater conditions at Site DP98 was based on information regarding
well location, well construction, vertical survey data, depth-to-groundwater measurements, and
subsurface geology. Groundwater elevation data and subsurface soil types were both used to evaluate the
aquifer characteristics below the Facility. Two of the geologic units described in Section 4.4 have been
interpreted as the primary water-bearing zones at Site DP98. From top to bottom, they are:

e C(layey gravelly silt and gravelly sand unit; and

e QGravelly silty sand unit.

Saturated sand lenses within the clayey gravelly silt and gravelly sand unit were found to be the
main source beds for an unconfined aquifer below Site DP98. In two locations (well 41755-WL20 and
well 41755-WL23), the unconfined aquifer may be under semi-confined conditions. The presence of the
shallow, silty clay unit dictated the potential for semi-confined conditions within the lower, gravelly silty
sand unit. Based on the subsurface geology and hydrogeological conditions, Site DP98 is underlain by an
unconfined (water table) aquifer.

A significant transition in the site’s underlying geology occurs from the higher surface elevations
of Buildings 18220 and 18224, onto the slope and northern portions of the Facility, and further north
toward the wetlands. The southern portion of the Facility in the area of pilot boring DP98-PB14 is
underlain by 10 feet of aquitard material from 155 to 164 feet above msl that separates the clayey gravelly
silt and gravelly sand unit with the lower gravelly silty sand unit and appears to be discontinuous to the
north, as shown in north-south geologic cross-sections B-B” and C-C’ (Figures 4-4 and 4-5, respectively).
This impermeable layer appears to be “leaky” upon thinning northward and changes in composition
laterally east and west from silty clay to a clayey silt. The apparent thinning and discontinuous nature of
the impermeable unit northward and laterally suggests that the two water-bearing zones are
hydrologically connected. The total saturated thickness of the unconfined aquifer below Site DP98
ranges from 5 to 65 feet.

Four samples collected from well boring 41755-WL23 were submitted to Shannon and Wilson,
Inc. of Anchorage, Alaska for grain-size (sieve analysis) by ASTM Method C136, bulk density
measurements by procedures outlined in ASTM D 2937, and falling head permeability analyses by
ASTM Method D 5084. Grain size analysis (sieve with hydrometer) was conducted on one sample
(DP98-WL23-PHYS04) using ASTM Method D422.

Sample number DP98-WL23-PHYS01 was collected from a depth of 6.5 feet bgs. Grain size
analysis of sample PHYSO1 classified the sample as a silt with sand. The bulk density of sample
PHYSO! was calculated at 1,941 kilogram per cubic meter (Kg/m® and the average hydraulic
conductivity based on three falling head permeability tests was 3.8 x 107 centimeters per second (cm/s).

Final RI/FS Report 4-6 19 June 2003
Site DP98 Elmendorf AFB, Alaska



Sample number DP98-WL23-PHYS02 was collected from a depth of 9 feet bgs. Grain size
analysis of sample PHYS02 classified the sample as a silt with sand (slightly gravelly, sandy silt). The
bulk density of sample PHYS02 was calculated at 2,011 Kg/m® and the average hydraulic conductivity of
2.6 x 10°cm/s. Sample PHYS03 was collected from a depth of 27 feet bgs. Sieve analysis of sample
PHYSO03 classified the sample as a silty sand with gravel. The bulk density of sample PHYS03 was
calculated at 2,334 Kg/m® and an average hydraulic conductivity of 5.2 x 107 cm/s. Sample PHY S04 was
collected from a depth of 55 feet bgs. Sieve with hydrometer analysis of sample PHYS04 classified the
sample as a silty sand with gravel. The bulk density of sample PHY S04 was calculated at 2,107 Kg/m’
and an average hydraulic conductivity of 6.0 x 107 cm/s.

4.5.2 Aquifer Pumping Test Analysis

URS conducted an aquifer pumping test at Site DP98 to acquire data in determining aquifer
parameters and to evaluate whether communication existed between the clayey gravelly silt and gravelly
sand unit and the lower gravelly silty sand unit in the immediate vicinity of well 41755-WL21. Well
41755-WL21 was chosen because of its location within the slope portion of the Facility. A 24-hour
continuous step draw-down test began on 31 October 2002.

On 30 October 2002, a preliminary shakedown test was conducted to identify any deficiencies in
the test procedures and equipment, to identify a maximum sustainable yield from well 41755-WL21 to
determine depth placement of aquifer head monitoring equipment (pressure transducers), and to conduct a
pilot test of a portable treatment system for the discharged water.

The following equipment was utilized during the aquifer pumping test:

e Two-inch-diameter Grundfos RediFlow-2 submersible pump;
e Twelve-channel Hermit SE2000 Data Logger; and
e Six PXD 261 pressure transducers rated at 10 psi.

4.5.2.1 Test Configuration and Monitoring

The pump was suspended approximately 1 foot from the bottom of the well (54 feet bgs) to
minimize water turbulence inside the well casing. A pressure transducer was set in well 41755-WL21 at
approximately 29.50 below the top of the well casing (btoc) near the maximum allowable submersion
depth of the instrument (10 psi). A check valve was placed above the inlet port of the pump to prevent
backflow into the well during the recovery portion of the test. Water flow from the discharge hose in well
41755-WL21 passed through a flow-meter at ground surface, which was immediately followed by an in-
line ball valve to control flow rates prior to emptying into a 250-gallon container. The flow meter was
graduated in 0.1-gallon increments and also measured the cumulative total volume of water discharged.
The water contained within the poly tank was gravity fed into a GAC unit prior to being discharged into a
drainage swale culvert located west of well 41755-WL21.

Pressure transducers were installed in wells 41755-WL21, 41755-WLO07, 41755-WL19, 41755-
WLO06, and 41755-WLO05. All pressure transducers were rated for a 10-psi submersion depth (23.1 feet
below water surface). Transducer-specific quadratic coefficients were entered into the 12-channel Hermit
2000 data logger unit. Prior to installation of the transducers, depth to water measurements were
manually measured with water level sounders. The test set-up included a logarithmic sampling frequency
for each pressure transducer. All watches used on-site were synchronized to the Hermit 2000 data logger
internal clock.

During the course of the shakedown test and aquifer pumping test, various measurements were
recorded. Groundwater parameters were recorded directly from the discharge hose (prior to treatment)
using a Horriba U-22 water quality instrument. Parameters monitored included pH, temperature,
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conductivity, turbidity, dissolved oxygen, salinity, ORP, and total dissolved solids. Pressure transducer
readings from the Hermit 2000 data logger were also recorded on field forms during the shakedown and
aquifer pumping tests.

Flow rates were also recorded every 5 minutes after the start of the test or subsequent steps in
flow rates, and adjustments were made as necessary to establish flow consistency. After the first 20
minutes of the test start or subsequent step, the flow rate sampling frequency was increased to 20- to 30-
minute intervals. Flow rates on a gallon-per-minute (gpm) and gallon-per-second basis were recorded on
field forms, in addition to the pump cycle rates that were measured in hertz (Hz). Observations were also
made regarding whether hydrocarbon odors or sheens were observed in purge water prior to GAC
treatment. No hydrocarbon odors or sheen were observed in either the shakedown test or aquifer
pumping test.

4.5.2.2 Initial Shakedown Test

The initial shakedown test was started at 1901 on October 30, 2002 at a flow rate of 1 gpm. The
shakedown test was stepped to an increased flow rate of 2 gpm at 21:44. The test was stepped again at
2206 when the pump was shut off for recovery. The shakedown test was stopped at 0917 on 2 October
2002.

Shakedown Test Results:

e [t was determined that a sustainable flow rate of 1 gpm could be maintained on a long-term basis.
It was also determined that a sustained flow rate of 2 gpm may jeopardize exposing the transducer
in the test pumping well (41755-WL21).

e The ball valve at ground surface was not adequate in preventing back-flow of groundwater in the
discharge hose from gravity feeding back into the well. Therefore, recovery rates were skewed
high as a result. A check valve was added to the pump configuration for the aquifer test.

e A total of 235 gallons was purged from well 41755-WL21 during the shakedown test. Specific
flows rates could easily be established within 1 minute of test steps.

e No definitive drawdown was noted in nearby observation wells.

4.5.2.3 Aquifer Pumping Test

Immediately prior to the start of the aquifer pumping test, the test setup and transducer settings
were checked and verified. The test setup included a logarithmic sampling frequency for each pressure
transducer. Water levels in the test well and observation wells were measured immediately prior to the
start of the test. The measurement reference point for each transducer was set at zero, providing negative
or positive measurements of head change in regards to the manual water level measurements collected
immediately prior to the start of the test. Copies of the raw data and water level measurements from the
aquifer pumping test are provided in Appendix F.

The test was started at 1902 on 31 October 2002. An approximate flow rate of 1 gpm was
established at 1903 and a firm flow rate of 1 gpm was established at 1905. The first minute of the test had
a flow rate of approximately 1.5 to 2 gpm. After the head in well 41755-WL21 became relatively stable
(a decrease in head of 9.71 feet), the test was stepped at 0141 on 1 November 2002 when the flow was
increased to 1.5 gpm. The flow rate transition from 1 to 1.5 gpm was established within seconds of the
test step.

The flow rate during the second step was continued for a longer duration than the first step since a
decrease in head was initially observed in well 41755-WL06 at approximately 0500 on 1 November 2002,
and it was not known whether a flow rate of 2 gpm would expose the transducer in well 41755-WL21.
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The decrease in head in well 41755-WLO06 from the second step to the start of the third step was 1.06 feet.
The drop in head in well 41755-WL21 over the course of the second step was 6.05 feet.

The test was stepped a third time at 1435 on 1 November 2002 when groundwater levels
stabilized in wells 41755-WL21 and 41755-WL06. The flow rate was increased to 2 gpm. A flow rate of
2 gpm was firmly established at 1436. The test was stepped again at 1903 when the pump was shut off at
the completion of the test and water level recovery was monitored. Prior to shutting off the pump, the
transducer in well 41755-WL21 had 1.37 feet of available head and was still falling approximately
0.15 feet every 30 minutes. Increasing and decreasing head measurements were observed in well 41755-
WLO06. All four-observation wells returned to their static water levels at 1125 on 2 November 2002
(Appendix F).

Based on the pump test results, it appears that there is some degree of groundwater
communication between the clayey gravelly silt and sandy gravel unit and the lower gravelly silty sand
unit. No significant reductions in head were noted in any of the other observation wells. It is suspected
that the observed minimal changes in head in observation wells could be considerably greater (or more
laterally apparent) if higher rates of discharge were possible.

4.5.3 Hydraulic Gradient, Groundwater Flow Direction, and Groundwater Velocity

As part of the 2002 field activities, synoptic water level surveys were conducted on 17 July, 26
August, and 19 September 2002 to assess the potentiometric surface of the unconfined aquifer. During
each event, several monitoring wells were not accessible and therefore not measured. The 17 July event
was conducted during a dry period that experienced record high temperatures in Anchorage. The 26
August and 19 September events were conducted after the wet season began. The 19 September event
included three of the four wells installed during the 2002 field activities. The 19 September event
potentiometric surface is presented in Figure 4-10. An increase in hydraulic head of approximately 1 to
1.5 feet was measured between the 17 July and 26 August events. The depth to groundwater ranged from
3 to 8 feet bgs below the Facility, 5 to 13 feet bgs below the slope portion, and less than 0.5 foot above
ground surface to 2 feet bgs within the wetland during the 26 August event (Table 4-1).

The groundwater flow direction across the site ranged from north-northeast to northwest during
the 19 September event. The calculated hydraulic gradient for the 19 September event was 8.61 x 107
feet per foot (ft/ft). Based on observations during the 2002 field activities, results from the pumping test,
and soil characteristic results presented in Section 4.5.1, the hydraulic conductivity for the gravelly silty
sand hydrostratigraphic unit below Site DP98 is approximately 5.6 x 107 cm/s. Utilizing a Darcian pore
factor (0.25 effective porosity) and the 19 September gradient, the average linear groundwater velocity at
Site DP9S is approximately 0.061 meters per year (0.20 feet/year). Based on the length of the existing
contaminant plume, this calculated velocity is a contradiction. The hydraulic conductivity value used in
the calculation is from soil encountered during installation of well 41755-WL23 located in the wetlands
area of the site, which may not be a true representation of the complete hydrogeologic conditions below
the site.

To better quantify the heterogeneous subsurface characteristics at Site DP98, a range of hydraulic
conductivities based on soil types was used to calculate the average linear velocity. The hydraulic
conductivities are based on published data for clayey silts and sands and gravelly sands (Table 4-5, in
Fetter, 1988). Conservative hydraulic conductivities of 10 to 10 cm/s and an effective porosity of 0.20
were used to calculate the average linear velocities at the site. Based on these values, and the 19
September gradient, the average linear groundwater velocity at Site DP98 ranges from 0.136 meters per
year (m/year) (0.446 ft/year) to 13.6 m/year (44.5 ft/year).
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Figure 4-2. Geologic Cross-Section Location Map
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Figure 4-3. Geologic Cross-Section A-A’
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Figure 4-4. Geologic Cross-Section B-B’
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Figure 4-5. Geologic Cross-Section C-C’
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Figure 4-6. Geologic Cross-Section D-D’
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Figure 4-7. Geologic Cross-Section E-E’
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Figure 4-8. Geologic Cross-Section F-F’
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Figure 4-9 Geologic Cross-Section G-G’
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Figure 4-10. Potentiometric Surface (September 19, 2002)
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Figure 4-xx. XxXxxxx
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Figure 4-xx. xxxx
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Figure 4-xx. XxXxxxx
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Figure 4-xx. XxXxxxx
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Figure 4-xx. XxXxxxx
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Section 5.0
NATURE AND EXTENT

This section describes the type, concentration, and distribution of contaminants at Site DP98. All
data collected at the site through the 2002 RI field program are considered in this section. The purpose of this
evaluation is to determine the nature and extent of contamination in all environmental media and develop a
list of contaminants of potential concern (COPCs). A complete set of historical Site DP98 analytical data for
soil groundwater, sediment, and surface water is provided in Appendix C. A summary of the data QA/QC
activities for the 2002 RI field program phase of investigation is included in Appendix D.

5.1 Data Evaluation

The following sections discuss the methodology and results of a preliminary data assessment
conducted for the field portion of the 2001 EE/CA at Site DP98, including the data quality assessment and
statistical evaluation. All data collected for the field portion of the 2001 EE/CA were first evaluated against
data quality objectives and quality assurance/quality control (QA/QC) criteria. Following the quality
assessment, criteria for evaluating the data against regulatory criteria were established. An assessment of the
contamination for natural attenuation was also performed. Finally, metals were statistically evaluated against
background concentrations. Each of these data evaluation procedures is discussed in the following
subsections.

5.1.1 Assessment of Data Quality

An assessment of the data quality for the analytical data was performed and the data met the
acceptance criteria as outlined in the quality assurance project plan (QAPP) for each investigation. Non-
conformances of this data set are identified, discussed, and qualified in a QA/QC Summary Report (Appendix
D). QA/QC summary reports for data from 2000 and 2001 were included in a previous investigation reports.
The QA/QC Summary Report 2002 data set is included in this report as Appendix D.

A typical data quality assessment includes the following: a review of field records for completeness;
sample identification; correlation of field test data; identification of anomalous data; and an assessment of the
accuracy and precision of data consistent with the QAPP. The QAPP for the Site DP98 2001 EE/CA and
additional detail on the methodology for assessing data quality is located in Appendix C of the workplan
(USAF, 2000D).

Sampling and analytical activities were conducted following the procedures and requirements
described in the Elmendorf AFB DP98 TCE Investigation Workplan, May 2000 and the 2002 Addendum to
the Workplan. URS performed a QA/QC review of the analytical data provided by the contract laboratory,
Columbia Analytical Services, Inc. The review included an evaluation of sample handling, holding times,
field and laboratory blanks, field duplicates, laboratory control samples (LCS), matrix spikes, initial and
continuing calibration, and surrogate recoveries. Data have been qualified in accordance with the current Air
Force Center for Environmental Excellence (AFCEE) Quality Assurance Project Plan (QAPP) Version 3.1
and the approved variances for projects this year. Nonconformances of the 2002 data set are identified,
discussed, and qualified in the QA/QC Summary Report in Appendix D.

Completeness goals were 95 percent for water samples and 90 percent for sediment and soil samples.
For the lower semi-confined aquifer groundwater samples collected in 2002, completeness goals were not met
for m,p-xylenes and polynuclear aromatic hydrocarbons. For the surface water samples collected in 2002,
completeness goals were not met for acetone. For the sediment samples collected in 2002, completeness goals
were not met for volatile organic compounds and gasoline range organics. A complete discussion is included
in Appendix D.

5.1.2  Screening Criteria by Media

Potential applicable or relevant and appropriate requirements (ARARs) and to-be-considered criteria,
advisories, and guidance documents (TBCs) were identified during the 2001 EE/CA (USAF, 2001).
Following USEPA guidance, potential ARARs and TBCs that may apply to a site and its remedial action were
identified at multiple points in the remedy selection process (USEPA, 1988). For Site DP98, identification of
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potential ARARSs began in the site characterization phase during the 2001 E/CA, when sufficient data was
developed so that initial judgments could be made about the chemicals present and any special characteristics
of the site location could be taken into account.

These preliminary ARARs are used as the screening criteria in this section to determine the nature
and extent of contaminants at Site DP98. The preliminary ARARs used as the screening criteria are based on
ADEC human health goals and on federal drinking water standards (MCLs) and are considered to be
protective of human health and are discussed in more detail in Section 9 of this document. For this reason,
contaminants that exceed the screening criteria are considered COPCs. These COPCs are carried forward and
included in development of remedial action objectives in Section 10 of the RI and the Feasibility Study. The
screening criteria are selected in the following subsections based on a comparison of the preliminary ARARs
by media for like compounds or analytes.

5.1.2.1 Soil Screening Criteria

Soil screening values are based on ADEC 18 AAC 75 Method Two Soil Regulatory Criteria
(summarized in Table 9-1) for sites with under 40 inches of annual precipitation (ADEC, 2003). The selected
screening criteria were used as a tool to evaluate the nature and extent of soil contamination at Site DP9S, and
identify COPCs that may require action. Potential remedial action objectives for soils are discussed in
Section 10.

5.1.2.2 Groundwater Screening Criteria

Potential and selected groundwater screening criteria are summarized in Table 5-1. Potential
groundwater screening criteria (summarized in Section 9) included the preliminary ARARs; ADEC 18 AAC
75 Table C (ADEC, 2003), National MCLs (primary drinking water standards), National MCLGs, and Alaska
primary and secondary MCLs (18 AAC 80.300). The screening criteria were evaluated on an analyte- or
chemical-specific basis with the selected level being the most conservative of the potential screening criteria
for each analyte. A majority of the selected groundwater screening criteria were MCLs. In most cases MCLs
are equivalent to the ADEC 18 AAC 75 Table C values. The selected screening criteria were used only to
evaluate the nature and extent of groundwater contamination at Site DP98 and determine COPCs. Proposed
remedial action objectives for groundwater are discussed in Section 10.

5.1.2.3 Sediment Screening Criteria

Due to the absence of numerical freshwater sediment criteria, freshwater sediment data from the
wetland and onsite drainage were compared to the preliminary ARARs identified in the 2001 EE/CA and
those identified for this RI/FS (Table 9-1). The selected screening criteria were used to evaluate the nature
and extent of sediment contamination at the site that may require action. The upper effects threshold values
for freshwater sediment provided in the NOAA Screening Quick Reference Tables (values in these tables are
TBCs and are used for screening purposes only) were also compared to the sediment sample results.

5.1.2.4 Surface Water Screening Criteria

The groundwater screening criteria summarized in Table 5-1 represent the preliminary ARARs for
drinking water with the most stringent of these identified as the selected screening criteria for surface water.
This set of screening criteria was also used to evaluate the nature and extent of surface water contamination at
Site DP98.

Table 5-1
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Groundwater Screening Criteria

National Alaska Alaska | Selected
Primary |National| Primary |Secondary|Screening Screening
ADEC | MCLs [MCLGs| MCLs MCLs Criteria Criteria
Analyte (mg/L) | (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) Source

Hydrocarbons
GRO 1.3 NE NE NE NE 1.3 ADEC
DRO 1.5 NE NE NE NE 1.5 ADEC
RRO 1.1 NE NE NE NE 1.1 ADEC
Volatile and Semivolatile Organics
Benzene 0.005 0.005 0 0.005 NE 0.005 MCL
Bromodichloromethane 0.1 0.08 0 NE NE 0.08 MCL
Bromoform NE 0.08 0 NE NE 0.08 MCL
Carbon tetrachloride 0.005 0.005 0 0.005 NE 0.005 MCL
Chlorobenzene 0.1 NE NE NE NE 0.1 ADEC
Chlorodibromomethane NE 0.08 0 NE NE 0.08 MCL
Chloroform 0.1 0.08 0 NE NE 0.08 MCL
Dichlorobromopropane NE 0.0002 0 0.0002 NE 0.0002 MCL
1,2-Dichlorobenzene 0.6 0.6 0.6 0.6 NE 0.6 MCL
1,3-Dichlorobenzene NE 0.6 0.6 NE NE 0.6 MCL
1,4-Dichlorobenzene 0.075 0.075 0.075 0.075 NE 0.075 ADEC
1,1-Dichloroethane 3.65 NE NE NE NE 3.65 ADEC
1,2-Dichloroethane 0.005 0.005 0 0.005 NE 0.005 MCL
1,1-Dichloroethylene 0.007 0.007 0.007 0.007 NE 0.007 MCL
cis-1,2-Dichloroethylene 0.07 0.07 0.07 0.07 NE 0.07 MCL
trans-1,2-Dichloroethylene 0.1 0.1 0.1 0.1 NE 0.1 MCL
1,2-Dichloropropane 0.005 0.005 0 0.005 NE 0.005 MCL
1,3-Dichloropropene 0.005 NE NE NE NE 0.005 ADEC
Di(2-ethylhexyl)adipate NE 0.4 0.4 0.4 NE 0.4 MCL
Di(2-ethylhexyl)phthalate NE 0.006 0.006 0.006 NE 0.006 MCL
Ethylbenzene 0.7 0.7 0.7 0.7 NE 0.7 MCL
Hexachlorobenzene NE 0.001 0 0.001 NE 0.001 MCL
Hexachlorobutadiene NE Under Under Under NE Under

Review | Review | Review Review
Hexachloro-1,3-butadiene 0.01 NE NE NE NE 0.01 ADEC
Hexachlorocyclopentadiene NE 0.05 0.05 0.05 NE 0.05 MCL
Methylene Chloride 0.005 0.005 0 0.005 NE 0.005 MCL
Monochlorobenzene NE 0.1 0.1 0.1 NE 0.1 MCL
Pentachlorophenol NE 0.001 0 0.001 NE 0.001 MCL
Styrene 0.1 0.1 0.1 0.1 NE 0.1 MCL
1,1,2,2-Tetrachloroethane 0.004 NE NE NE NE 0.004 ADEC
Tetrachloroethylene 0.005 0.005 0 0.005 NE 0.005 MCL
Toluene 1 1 1 1 NE 1 MCL
Toxaphene NE 0.003 0 0.003 NE 0.003 MCL
1,2,4-Trichlorobenzene 0.07 0.07 0.07 0.07 NE 0.07 MCL
1,1,1-Trichloroethane 0.2 0.2 0.2 0.2 NE 0.2 MCL
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Table 5-1 (Continued)

National Alaska Alaska | Selected
Primary |National| Primary [Secondary |Screening Screening
ADEC [ MCLs [MCLGs| MCLs MCLs | Criteria Criteria
Analyte (mg/L) [ (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) Source
1,1,2-Trichloroethane 0.005 0.005 0.003 0.005 NE 0.005 MCL
Trichloroethylene 0.005 0.005 0 0.005 NE 0.005 MCL
Vinyl Chloride 0.002 0.002 0 0.002 NE 0.002 MCL
(Chloroethene)
Xylenes (total) 10.0 10 10 10 NE 10 MCL
Acenaphthene 2.2 NE NE NE NE 2.2 ADEC
Anthracene 11.0 NE NE NE NE 11 ADEC
Benzo(a)anthracene 0.001 NE NE NE NE 0.001 ADEC
Benzo(b)fluoranthene 0.001 NE NE NE NE 0.001 ADEC
Benzo(k)fluoranthene 0.01 NE NE NE NE 0.01 ADEC
Benzo(a)pyrene 0.0002 [ 0.0002 0 0.0002 NE 0.0002 MCL
Chrysene 0.1 NE NE NE NE 0.1 ADEC
Dibenzo(a,h)anthracene 0.0001 NE NE NE NE 0.0001 ADEC
Fluorene 1.46 NE NE NE NE 1.46 ADEC
Indeno(1,2,3-c,d)pyrene 0.001 NE NE NE NE 0.001 ADEC
Naphthalene 1.46 NE NE NE NE 1.46 ADEC
Pyrene 1.1 NE NE NE NE 1.1 ADEC
Inorganics
Antimony NE 0.006 0.006 0.006 NE 0.006 MCL
Arsenic 0.05 0.01 0 0.05 NE 0.01 MCL
Barium 2 2 2 2 NE 2 MCL
Beryllium NE 0.004 0.004 0.004 NE 0.004 MCL
Cadmium 0.005 0.005 0.005 0.005 NE 0.005 MCL
Chloride NE NE NE NE 250 250 State Secondary
MCL
Chromium (total) 0.1 0.1 0.1 0.1 NE 0.1 MCL
Copper NE 1.3 1.3 NE 1 1 State Secondary
MCL
Cyanide NE 0.2 0.2 0.2 NE 0.2 MCL
Fluoride NE 4 4 4 2 2 State Secondary
MCL
Iron NE NE NE NE 0.3 0.3 State Secondary
MCL
Lead 0.015 0.015 0 NE NE 0.015 MCL
Manganese NE NE NE NE 0.05 0.05 State Secondary
MCL
Mercury 0.002 0.002 0.002 0.002 NE 0.002 MCL
Nickel NE NE NE 0.1 NE 0.1 Alaska MCL
Nitrate (as nitrogen) NE 10 10 10 NE 10 MCL
Nitrite (as nitrogen) NE 1 1 1 NE 1 MCL
Total nitrate and nitrite (as NE 10 10 10 NE 10 MCL
nitrogen)
Selenium 0.05 0.05 0.05 0.05 NE 0.05 MCL
Silver 0.018 NE NE NE 0.1 0.018 ADEC
Sodium NE NE NE NE 250 250 State Secondary
MCL
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Table 5-1 (Continued)

National Alaska Alaska | Selected
Primary |National| Primary [Secondary |Screening Screening
ADEC | MCLs [MCLGs| MCLs MCLs | Criteria Criteria
Analyte (mg/L) [ (mg/L) | (mg/L) | (mg/L) (mg/L) (mg/L) Source
Sulfate NE NE NE NE 250 250 State Secondary
MCL
Total Dissolved Solids NE NE NE NE 500 500 State Secondary
MCL
Thallium NE 0.002 | 0.0005 0.002 NE 0.002 MCL
Zinc NE NE NE NE 5 5 State Secondary
MCL
Pesticides and Aroclors
4,4-DDD 0.0036 NE NE NE NE 0.0036 ADEC
4,4-DDE 0.0025 NE NE NE NE 0.0025 ADEC
4,4-DDT 0.0025 NE NE NE NE 0.0025 ADEC
Aldrin 0.00005 NE NE NE NE 0.00005 ADEC
alpha-BHC 0.0001 NE NE NE NE 0.0001 ADEC
alpha-Chlordane 0.002 0.002 0 0.002 NE 0.002 MCL
Aroclor 1016 0.005 | 0.0005 0 0.005 NE 0.0005 MCL
Aroclor 1221 0.005 | 0.0005 0 0.005 NE 0.0005 MCL
Aroclor 1232 0.005 | 0.0005 0 0.005 NE 0.0005 MCL
Aroclor 1242 0.005 | 0.0005 0 0.005 NE 0.0005 MCL
Aroclor 1248 0.005 | 0.0005 0 0.005 NE 0.0005 MCL
Aroclor 1254 0.005 | 0.0005 0 0.005 NE 0.0005 MCL
Aroclor 1260 0.005 | 0.0005 0 0.005 NE 0.0005 MCL
beta-BHC 0.00047 NE NE NE NE 0.00047 ADEC
delta-BHC NE NE NE NE NE NE NA
Dieldrin 0.00005 NE NE NE NE 0.00005 ADEC
Endosulfan | 0.2 NE NE NE NE 0.2 ADEC
Endosulfan 11 0.2 NE NE NE NE 0.2 ADEC
Endosulfan sulfate NE NE NE NE NE NE NA
Endrin .002 NE NE .002 NE .002 ADEC
Endrin aldehyde NE NE NE NE NE NE NA
gamma-Chlordane 0.002 0.002 0 0.002 NE 0.002 MCL
Heptachlor 0.0004 | 0.0004 0 0.0004 NE 0.0004 MCL
Heptachlor epoxide 0.0002 | 0.0002 0 0.0002 NE 0.0002 MCL
Lindane 0.0002 | 0.0002 | 0.0002 | 0.0002 NE 0.0002 MCL
Methoxychlor 0.04 0.04 0.04 0.04 NE 0.04 MCL
Toxaphene 0.003 0.003 0 0.003 NE 0.003 MCL

ADEC — Alaska Department of Environmental Conservation Groundwater Cleanup Levels — 18 Alaska Administrative Code 75.345 Table C

30 January 2003.

Alaska primary MCLs and State Secondary MCLs — Alaska Administrative Code 80.300
MCLs — Maximum contaminant levels — 40 CFR, Ch.1. Part 141, Subpart B
MCLGs — Maximum contaminant level guidelines — 40 CFR Ch.1. Part 141, Subpart G

mg/L — Milligram per liter
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In addition, surface water must meet the Alaska Water Quality Standards outlined in 18 AAC 70.
Surface waters are monitored for total aromatic hydrocarbons (TAH) and total aqueous hydrocarbons
(TAgH). TAH is quantified using EPA Method 8021B or 8260B for total BTEX. TAqH is quantified using
the sum of results for total BTEX and polynuclear aromatic hydrocarbons (PAHs) using EPA Method 8310,
8270C, or 8270SIMS. Surface water samples were collected to determine whether runoff from the Facility
was introducing contaminants into downslope surface water.

5.2 Physical Conceptual Site Model and Summary
A block diagram showing the physical site conceptual model is provided as Figure 5-1. Site history

and physical characteristics are previously discussed in Sections 1 through 4 of this document.

Soil, groundwater, sediment, and surface water samples were analyzed for a variety of potential
contaminants including petroleum hydrocarbons, volatile organic compounds (VOCs), semivolatile organic
compounds (SVOC:s), pesticides, polychlorinated biphenyls (PCBs), inorganics (metals), and some physical
parameters.

Results of these analyses indicate that DRO is the primary fuel contaminant observed at the site and
TCE is the primary VOC contaminant observed at the site. Lesser volumes and concentrations of GRO,
RRO, and TCE breakdown products were also detected at the site in both soil and groundwater. In addition,
arsenic, lead, and selenium were found to exceed the selected screening criteria in soil. Cadmium and
selenium exceeded the selected screening criteria in groundwater.

There are two distinct and separate areas of elevated DRO impacts to soil both above and below the
zone of saturation in soils with lower concentrations tying the two areas of higher concentrations together.
The first area is located approximately 600 feet north-northwest of the former UST area at the southwest
corner of building 18224. Groundwater is shallow in this area and most of the soil impacts are below the
saturation zone. DRO is present in soil at concentrations up to 42,000 mg/kg. DRO is observed in soil to
depths of 5 to 10 feet bgs in this area. The other area, located beneath building 18224, has soil DRO
concentrations in soil up to 37,100 mg/kg. DRO is observed in soil to depths of at least 26 feet bgs in this
area. Free-product has been observed on the groundwater surface in the area beneath and around Building
18224 at thicknesses ranging from a thin sheen to over 3 feet. Product thickness has decreased since the
maximum of 3.26 feet was measured in well 41755-WLO01 in 1998. GRO and RRO concentrations were
measured in soil samples from the same area with lower frequency and lower concentrations. TCE was
measured in soil samples at concentrations up to approximately 60 mg/kg, which is commingled with the
DRO contamination observed beneath Building 18824,

Dissolved DRO concentrations were observed in groundwater at concentrations up to 1,300 mg/L.
Dissolved DRO concentrations were also observed in the same area as the soil impacts with the highest
concentrations observed approximately 300 feet north-northwest of the northern extension of Building 18220.
Dissolved DRO in groundwater extends approximately 600 feet north-northwest of Building 18224 with a
width of approximately 300 feet. Dissolved GRO and RRO concentrations were measured in groundwater
samples from the same area with lower frequency and lower concentrations. TCE was observed in
groundwater at concentrations up to 5,000 ug/L. The distribution of TCE in groundwater is less extensive
than DRO and is centered at the end of the building drain tile system.

Based on historical site operations and the observed contaminant distributions, it is inferred that the
DRO distribution at the site is a result of releases from the former USTs and vehicle maintenance operations
in Building 18224. A portion of the released DRO migrated vertically through unsaturated soil and dispersed
laterally resulting in the distribution observed under Building 18224. A portion of the released DRO also
appears to have preferentially migrated through the western Building 18224 drain tile.
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Figure 5-1. Physical Conceptual Site Model
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This portion of the release would have been discharged near the surface at the base of the slope where
it then migrated and infiltrated into the subsurface to produce the distribution observed north of Building
18220. The two resulting plumes then combined via groundwater transport mechanisms. The distribution of
GRO, RRO, and TCE are inferred to be a result of vehicle maintenance activities conducted at Building
18224 with minor releases to floor drains and the drain tile resulting in the observed distribution.

53 Soil Analytical Results
During all phases of investigation at Site DP98, 100 soil samples were collected and analyzed for one
or more of the following:

e Petroleum hydrocarbons;

e VOCs;

e SVOCs;

e Total inorganics (metals); and
e Physical parameters.

Soil samples were collected from 43 soil boring, monitoring well, and piezometer locations at the site
to provide a lateral and vertical evaluation of site conditions. Locations were selected in a phased approach
based on known historical and current site operations, soil gas survey results, and results of preceding
investigative phases. Results of soil sample analyses are summarized and compared to screening criteria in
Table 5-2.

5.3.1 Petroleum Hydrocarbons in Soil

A summary of DRO, GRO, RRO, and TCE by location is provided in Table 5-3. DRO was the most
frequently detected petroleum hydrocarbon in soil at the site (Table 5-2). DRO was detected in 89 of the 103
analyzed soil samples at concentrations ranging from 1.66 to 42,000 mg/kg. The average DRO detection in
soil was approximately 1,750 mg/kg. DRO was detected in 31 soil samples at concentrations above the
screening level of 250 mg/kg and depths ranging from 0 to 28 feet bgs. The locations and depths of fuel
compounds in soil are presented on Figure 5-2. Figure 5-3 presents an estimated distribution of DRO in soil
at concentrations above 250 mg/kg. DRO is inferred to be present (via interpolation) in soil at concentrations
greater than 250 mg/kg in an area that extends approximately 600 feet north-northwest from the former UST
area and is approximately 300 feet wide (Figure 5-3).

5.3.1.1 DRO

There are two distinct and separate areas of elevated DRO impacts to soil both above and below the
zone of saturation with lower concentrations tying the two areas of higher concentrations together. The
highest DRO concentration was detected in a soil sample collected just below saturation in the wetland area
from location HB-F at a depth of 5 to 5.5 feet bgs. Based on these results, DRO extends to a depth of at least
5.5 feet bgs in this area. DRO was detected in soil samples at various depths in this area ranging from 3,400
mg/kg to 42,000 mg/kg. The majority of the DRO mass in this area appears to be at or below the
groundwater surface or at least the piezometric surface in this area.

The second elevated DRO concentration area is present below and north of Building 18224 (Figure 5-
3). The highest measured concentration in this area was 37,100 mg/kg in the soil sample from well 41755-
WLO3 at a depth of approximately 28 feet bgs. DRO concentrations in this area ranged from 390 to 31,700
mg/kg with the highest concentrations below the groundwater surface or at least the piezometric surface in
this area.

19 June 2003 5-9 Final RI/FS Report
Site DP98 Elmendorf AFB, Alaska



ese]y ‘gAV Jlopusw[q 86dd NS

woday SA/TY [eul]

01-¢

€00ogunf 61

Table 5-2

Summary of Soil Analytical Results

Minimum Average Maximum Maximum | No. of Detections
No. No. Detected Detected Detected Screening | Reporting Greater than
Analyte Unit | Tested [ Detected [ Concentration [ Concentration [ Concentration | Criteria Limit Screening Level
Petroleum Hydrocarbons
Diesel range organics mg/kg | 103 89 1.66 1744 42000 250 20 31
Gasoline range organics mg/kg [ 102 53 0.24 61.40 616 300 33 1
Residual range organics mg/kg 75 62 4 244 10000 10000 220 1=10000
Volatile Organics
1,1,1,2-Tetrachloroethane mg/kg 62 0 NA NA NA NE 0.175 NE
1,1,1-Trichloroethane mg/kg 62 0 NA NA NA 1 0.19 0
1,1,2,2-Tetrachloroethane mg/kg 62 0 NA NA NA 0.017 0.189 0
1,1,2-Trichloroethane mg/kg 62 0 NA NA NA 0.017 0.21 0
1,1-Dichloroethane mg/kg 62 0 NA NA NA 12 0.213 0
1,1-Dichloroethene mgkg | 62 1 0.058 0.06 0.058 0.03 0.21 1
1,1-Dichloropropene mg/kg 62 0 NA NA NA NE 0.21 NE
1,2,3-Trichlorobenzene mg/kg 62 0 NA NA NA NE 0.2 NE
1,2,3-Trichloropropane mg/kg 62 0 NA NA NA NE 0.21 NE
1,2,4-Trichlorobenzene mg/kg 62 0 NA NA NA 2 0.2 0
1,2,4-Trimethylbenzene mg/kg | 62 5 0.057 0.30 0.84 NE 0.2 NE
1,2-Dibromo-3-chloropropane | mg/kg 62 0 NA NA NA NE 0.66 NE
1,2-Dibromoethane mg/kg 62 0 NA NA NA NE 0.2 NE
1,2-Dichlorobenzene mg/kg 62 0 NA NA NA 7 0.203 0
1,2-Dichloroethane mg/kg | 62 0 NA NA NA 0.015 0.2 0
1,2-Dichloropropane mg/kg 62 0 NA NA NA 0.017 0.18 0
1,3,5-Trimethylbenzene mg/kg 62 5 0.0242 0.30 0.837 NE 0.2 NE
1,3-Dichlorobenzene mg/kg 62 0 NA NA NA NE 0.23 NE
1,3-Dichloropropane mg/kg 62 0 NA NA NA NE 0.206 NE
1,4-Dichlorobenzene mg/kg 62 0 NA NA NA 0.8 0.218 0
1-Chlorohexane mg/kg 58 0 NA NA NA NE 0.205 NE
2,2-Dichloropropane mg/kg 62 0 NA NA NA NE 0.27 NE
2-Butanone mg/kg 7 1 0.003 0.00 0.003 NE 0.2 NE
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Table 5-2 (Continued)

Minimum Average Maximum Maximum | No. of Detections
No. No. Detected Detected Detected Screening | Reporting Greater than

Analyte Unit | Tested | Detected | Concentration | Concentration | Concentration | Criteria Limit Screening Level
2-Chlorotoluene mg/kg 62 0 NA NA NA NE 0.216 NE
2-Hexanone mg/kg 2 0 NA NA NA NE 0.2 NE
4-Chlorotoluene mg/kg 62 0 NA NA NA NE 0.21 NE
4-Isopropyltoluene mg/kg 62 6 0.034 1.27 3.15 NE 0.2 NE
4-Methyl-2-pentanone mg/kg 6 0 NA NA NA NE 0.2 NE
Acetone mg/kg 6 0 NA NA NA NE 0.5 NE
Benzene mg/kg | 103 3 0.13 0.19 0.3 0.02 0.48 3
Bromobenzene mg/kg 62 0 NA NA NA NE 0.204 NE
Bromochloromethane mg/kg 62 0 NA NA NA NE 0.194 NE
Bromodichloromethane mg/kg 62 0 NA NA NA 0.35 0.2 0
Bromoform mg/kg 62 0 NA NA NA NE 0.17 NE
Bromomethane mg/kg 62 0 NA NA NA NE 0.21 NE
Carbon disulfide mg/kg 2 0 NA NA NA NE 0.05 NE
Carbon tetrachloride mg/kg | 62 0 NA NA NA 0.03 0.19 0
Chlorobenzene mg/kg 62 0 NA NA NA 0.6 0.216 0
Chloroethane mg/kg 62 0 NA NA NA NE 0.17 NE
Chloroform mg/kg | 62 42 0.0211 0.09 0.53 0.34 0.05 4
Chloromethane mg/kg 62 0 NA NA NA NE 0.74 NE
cis-1,2-Dichloroethene mg/kg 62 12 0.049 0.80 2.084 0.2 0.2 10
cis-1,3-Dichloropropene mg/kg 62 0 NA NA NA NE 0.21 NE
Dibromochloromethane mg/kg 62 0 NA NA NA NE 0.179 NE
Dibromomethane mg/kg 62 0 NA NA NA NE 0.17 NE
Dichlorodifluoromethane mg/kg 62 0 NA NA NA NE 0.2 NE
Ethylbenzene mg/kg | 103 20 0.0398 1.19 4.87 5.5 0.19 0
Hexachlorobutadiene mg/kg | 62 2 0.018 0.02 0.024 8 0.24 0
Isopropylbenzene mg/kg 62 6 0.0907 0.51 1.204 NE 0.2 NE
m,p-Xylene mg/kg 70 7 0.042 0.60 2.65 NE 0.44 NE
Methyl Tert-Butyl Ether mg/kg 56 0 NA NA NA NE 0.19 NE
Methylene chloride mg/kg 63 3 0.018 0.028 0.038 0.015 0.286 3
Naphthalene mg/kg 62 10 0.0365 5.77 34.56 NE 0.2 NE
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Table 5-2 (Continued)

Minimum Average Maximum Maximum | No. of Detections

No. No. Detected Detected Detected Screening | Reporting Greater than
Analyte Unit | Tested | Detected | Concentration | Concentration | Concentration | Criteria Limit Screening Level
n-Butylbenzene mg/kg 62 3 0.2 0.90 2.123 NE 0.21 NE
n-Propylbenzene mg/kg 62 6 0.0305 0.80 1.97 NE 0.2 NE
0-Xylene mg/kg 62 3 0.0625 0.42 0.71 NE 0.21 NE
sec-Butylbenzene mg/kg 62 8 0.018 0.75 2.01 NE 0.2 NE
Styrene mg/kg 62 0 NA NA NA 1.3 0.218 0
tert-Butylbenzene mg/kg 62 2 0.017 0.03 0.039 NE 0.2 NE
Tetrachloroethene mg/kg 62 3 0.016 0.06 0.095 0.03 0.22 2
Toluene mg/kg | 103 9 0.013 0.16 0.416 5.4 0.48 0
trans-1,2-Dichloroethene mg/kg | 62 2 0.0164 0.06 0.1031 0.4 0.2 0
trans-1,3-Dichloropropene mg/kg 62 0 NA NA NA NE 0.18 NE
Trichloroethene mg/kg | 62 21 0.02 3.74 59.63 0.027 0.2 16
Trichlorofluoromethane mg/kg 62 0 NA NA NA NE 0.25 NE
Vinyl chloride mg/kg 62 0 NA NA NA 0.009 0.24 0
Xylenes mg/kg | 33 19 0.023 2.49 15.1 78 0.19 0
Semivolatile Organics
2-Methylnaphthalene mg/kg 56 6 0.784 15.56 76.4 NE 0.48 NE
Acenaphthene mg/kg 59 4 0.182 0.44 1.06 210 0.8 0
Acenaphthylene mg/kg | 59 2 0.00848 0.60 1.19 NE 0.43 NE
Anthracene mg/kg [ 59 2 0.00186 0.02 0.032 4300 0.39 0
Benzo(a)anthracene mg/kg 59 1 0.00712 0.01 0.00712 6 0.47 0
Benzo(a)pyrene mg/kg 59 2 0.00166 0.03 0.066 1 0.19 0
Benzo(b)fluoranthene mg/kg 59 | 0.434 0.43 0.434 11 0.49 0
Benzo(g,h,i)perylene mg/kg 59 1 0.00227 0.00 0.00227 NE 0.35 NE
Benzo(k)fluoranthene mg/kg 59 0 NA NA NA 110 0.52 0
Chrysene mgkg | 59 2 0.00371 0.30 0.598 620 0.36 0
Dibenz(a,h)anthracene mg/kg [ 59 0 NA NA NA 1 0.32 0
Fluoranthene mg/kg | 59 2 0.00965 0.88 1.75 NE 0.29 NE
Fluorene mg/kg 59 4 0.014 0.97 2.29 270 0.44 0
Indeno(1,2,3-cd)pyrene mg/kg 59 0 NA NA NA 11 0.39 0
Naphthalene mg/kg [ 59 8 0.0937 6.32 27 43 0.49 0
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Table 5-2 (Continued)

Minimum Average Maximum Maximum | No. of Detections
No. No. Detected Detected Detected Screening | Reporting Greater than

Analyte Unit | Tested | Detected | Concentration | Concentration | Concentration | Criteria Limit Screening Level
Phenanthrene mg/kg 59 3 0.00853 0.49 1.15 NE 0.8 NE
Pyrene mgkg | 59 3 0.00553 0.43 1.25 1500 0.62 0
Total Inorganics
Arsenic mg/kg 56 56 2.9 6.58 32.1 2 NA 56
Barium mg/kg 56 56 32 64.16 140 1100 NA 0
Cadmium mg/kg 56 56 0.38 0.51 0.65 5 NA 0
Chromium mg/kg 56 56 6.6 24.90 36.5 26 NA 22
Lead mgkg | 56 56 3.6 10.57 215 400 NA 0
Mercury mg/kg 56 54 0.02 0.08 0.73 1.4 0.02 0
Selenium mg/kg 56 10 0.25 0.81 2.9 3.5 0.35 0
Silver mg/kg 56 12 0.32 0.41 0.48 21 0.3 0
Physical Parameters
Total Organic Carbon % 1 1 0.24 0.24 0.24 NA NA NA
Total Organic Carbon mg/kg 8 8 3200 8287.5 29400 NA NA NA

mg/kg — Milligram per kilogram

NA — Not applicable
NE — Not established




Table 5-3

Summary of Petroleum Hydrocarbons and TCE in Soil by Location

Sample Sample| Sample Sample DRO GRO RRO TCE
Location Type Date Depth (ft bgs) mg/kg mg/kg mg/kg mg/kg
41755-WLO1-GRND| ES 07/08/96 11 1700 616 NS NS
41755-WLO1-GRND| ES 07/08/96 16.5 23 8 NS NS
41755-WL02-GRND| ES 07/18/96 16.5 10 U 5 U NS NS
41755-WL02-GRND| ES 07/18/96 18.5 3050 5 U NS NS
41755-WL03-GRND| ES 07/18/96 16.5 2260 47 NS NS
41755-WL03-GRND| ES 07/18/96 21 18 5 U NS NS
41755-WL03-GRND| ES 07/19/96 28 37100 200 NS NS
41755-WL04-GRND| ES 08/16/96 21.5 196 18.5 NS NS
41755-WL04-GRND| ES 08/16/96 31.5 23 5 U NS NS
41755-WL0O5-GRND| ES 08/16/96 11.5 4200 201 NS NS
41755-WL0O5-GRND| ES 08/16/96 19 3400 242 NS NS
41755-WL06-GRND| ES 08/23/96 6 10 U 5 U NS NS
41755-WL06-GRND| ES 08/23/96 10 10 U 5 U NS NS
41755-WL07-GRND| ES 08/23/96 6 139 5 U NS NS
41755-WL07-GRND| ES 08/23/96 11 72 33 U NS NS
41755-WL10-GRND| ES 07/28/97 6 58 7 U 239 NS
41755-WL10-GRND| ES 07/28/97 9 2200 190 105 NS
41755-WL11-GRND| ES 07/28/97 5.5 205 7 U 512 NS
41755-WL11-GRND| ES 07/28/97 14.5 5600 100 40 U NS
41755-WL12-GRND| ES 08/15/97 8 20 Ul 14 U 99 9] NS
41755-WL13-GRND| ES 08/27/00 1.5 39.4 032 U 257 0.032 U
41755-WL13-GRND| ES 08/27/00 11 3.6 F|019 U 9.1 F| 0019 U
41755-WL13-GRND| ES 08/27/00 23.5 5.6 0.18 U 14 0018 U
41755-WL14-GRND| ES 08/29/00 1.5 42.5 034 U 234 0.028 U
41755-WL14-GRND| ES 08/29/00 6 9.9 0.18 U 45.8 0.025 U
41755-WL14-GRND| ES 08/29/00 19 52 026 U 20.7 0.021 U
41755-WL15-GRND| ES 08/29/00 1.5 40.5 12 U 218 0.109 U
41755-WL15-GRND| ES 08/29/00 11 2.0 F|021 U 7.3 F | 0.021 U
41755-WL15-GRND| ES 08/29/00 19 2.5 F| 015 U 8.5 F| 0012 U
41755-WL16-GRND| ES 08/30/00 1.5 213 1.9 U 742 0.18 U
41755-WL16-GRND| ES 08/30/00 11 110 31 U 1089 0.2 U
41755-WL16-GRND| ES 08/30/00 21 4.2 021 U 11.3 0.019 U
41755-WL17-GRND| ES 08/30/00 1.5 84 21 Y 339 0.2 U
41755-WL17-GRND| ES 08/30/00 11 3.3 F|024 U 12.7 0.016 U
41755-WL17-GRND| ES 08/30/00 21 3.2 F[025 Y 8.8 F| 0018 U
41755-WL18-GRND| ES 08/31/00 1.5 2.7 F|023 U 14.7 0.022 U
41755-WL18-GRND| ES 08/31/00 13.5 3.8 F| 03 Y 12.5 0.02 F
41755-WL18-GRND| ES 08/31/00 26 3.7 F| 026 Y 10.4 0.02 U
41755-WL19-GRND| ES 08/31/00 1.5 4.4 0.15 U 18.2 0018 U
41755-WL19-GRND| ES 08/31/00 18.5 2.0 F| 014 U 5.5 F| 0015 U
41755-WL19-GRND| ES 08/31/00 31 3.3 F|0l6 U 7.6 F| 0014 U
DP98-SB01 ES 08/23/00 1.5 2.6 F| 027 F 10.6 0.061 F
DP98-SB01 ES 08/23/00 8.5 3.0 F | 309 F 15.6 391
DP98-SB01 ES 08/23/00 28.5 2.6 F | 23.6 6.6 F 59.6
DP98-SB01 FD 08/23/00 28.5 318 Y | 325 8 Y| 43.56
DP98-SB01 ES 08/23/00 41 32 F| 029 F 8.6 F| 0.079 F
DP98-SB02 ES 08/24/00 1.5 46 126 F 406 1.687
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Table 5-3 (Continued)

Sample Sample| Sample Sample DRO GRO RRO TCE
Location Type Date Depth (ft bgs) mg/kg mg/kg mg/kg mg/kg
DP98-SB02 ES 08/24/00 13.5 369 21.7 6 F 1.148
DP98-SB02 ES 08/24/00 24 5090 280 11.7 0.31 U
DP98-SB02 FD 08/24/00 24 4621.4 267 11 0.39 Y
DP98-SB03 ES 08/24/00 1.5 79 1.78 F 558 J| 0362
DP98-SB03 ES 08/24/00 13.5 1635 80.4 7 F| 0.173
DP98-SB03 ES 08/24/00 26 1128 69.7 J 7.3 F| 0.158
DP98-SB04 ES 08/25/00 1.5 13.3 056 F 90.5 0.024 F
DP98-SB04 ES 08/25/00 19 2.8 F| 03 F 4.9 F| 0.086 F
DP98-SB04 ES 08/25/00 31 2.8 F| 045 F 4.9 F| 0015 U
DP98-SB05 ES 08/26/00 1.5 43.0 028 U 348 0.038 U
DP98-SBO05 ES 08/26/00 18.5 106 F | 347 4.8 F| 0019 U
DP98-SB05 ES 08/26/00 26 2.6 F| 016 U 43 F| 0016 U
DP98-SBO05 ES 08/26/00 36 3.1 F| 017 U 6.1 F| 0021 U
DP98-SB06 ES 08/27/00 1.5 8.1 023 U 53.6 0022 U
DP98-SB06 ES 08/27/00 11 8.7 38 F 47.2 0.028 U
DP98-SB06 ES 08/27/00 16 1205.7 475 ] 17.4 0.02 U
DP98-SB06 FD 08/27/00 16 1033 70.7 ] 24.1 1.701
DP98-SB06 ES 08/27/00 31 4.0 4.2 12.2 6.68
DP98-SB07 ES 08/28/00 1.5 127 133 F 43.6 0.021 F
DP98-SB07 ES 08/28/00 4.5 1088 824 ] 11 0.11 F
DP98-SB07 FD 08/28/00 4.5 622.4 649 J 7.6 Y| 0079 Y
DP98-SB07 ES 08/28/00 22 5.0 037 F 12.6 0018 U
DP98-SB08 ES 08/28/00 1.5 3.0 F| 024 F 8.3 F| 0.127 F
DP98-SB08 ES 08/28/00 11 6.7 059 F 13 0.727
DP98-SB08 ES 08/28/00 24 5.6 031 F 11.4 0016 U
DP98-SB09 ES 09/01/00 1.5 1.6 U|f o018 U 2.6 Ul 0014 U
DP98-SB09 ES 09/01/00 11 1.6 Ul o017 U 3.1 F| 0016 U
DP98-SB09 FD 09/01/00 11 155 U] 035 Y 4 Y| 0015 U
DP98-SB09 ES 09/01/00 21 1.7 F|019 U 4.4 F| 0034 U
DP98-SB10 ES 08/27/00 11 9.2 031 F 50.8 0015 U
DP98-SB11 ES 09/01/00 11 2.6 F| 027 U 16.6 0.02 U
DP98-SB12 ES 09/04/00 6 24 F| 025 F 5.2 F 0.06 F
DP98-SB13 ES 09/01/00 17 3.3 F| 047 F 12.5 0.037 U
DP98-SS01 ES 09/01/00 1.5 7.8 0.13 U 50.4 0012 U
41755-BHO1 ES 07/19/96 5 32 5 U NS NS
41755-BHO1 ES 07/19/96 11 18 5 U NS NS
41755-BHO1 FD 07/19/96 11 13 5 U NS NS
423BH02 ES 06/25/98 15 388 22.8 17.6 U NS
423BHO02 ES 06/25/98 26.5 12700 272 18.3 U NS
423BH02 ES 06/25/98 40 343 124 U 17.5 U NS
423BH02 FD 06/25/98 40 NS 134 U NS NS
423BH03 ES 06/25/98 15 435 U] 187 U 17.9 U NS
423BHO03 ES 06/25/98 30.7 426 U| 117 U 17.6 U NS
423BH04 ES 07/20/98 20 444 U | 184 U 18.3 U NS
423BH04 FD 07/20/98 20 5.16 142 U NS NS
423BH04 ES 07/20/98 25.5 190 10.2 17 U NS
423BH04 FD 07/20/98 25.5 217 15.4 18.5 U NS
423BH04 ES 07/20/98 40 8.56 123 U 18.2 NS
423BHO05 ES 10/21/99 22 240 15 NS 1.1
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Table 5-3 (Continued)

Sample Sample| Sample Sample DRO GRO RRO TCE
Location Type Date Depth (ft bgs) mg/kg mg/kg mg/kg mg/kg
423BHO05 FD 10/21/99 22 250 31 NS 1.4
423BHO05 ES 10/21/99 28 6 J 5 U NS 0.05 U

41755-PZ01 ES 07/08/96 11.5 660 119 NS NS
41755-PZ01 FD 07/08/96 11.5 660 119 NS NS
41755-PZ02 ES 07/08/96 6 5900 60 NS NS
41755-PZ02 ES 07/08/96 10.5 6800 30 NS NS
41755-PZ02 FD 07/08/96 10.5 4750 270 NS NS
41755-PZ03 ES 07/09/96 10.5 10 U 5 U NS NS
41755-PZ03 ES 07/09/96 16 390 14 NS NS
SB423-01 ES 09/22/97 4.5 1600 24 11 NS
SB423-01 FD 09/22/97 4.5 1700 44 41 NS
SB423-01 ES 09/22/97 11 710 33 11 NS
SB423-02 ES 09/23/97 2 4500 4.9 10000 NS
SB423-02 ES 09/23/97 12 4.5 ul 13 U 11 NS
HB-F ES 10/13/97 5.5 42000 19 1000 NS
HB-E ES | 10/13/97 5 7500 75 220 NS
DRO — Diesel range organics RRO — Residual range organics
ES — Environmental sample TCE — Trichloroethene
FD — Field duplicate U — Analyte not detected at specified reporting limit
Ft bgs — Feet below ground surface Y — The chromatographic fingerprint of the sample resembles
GRO - Gasoline range organics a petroleum product eluting in approximately the correct
J — Associated value is an estimate carbon range, but the elution pattern does not match the
mg/kg — Milligrams per kilogram calibration standard
NS — Not sampled for specified analyte
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Figure 5-2. Soil Analytical Data for Fuel Compounds
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Figure 5-3. Interpolated Extent of DRO in Soil Greater Than 250 mg/kg
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Figure 5-4. Soil Analytical Data for BTEX
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The total volume of soil (both saturated and unsaturated) with DRO greater than 250 mg/kg is
approximately 360,000 cubic yards, which was estimated using the computer model Groundwater Modeling
System (GMS). The volume of unsaturated soil with DRO greater than 300 mg/kg is approximately 107,000
cubic yards, as estimated using GMS.

5.3.1.2 GRO

GRO was detected in 53 of the 102 analyzed soil samples at concentrations ranging from 0.24 to 616
mg/kg. The average GRO concentration detected in soil was approximately 61 mg/kg. One soil sample
(from location WLO1 at approximately 11 ft bgs) contained GRO at a concentration greater than the screening
level of 300 mg/kg. The volume of unsaturated soil with GRO greater than 300 mg/kg is approximately 4,500
cubic yards, as estimated using GMS. In general, the GRO distribution in soil at the site is coincident with
the DRO detections indicating similar release mechanisms.

5.3.1.3 RRO

RRO was detected in 62 of the 75 soil samples collected from the site at concentrations ranging from
4 to 10,000 mg/kg. The average RRO concentration detected in soil was approximately 244 mg/kg. One soil
sample (collected from location SB423-02 at a depth of approximately 2 feet bgs) contained RRO at a
concentration equal to the screening criteria of 10,000 mg/kg. All other RRO detections in soil were at
concentrations at least an order of magnitude lower than the screening criteria. In general, the RRO
distribution in soil at the site is also coincident with the DRO detections indicating similar release
mechanisms.

5.3.1.4 Benzene

Benzene was detected in 3 of 103 samples at concentrations ranging from 0.13 to 0.3 mg/kg. All
three benzene soil detections were greater than the screening criteria of 0.02 mg/kg. The three benzene
detections were from samples collected from well 41755-WLO01, WL11, and PZ01 from depths of 11 to 14.5
feet bgs. These sample locations are positioned immediately adjacent to Building 18224 and are coincident
with DRO, GRO, and RRO occurrences. Toluene, ethylbenzene, and xylenes were not detected at
concentrations above the screening criteria (Table 5-2). The distribution of benzene, toluene, ethylbenzene,
and xylenes (BTEX) is provided in Figure 5-4.

5.3.2 VOGC:s in Soil

Up to 58 soil samples were collected and analyzed for VOCs. Excluding BTEX, six VOC analytes
(tetrachloroethene, trichloroethene, cis-1,2-dichloroethene, 1,1-dichloroethene, chloroform, and methylene
chloride) were detected in soil at concentrations greater than their respective screening criteria.

5.3.2.1 TCE

TCE was detected in 21 of the 62 analyzed samples at concentrations ranging from 0.02 to
59.6 mg/kg. TCE was detected in 16 soil samples at concentrations greater than the screening criteria of
0.027 mg/kg (Table 5-2). The average TCE concentration detected was 3.74 mg/kg. Soil analytical data for
selected VOCs (including TCE) is provided on Figure 5-5. Figure 5-6 presents the interpolated distribution of
TCE in soil at concentrations above 0.027 mg/kg. The highest TCE concentration in soil was measured in
boring DP98-SB01, located immediately adjacent to the outlet of the western drain tile for Building 18224, at
a depth of approximately 28 feet bgs. An estimated volume of contaminated soil with TCE concentrations
greater than the screening level, which is above the saturated zone, is approximately 127,000 cubic yards.
The areal extent of TCE in soil at concentrations greater than the screening criteria extends approximately 400
feet north-northwest of Building 18224.

5.3.2.2 Cis-1,2-DCE

Cis-1,2-DCE was detected in 12 of the 62 analyzed soil samples at concentrations ranging from 0.049
to 2.08 mg/kg. The average detected cis-1,2-DCE concentration in soil was 0.8 mg/kg. Cis-1,2-DCE was
detected in 10 soil samples at concentrations greater than the screening criteria of 0.2 mg/kg (Table 5-2). The
highest cis-1,2-DCE concentration was measured in the soil sample from DP98-SB06 at a depth of
approximately 31 feet bgs (Figure 5-5). DP98-SBO06 is located approximately 100 feet north-northwest
(downgradient), and at a surface lower elevation, than DP98-SB01 where the highest TCE concentration was
measured in soil. Based on these observations cis-1,2-DCE is likely present at concentrations greater than (.2
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mg/kg (screening criteria) at depths in excess of 31 feet. Detections of cis-1,2-DCE are coincident with TCE
detections in soil. The majority, if not all, of the cis-1,2-DCE detections were measured in saturated soil
samples suggesting that natural degradation of TCE is occurring in the saturated zone, and that this is the
source of the cis-1,2-DCE.

5.3.2.3 Chloroform

Chloroform was detected in 42 of the 62 analyzed samples at concentrations ranging from
approximately 0.02 to 0.53 mg/kg. The average chloroform concentration detected in soil was 0.09 mg/kg.
The highest chloroform concentration detected (0.53 mg/kg) was measured in the soil sample from well
41755-WL16 at a depth of approximately 11 feet bgs. Chloroform was detected in 4 samples at
concentrations greater than the screening criteria of 0.34 mg/kg. Chloroform was measured in the sample
from DP98-SB02 (23 feet bgs) at a concentration greater than 0.34 mg/kg. The sample from well 41755-
WL17 (1.5 feet bgs) also contained chloroform at a concentration greater than 0.34 mg/kg. The frequency
and concentration range of chloroform detections in soil indicates that chloroform is present at most of the
sampled locations. However, the low average concentration of chloroform in soil (slightly above the
detection limit) suggests that the mass of chloroform at the site is low. In addition, chloroform was detected
in approximately 50% of soil trip blanks, indicating that the occurrence is likely due to laboratory
contamination.

5.3.2.4 Methylene Chloride

Methylene chloride was detected in 2 of the 62 analyzed soil samples at concentrations of 0.018 and
0.027 mg/kg. Both of the concentrations are greater than the screening criteria of 0.015 mg/kg. Methylene
chloride was measured at 0.027 mg/kg in the soil sample from WL12 (6 to 8 feet bgs) and at 0.018 mg/kg in
the soil sample from DP98-SS01 (0.5 to 1.5 feet bgs). The low detection frequency indicates that methylene
chloride impacts are very limited at the site. It is probable that the occurrence of this contaminant represents
laboratory contamination.

5.3.3 SVOCs in Soil
Up to 59 soil samples were analyzed for SVOCs. SVOCs were not detected at concentrations greater
than their respective screening criteria (Table 5-2).

5.3.4 Metals
An evaluation concentrations, statistical analyses and related geochemical interpretations for metals
are provided in the following subsections.

5.3.4.1 Statistical Comparison of Background Concentrations

The following subsections present a sampling-and media-specific comparison of 2001 EE/CA and
2002 RI field program analytical data to background data statistics, including the preliminary ARARs and 95
percent upper tolerance limits (95 percent UTLs). Background data for metals was first reported in the 1994
OUG6 RI/FS (USAF, 1996b) report and were based on the results of samples collected throughout Elmendorf
AFB and incorporated data from the Basewide Background Sampling Report (USAF, 1993) which also
included U.S. Geological Survey (USGS) dissolved and total metals concentrations in groundwater data for
the greater Anchorage area.

5.3.4.2 Soil

The ranges of detected metal concentrations in soil are provided in Table 5-2 for both background and
onsite surface soil samples. Table 5-4 provides the 95 percent UTLs for background metals and the
preliminary ARAR soil cleanup standards.

Fifty-six soil samples and five duplicate soil samples were collected during the field portion of the
2001 EE/CA and analyzed for eight RCRA metals (arsenic, barium, cadmium, chromium, lead, mercury,
selenium, and silver). Of the samples analyzed, lead and selenium (4 samples each), mercury (2 samples),
and arsenic (1 sample) were measured above the 95 percent UTL.
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Table 5-4

Comparison of 2001 EE/CA Analytical Data and 1994 RI UTLs
for Background Metals in Soil

95% UTL for
Background 2001 EE/CA Sample Results
Number of
Screening Surface | Subsurface | Maximum | No Samples Samples Exceeding
Criteria® Soil Soil Soil Result | Exceeding Background and
Metal (mg/kg) (mg/kg) (mg/kg) (mg/kg) Highest UTL Screening Criteria
Arsenic 2.0 13.27 9.31 32.1 1 1
Barium 1,100 196.45 95.93 140 0 0
Cadmium 5 2.68 3.07 0.65 0 0
Chromium 26 48.44 76.94 36.5 0 0
Lead 400 10.69 10.13 215.4 4 0
Mercury 1.4 0.2 0.21 0.73 2 0
Selenium 3.5 0.54 0.48 2.9 4 0
Silver 21 1.68 1.06 0.48 0 0

Notes:

No metals were found above 95% UTLs or ARARSs (screening levels) in surface soil.

The maximum soil result for arsenic was collected from 10 to 11 feet below ground surface.

*Cleanup standard from 18 AAC 75, Table B1. Method Two, Under 40-inch zone, Migration to Groundwater (ADEC, 2003). Lead value is based on
the residential scenario pathway for this metal.

mg/kg — Milligram per kilogram

UTL — Upper tolerance limit

Metals that did not exceed background UTLs in soil (e.g., barium, cadmium, chromium, and silver)
are believed to represent background concentrations and are excluded from further consideration.

5.4 Free-Product Occurrences

Free product was first observed during the removal of UST AFID 755 in 1995. During the SERA
Phase IV program (1996), free product was measured in wells 41755-WLO01 and 41755-WL03, and
hydrocarbon sheen was observed in wells 41755-WL02 and 41755-WLO05. Following installation of the
SERA Phase IV wells, two Petropore® passive skimmer systems were installed in each of the wells
containing free product. Periodic emptying of the skimmers recovered 41 liters of free product over 18 days.
The following year (1997), two larger diameter (4-inch) wells (41755-WL10 and 41755-WL11) were
installed near well 41755-WLO01 to increase free-product recovery rates. The 4-inch-diameter wells were
equipped with Spillbuster® skimmers and actively operated for the remainder of the year; however, little free
product was recovered. Since 1997, neither recovery system has been operated or maintained. A summary of
the historical and 2000 free product measurements or observations is shown in Table 5-5. The estimated areal
extent of the free product on groundwater is shown in Figure 5-7.

In 2000, a free product layer was measured in wells 41755-WLO01, 41755-WLO03, and 41755-WL11 at
thicknesses of 0.5 feet, 0.33 feet, and 0.01 feet, respectively (Table 5-5). During each of these programs, well
41755-WLO1 consistently contained the greatest amount of free product.

In July 2002, another active product recovery system, the Magnum Spillbuster™, was installed in
well 41755-WLO01 to determine the maximum amount of product that could be recovered using an active
system. The system operated for approximately 3 weeks before malfunctioning. During this time, the system
removed less than 1 gallon of product. After cleaning and optimizing of the system components in August
2002, the product recovery system was restarted. However, after another month of continuous operation, less
than 0.5 gallon was recovered. The system was shut down in September 2002.

5.5 Groundwater Analytical Results
During all phases of investigation performed at Site DP98, 78 groundwater samples were collected
and analyzed for one or more of the following:
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e Petroleum hydrocarbons;

e VOCs;

e SVOCs;

e DPesticides and Aroclors; and

e Total inorganics (metals).

Groundwater samples were collected from 36 monitoring well and temporary well point locations at
the site to provide a lateral, vertical, and temporal evaluation of site conditions. Locations were selected in a
phased approach based on known historic and current site operations, soil gas survey results, and results of
preceding investigative phases. Twelve of these locations were temporary well points installed within the
margins of the wetland areas, which were sampled once and then abandoned. Groundwater samples were
collected in November 1996, November 1999, September 2000, October 2001, and during the 2002 RI field
program from the select locations available at the time of sampling. A summary of locations sampled by date
is presented in Table 5-6. The most consistent set of wells were sampled in September 2000 and October
2001. These data sets will be used to evaluate temporal variations in site conditions.

Table 5-5
Summary of Free Product Occurrence at Site DP98
Investigation and Measurement Date
Location SERA SERA SERA
v VII VIII EE/CA RI/FS
10/8/96 9/16/98 11/10/99 9/15/00 10/2/01 7/23/02 9/19/02
41755-WLO01 0.56 ft 3.26 ft 2.0 ft 0.5 ft Sheen 1.49 ft 0.37 ft
41755-WL02 Sheen ND ND ND ND ND ND
41755-WLO03 0.04 ft 0.21 ft 0.01 ft 0.33 ft 0.03 ft 0.01 ft Sheen
41755-WLO05 Sheen ND ND Sheen Sheen ND Sheen
41755-WL11 ND ND Sheen 0.01 ft NM Sheen Sheen
41755-423-BH02 | This boring 0.01 ft NM NM NM NM NM
was installed
in 1998

EE/CA — Engineering Evaluation/Cost Analysis
ft — Feet

ND — Not detected

NM — No measurement taken
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Figure 5-5. Soil Analytical Data for Select VOCs
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Figure 5-6. Interpolated Extent of TCE in Soil Greater Than 0.027 mg/kg

Final RI/FS Report 5-29 19 June 2003
Site DP98 Elmendorf AFB, Alaska



[This page intentionally left blank.]

19 June 2003 5-30 Final RI/FS Report
Site DP98 Elmendorf AFB, Alaska



Figure 5-7. Estimated Limits of Free Product
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Table 5-6

Summary of Groundwater Sampling Locations by Date

Sampling Date Locations Sampled
November 1996 | 41755-WLO02, 41755-WL04, 41755-WL05, 41755-WL06, 41755-WL07,
41755-WLO08, 41755-WL09

November 1999 | 41755-WLO01, 41755-WL02, 41755-WL04, 41755-WL05, 41755-WL06, 41755-WLO07,
41755-WL08, 41755W-109, 41755-WL10, 41755-WL11, 41755-WL12
September 2000 | 41755-WLO01, 41755-WL02, 41755-WL04, 41755-WLO05, 41755-WL06,
41755-WL07, 41755-WL08, 41755W-L09, 41755-WL10, 41755-WL11,
41755-WL12,41755-WL13, 41755-WL14, 41755-WL15, 41755-WL16
41755-WL17,41755-WL18, 41755-WL19
October 2001 41755-WLO01, 41755-WL02, 41755-WL04, 41755-WL05, 41755-WL06,
41755-WL07, 41755-WL08, 41755W-L09, 41755-WL10, 41755-WL12,
41755-WL13,41755-WL14, 41755-WL15, 41755-WL16
41755-WL17,41755-WL18, 41755-WL19
August 2002 WP-1, WP-2, WP-3, WP-4, WP-5, WP-6, WP-7, WP-8, WP-9, WP-10, WP-11,
WP-12

September 41755-WL22A, 41755-WL23
October 2002

41755-WLXX are groundwater monitoring wells. WP-XX are temporary wells points that were installed in the lower elevation areas, sampled, and
removed

Results of groundwater sample analyses are summarized and compared to screening criteria in Table
5-7. The statistical summary of groundwater analytical results includes multiple samples from the same
sampling locations. Groundwater samples collected from wells 41755-WL20 through 41755-WL23 did not
contain any of the target analytes at concentrations greater than screening criteria. These wells are completed
and screened within the semi-confined unit at the site. As a result the following discussion is limited to the
upper unconfined aquifer at the site.

5.5.1 Petroleum Hydrocarbons in Groundwater

The analytical data show a mixture of fuel contaminants (DRO, GRO, and BTEX) in groundwater
centered near the end of the building drain tile. These contaminants are migrating north-northwest with the
prevailing groundwater flow. The lateral extent of each fuel contaminants observed in the combined plume is
defined by wells that did not contain contaminant concentrations above screening criteria in all directions
except to the northwest. The boundaries of the DRO plume can only be qualitatively defined to the northwest
due to a distance of 320 feet between downgradient wells 41755-WL12 and 41755-WL17, due to the one
exceedance at 41755-WL12. It is possible that DRO concentrations above screening criteria extend through
this gap.

The lateral extent of fuels in groundwater varies depending upon the fuel component with DRO being
the primary, most laterally extensive and highest concentration component of the identified fuel contaminants.
The dimensions and trends of these plumes are shown on Figures 5-8 and 5-10. The soil gas results
conducted in 1997 and 2000 correlate well with the hydrocarbon plumes, which also appears to overlie the
contaminated soil areas previously discussed. For example, some of the highest DRO concentrations in
groundwater samples from near the wetland correlated with some of the highest DRO concentrations in soil
and TPH concentrations detected during the soil gas survey (Appendix G).

5.5.1.1 DRO

DRO is the most frequently detected petroleum hydrocarbon in groundwater. DRO was detected in
67 of the 69 analyzed samples at concentrations ranging from 0.023 to 1,300 mg/L (Table 5-7). The average
DRO concentration detected in groundwater was approximately 31.5 mg/L. DRO was detected in 27
groundwater samples at concentrations greater than the screening criteria of 1.5 mg/L. The highest
concentration was measured in the September 1999 groundwater sample collected from 41755-WLO1. Seven
of the nine highest DRO concentrations were measured in multiple groundwater samples from wells 41755-
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WLO1, 41755-WLO03, and 41755-WL05. Table 5-8 provides a summary of DRO results by location and date.
The estimated distribution of DRO contamination is provided on Figure 5-8. The interpolated extent of DRO
in groundwater at concentrations greater than 1.5 mg/L is provided on Figure 5-9. Contours of fuel
component concentrations are provided as Figure 5-10. A summary of groundwater hydrocarbon results by
location and date is provided in Table 5-8.

Both the average and maximum measured DRO concentration in groundwater increased substantially
from September 2000 to October 2001. The average measured DRO concentration in September 2000
groundwater samples was approximately 2.0 mg/L while the average measured DRO concentration in
October 2001 groundwater samples was approximately 5.2 mg/L. The maximum September 2000 DRO
concentration of 15.47 mg/L measured in the sample from well 41755-WLO01, located immediately adjacent to
the former UST. The maximum October 2001 DRO concentration of
49 mg/L was measured in the sample from well 41755-WLO03, located approximately 140 feet downgradient
of 41755-WLO01. DRO concentrations increased from 5.79 mg/L in the September 2000 sample from well
41755-WLO03 to 49 mg/L in the October 2001 sample. DRO concentrations also increased from 15.47 mg/L
in the September 2000 sample from well 41755-WLO01 to 24 mg/L in the October 2001 sample. Since the
inferred source of DRO in the subsurface, the former USTSs, have been removed or taken out of commission,
this increasing concentration trend suggests that residual DRO in soil is acting as a continuing source of
contamination to the groundwater. Additionally, there is a potential for emulsified DRO at the site because
the reported DRO concentrations are detected at higher concentrations than the reasonable maximum
solubility of DRO in fresh water, approximately 2 to 24 mg/L (Shiu et al 1990). The maximum solubility of
DRO is dependent on site-specific conditions. Samples with detected DRO concentrations in excess of the
maximum solubility concentration of DRO do not necessarily represent dissolved concentrations of DRO, but
more likely contain emulsified DRO.

The distribution of DRO in groundwater represents the largest fuel plume at Site DP98. The plume
extends from its suspected source (former UST AFID 755) south of Building 18224 north towards the slope
(Figure 5-9). Groundwater data collected in 2001 and 2002 shows two areas of elevated concentrations, one
beneath building 18224 (coincident with the free product plume) and one north-northwest of the western drain
tile from Building 18224. The plumes are tied together with an area of lower concentrations. The relatively
narrow zone of DRO contamination potentially discharges to the wetland between wells 41755-WLO07 and
41755-WL09. An extension of the DRO plume within the wetland probably also extends from the base of the
slope towards well 41755-WL12 at concentrations near, but not above, screening criteria. Free product has
persisted in well 41755-WLO01 since the well was installed in 1996 (refer to Table 5-4).

The depth to groundwater across the site ranges from approximately 5 feet bgs near the former
location of UST 755 to approximately 15 feet bgs near the top of the slope north of the Facility (Figure 4-4).
The thickness of the unconfined aquifer ranges from approximately 40 feet (the top of the silty clay interval)
beneath the former UST location to less than 10 feet thick at the base of the slope near well 41755-WL08 and
41755-WL09. The average saturated thickness is approximately 25 feet along this trend. Given that the
dimensions of the groundwater plume (Figure 5-10) to the base of the slope (where groundwater would likely
discharge) are approximately 600 feet long by 150 feet wide and the average thickness (25 feet thick) and an
estimated porosity range of 0.13 to 0.30 for glacial sediments (Domenico and Schwartz, 1990), the volume of
groundwater potentially contaminated with DRO above screening criteria would be between 292,500 to
675,000 cubic feet (2.2 to 5.0 million gallons). Assuming a porosity of 0.3, the computer-interpolated volume
of groundwater potentially contaminated with DRO above screening criteria could be up to 12 million gallons
(Figure 5-9).
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Summary of Groundwater Analytical Results

Table 5-7

Minimum Average Maximum Maximum No. of Detections
No. No. Detected Detected Detected Screening | Reporting Greater than
Analyte Units| Tested |Detected| Concentration | Concentration | Concentration Value® Limit Screening Level
Petroleum Hydrocarbons
Diesel range organics mg/L| 74 67 0.023 30.6 1,300 1.5 0.11 27
Gasoline range organics mg/L| 74 48 0.007 0.8 4.4 1.3 0.10 9
Residual range organics mg/L| 51 47 0.046 0.30 1.7 1.1 NA 12
Volatile Organics
1,1,1,2-Tetrachloroethane pg/L| 71 0 NA NA NA NE 23 NA
1,1,1-Trichloroethane pg/L| 71 7 0.3 1.11 33 200 23 0
1,1,2,2-Tetrachloroethane pg/L{ 71 1 0.9 0.9 0.9 4 27.6 0
1,1,2-Trichloroethane pg/L| 71 2 0.4 0.43 0.45 5 20 0
1,1-Dichloroethane ug/L| 71 14 0.11 0.93 32 3,650 18.2 0
1,1-Dichloroethene pg/L| 71 13 0.52 7.33 19 7 24 9
1,1-Dichloropropene pg/L| 71 0 NA NA NA NE 26 NA
1,2,3-Trichlorobenzene pg/L| 71 2 3 5.5 8 NE 8.8 NA
1,2,3-Trichloropropane pg/L| 71 0 NA NA NA NE 43 NA
1,2,4-Trichlorobenzene pg/L| 71 1 2 2 2 70 40 0
1,2,4-Trimethylbenzene ng/L| 71 23 0.12 93.83 1000 NE 29 NA
1,2-Dibromo-3-chloropropane | pg/L | 71 0 NA NA NA NE 199 NA
1,2-Dibromoethane pg/L| 71 0 NA NA NA NE 15 NA
1,2-Dichlorobenzene ug/L| 71 2 0.2 0.25 0.3 60 17 0
1,2-Dichloroethane pg/L| 71 0 NA NA NA 5 23 0
1,2-Dichloropropane pg/L| 71 0 NA NA NA 5 24.8 0
1,3,5-Trimethylbenzene pg/L| 71 20 0.16 37.19 320 NE 25 NA
1,3-Dichlorobenzene ng/L| 71 0 NA NA NA 600 21 0
1,3-Dichloropropane pg/L| 71 0 NA NA NA NE 15.2 NA
1,4-Dichlorobenzene ng/L| 71 0 NA NA NA 75 17.4 0
1-Chlorohexane pg/L| 54 0 NA NA NA NE 24 NA
2,2-Dichloropropane pg/L| 71 0 NA NA NA NE 35 NA




Table 5-7 (Continued)

Minimum Average Maximum Maximum No. of Detections
No. No. Detected Detected Detected Screening | Reporting Greater than
Analyte Units| Tested [Detected| Concentration | Concentration | Concentration Value® Limit Screening Level

2-Butanone pg/L| 22 0 NA NA NA NE 20 NA
2-Chlorotoluene pg/L| 71 0 NA NA NA NE 222 NA
2-Hexanone pg/L| 17 0 NA NA NA NE 20 NA
4-Chlorotoluene pg/L| 71 0 NA NA NA NE 18 NA
4-Isopropyltoluene pg/L| 71 21 0.12 10.66 48 NE 26 NA
4-Methyl-2-pentanone pg/L| 22 0 NA NA NA NE 20 NA
Acetone pg/L{ 22 6 2.64 4.11 8 NE 20 NA
Benzene pg/L| 78 28 0.11 16.05 160 5 21 13

Bromobenzene pg/L| 71 0 NA NA NA NE 19.5 NA
Bromochloromethane pg/L| 71 0 NA NA NA NE 25.2 NA
Bromodichloromethane pg/L| 71 1 0.2 0.2 0.2 80 17 0

Bromoform pg/L| 71 0 NA NA NA 80 56 0

Bromomethane ug/L| 71 10 0.27 0.46 1.1 NE 44 NA
Carbon disulfide pg/L| 17 3 0.2 0.27 0.3 NE 0.5 NA
Carbon tetrachloride pg/L| 71 0 NA NA NA 5 25 0

Chlorobenzene pg/L| 71 0 NA NA NA NE 18.7 NA
Chloroethane pg/L| 71 10 0.32 0.9 2.8 NE 35 NA
Chloroform pg/L| 71 17 0.1 0.77 3.8 80 19.2 0

Chloromethane pg/L| 71 14 0.37 2.95 10 NE 28 NA
cis-1,2-Dichloroethene pg/L| 71 38 0.14 1167.91 5700 70 6.13 20
cis-1,3-Dichloropropene pg/L| 71 0 NA NA NA NE 17 NA
Dibromochloromethane pg/L| 71 0 NA NA NA NE 17 NA
Dibromomethane pg/L| 71 0 NA NA NA NE 20 NA
Dichlorodifluoromethane pg/L| 71 0 NA NA NA NE 34 NA
Ethylbenzene pg/L| 78 34 0.12 26.81 320 700 20 0

Hexachlorobutadiene pg/L| 71 2 2 2.06 2.11 NE 76 NA
Isopropylbenzene pg/L| 71 26 0.12 9.19 30 NE 14 NA




Table 5-7 (Continued)

Minimum Average Maximum Maximum No. of Detections
No. No. Detected Detected Detected Screening | Reporting Greater than
Analyte Units| Tested |Detected| Concentration | Concentration | Concentration Value® Limit Screening Level

m,p-Xylene pg/L| 68 22 0.26 81.99 920 10,000 38 0
Methyl Tert-Butyl Ether pg/L| 54 0 NA NA NA NE 15 NA
Methylene chloride pg/L| 71 19 0.15 24.58 170 5 20 7
Naphthalene pg/L| 68 34 0.08 130.85 1200 1,460 14.4 0
n-Butylbenzene pg/L| 71 16 0.13 11.09 39 NE 45 NA
n-Propylbenzene pg/L| 71 27 0.13 11.02 43 NE 19.4 NA
o-Xylene pg/L| 71 21 0.09 47.96 530 10,000 16 0
sec-Butylbenzene pg/L| 71 23 0.15 6.33 24 NE 26 NA
Styrene pg/L| 71 1 0.28 0.28 0.28 100 18.9 0
tert-Butylbenzene pg/L| 71 7 0.23 0.43 0.91 NE 25 NA
Tetrachloroethene ug/L| 71 17 0.14 718.69 6400 5 11 10
Toluene pg/L| 78 41 0.12 1.09 7.5 1,000 20 0
trans-1,2-Dichloroethene | pg/L| 71 20 0.14 9.18 48 100 28 0
trans-1,3-Dichloropropene | pg/L| 71 0 NA NA NA NE 18 NA
Trichloroethene ug/L| 71 34 0.25 661.90 5000 5 12 25
Trichlorofluoromethane pg/L| 71 0 NA NA NA NE 27 NA
Vinyl chloride pg/L| 71 13 0.39 4.04 15 2 43 13

Total Xylenes pg/L 7 7 1 7 41 10,000 NA 0
Semivolatile Organics

Acenaphthene pg/L | 25 11 0.16 4.04 14.8 2,200 0.36 0
Acenaphthylene pg/L| 25 1 0.18 0.18 0.18 NE 1.7 NA
Anthracene pg/L| 25 0 NA NA NA 11,000 0.1 0
Benzo(a)anthracene pug/L| 25 0 NA NA NA 1 0.05 0
Benzo(a)pyrene pg/L| 25 0 NA NA NA 0.2 0.14 0
Benzo(b)fluoranthene pg/L| 25 0 NA NA NA | 0.08 0
Benzo(g,h,i)perylene pg/L| 25 1 0.04 0.04 0.04 NE 0.13 NA
Benzo(k)fluoranthene pg/L| 25 0 NA NA NA 10 0.17 0




Table 5-7 (Continued)

Minimum Average Maximum Maximum No. of Detections
No. No. Detected Detected Detected Screening | Reporting Greater than
Analyte Units| Tested |Detected| Concentration | Concentration | Concentration Value® Limit Screening Level
Chrysene pg/L| 25 1 0.01 0.01 0.01 100 0.1 0
Dibenz(a,h)anthra| ug/L | 25 0 NA NA NA NE 0.14 NA
cene
Fluoranthene pg/L| 25 0 NA NA NA NE 0.1 NA
Fluorene pg/L| 25 11 0.06 1.87 6.8 1,460 0.042 0
Indeno(1,2,3- pg/L| 25 0 NA NA NA NE 0.19 NA
cd)pyrene
Naphthalene pg/L| 23 11 0.26 71.47 304.7 1,460 0.47 0
Phenanthrene pg/L| 25 12 0.01 1.57 7.7 NE 0.024 NA
Pyrene pg/L| 25 0 NA NA NA 1,100 0.1 0
Total Inorganics
Arsenic pg/L| 21 20 1.1 133 60.1 10 0.6 7
Barium pg/L| 21 21 15.4 97.7 517 2,000 NA 0
Cadmium pg/L| 21 6 0.7 1.38 2.7 5 1 0
Chromium pg/L| 21 15 4 16 97 100 3 0
Lead pg/L| 21 17 0.12 3.21 11.1 15 0.6 0
Mercury pg/L| 21 3 0.1 0.17 0.2 2 0.1 0
Selenium pg/L| 21 2 1 1 1 50 2 0
Silver pg/L| 21 11 2 3.73 5 18 10 0
Pesticides and
Aroclors
4,4-DDD pg/L| 18 0 NA NA NA .36 0.012 0
4,4-DDE pg/L| 18 0 NA NA NA 25 0.038 0
4,4-DDT pg/L| 18 0 NA NA NA 25 0.013 0
Aldrin pg/L| 18 0 NA NA NA .05 0.04 0
alpha-BHC pg/L| 18 0 NA NA NA 0.1 0.32 0
alpha-Chlordane |pg/L| 18 0 NA NA NA 2.0 0.013 0
Aroclor 1016 pg/L| 18 0 NA NA NA 0.5 0.046 0
Aroclor 1221 pg/L| 18 0 NA NA NA 0.5 0.046 0
Aroclor 1232 pg/L| 18 0 NA NA NA 0.5 0.046 0




Table 5-7 (Continued)

Minimum Average Maximum Maximum No. of Detections
No. No. Detected Detected Detected Screening Reporting Greater than
Analyte Units| Tested |Detected| Concentration| Concentration | Concentration Value® Limit Screening Level

Aroclor 1242 pg/L 18 0 NA NA NA 0.5 0.046 0
Aroclor 1248 png/L 18 0 NA NA NA 0.5 0.046 0
Aroclor 1254 pg/L 18 0 NA NA NA 0.5 0.046 0
Aroclor 1260 png/L 18 0 NA NA NA 0.5 0.046 0
beta-BHC pg/L 18 0 NA NA NA 0.47 0.18 0
delta-BHC ng/L 18 0 NA NA NA NE 0.052 0
Dieldrin png/L 18 0 NA NA NA 0.05 0.14 0
Endosulfan I pg/L 18 0 NA NA NA 200 0.018 0
Endosulfan I1 pg/L 18 0 NA NA NA 200 0.015 0
Endosulfan sulfate ng/L 18 1 0.001 0.001 0.001 NE 0.0063 NA
Endrin pg/L 18 0 NA NA NA 2.0 0.038 0
Endrin aldehyde pg/L 18 0 NA NA NA NE 0.021 NA
gamma-Chlordane ng/L 18 0 NA NA NA 2.0 0.14 0
Heptachlor png/L 18 0 NA NA NA 0.4 0.046 0
Heptachlor epoxide ng/L 18 0 NA NA NA 0.2 0.052 0
Lindane pg/L 18 3 0.0052 0.047 0.13 0.2 0.23 0
Methoxychlor pg/L 18 0 NA NA NA 40 0.033 0
Toxaphene ng/L 18 0 NA NA NA 3.0 0.53 0
Physical Parameters

Chloride mg/k 8 8 17.5 22.6 38 NA NA NA
Nitrate mg/k 8 8 0.2 0.413 0.7 NA NA NA
Sulfate mg/k 8 8 2.7 6.4 13.2 NA NA NA
Total Solids ‘i 4 4 88.4 90.1 92.5 NA NA NA
Total Organic Carbon | mg/k 4 4 3390 4385 6470 NA NA NA

g

* Source of screening level indicated in Table 5-1. Pesticides and Aroclors screening levels are from the lowest of 18AAC80, 18AAC75, and 40 CFR Part 141.

ng/L — Microgram per liter

NA — Not applicable
NE — Not established




Table 5-8

Summary of Groundwater Hydrocarbon Results by Location and Date

Site DP98 Elmendorf AFB, Alaska

Sample| Sample DRO GRO RRO Benzene
Sample Location Type Date (mg/L) (mg/L) (mg/L) (ng/L)
41755-WL01-GRND ES 11/12/99 | 1,300.0 4.4 NS 160
41755-WL0O1-GRND ES 09/19/00 15.5 2.38 1.02 125
41755-WL01-GRND ES 10/02/01 24.0 2.8 0.45 100
41755-WL02-GRND ES 11/11/96 1.7 J 1.89 NS 23
41755-WL02-GRND ES 11/12/99 2.0 3 NS 4.4
41755-WL02-GRND ES 09/19/00 0.67 B 4.13 0.27 F 3.18 B
41755-WL02-GRND ES 10/02/01 0.71 3.1 0.2 F 21 U
41755-WL03-GRND ES 11/12/99 160.0 1.3 NS 7
41755-WL03-GRND FD 09/19/00 4.7 0.842 0.243 Y 9.57
41755-WL03-GRND ES 09/19/00 5.79 0.977 0.25 F 10.4
41755-WL03-GRND ES 10/02/01 49.0 0.53 0.21 F 53 U
41755-WL04-GRND ES 11/07/96 2.7 1.07 NS 1.1
41755-WL04-GRND ES 11/11/99 1.6 0.4 NS 2
41755-WL04-GRND FD 09/20/00 0.9 J 3.43 0.153 Y 2.14 J
41755-WL04-GRND ES 09/20/00 0.89 B 3.38 0.14 F 2.06 B
41755-WL04-GRND ES 10/06/01 0.94 1.1 0.087 F 11 U
41755-WL05-GRND FD 11/07/96 27.8 0.683 NS 43
41755-WLO05-GRND ES 11/07/96 30.6 0.672 NS 4.1
41755-WL05-GRND ES 11/11/99 18.0 0.56 NS 2.6
41755-WLO05-GRND ES 09/20/00 3.37 3.01 0.80 2.88 B
41755-WL05-GRND ES 10/06/01 7.0 M 0.8 0.27 11 U
41755-WL06-GRND ES 11/11/96 0.3 0.05 U NS 0.5 U
41755-WL06-GRND FD 11/11/99 0.09 J 0.05 U NS 0.5 U
41755-WL06-GRND ES 11/11/99 0.11 0.05 U NS 0.5 U
41755-WL06-GRND ES 09/21/00 0.14 B | 0006 U 0.16 F 0.13 U
41755-WL06-GRND ES 10/06/01 0.16 0.026 F 0.078 F 0.11 U
41755-WL07-GRND ES 11/07/96 2.0 0.05 U NS 0.5 U
41755-WL07-GRND ES 11/10/99 0.55 0.05 U NS 0.5 U
41755-WL07-GRND ES 09/20/00 2.07 0.025 F 0.32 0.13 U
41755-WL07-GRND ES 10/04/01 23 0.021 U 0.12 F 0.11 U
41755-WL0S-GRND ES 11/25/96 0.1 0.032 J NS 0.5 U
41755-WLO08-GRND ES 11/17/99 0.06 J 0.034 J NS 0.5 U
41755-WL0S-GRND ES 09/25/00 0.07 0.041 F 0.10 F 0.14 F
41755-WLO08-GRND ES 10/05/01 0.028 F | 0.041 F NS 0.11 U
41755-WL09-GRND ES 11/25/96 0.2 0.021 J NS 0.5 U
41755-WL09-GRND FD 11/17/99 NS 0.05 U NS 0.5 U
41755-WL09-GRND ES 11/17/99 0.09 J NS NS 0.5 U
41755-WL09-GRND ES 09/20/00 0.023 0012 F 0.06 F 0.13 U
41755-WL09-GRND ES 10/03/01 0.046 F | 0021 U 0.046 F 0.11 U
41755-WL10-GRND ES 11/12/99 0.59 0.05 U NS 0.5 U
41755-WL10-GRND ES 09/21/00 0.27 B | 0.009 F 0.13 F 0.13 U
41755-WL10-GRND ES 10/03/01 6.1 0.037 F 0.23 F 2.7
41755-WL11-GRND ES 11/12/99 10.0 0.33 NS 1.4
41755-WL11-GRND ES 09/21/00 5.96 0.614 0.54 F 9.84
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Table 5-8 (Continued)

Sample| Sample DRO GRO RRO Benzene
Sample Location Type Date (mg/L) (mg/L) (mg/L) (ug/L)
41755-WL12-GRND ES 11/11/97 0.45 0.1 U 0.67 F 1 U
41755-WL12-GRND ES 11/10/99 0.05 J 0.05 U NS 0.5 U
41755-WL12-GRND ES 09/26/00 0.03 F 0.007 F 0.11 F 0.13 U
41755-WL12-GRND ES 10/03/01 0.039 F 0.021 U 0.058 F 0.11 U
41755-WL13-GRND ES 09/22/00 0.03 F 0.014 F 0.08 F 0.13 U
41755-WL13-GRND ES 10/03/01 0.57 F 0.021 U 0.065 F 0.11 U
41755-WL14-GRND ES 09/22/00 0.11 B | 0.033 F 0.12 F 0.24 F
41755-WL14-GRND ES 10/05/01 0.035 F 0.021 U NS 0.11 U
41755-WL15-GRND ES 09/22/00 0.023 U | 0.011 F 0.05 F 0.13 U
41755-WL15-GRND ES 10/05/01 0.023 F 0.021 U NS 0.11 U
41755-WL16-GRND ES 09/22/00 0.16 B 0.017 F 0.22 F 0.13 U
41755-WL16-GRND ES 10/05/01 0.17 0.021 U NS 0.11 U
41755-WL17-GRND ES 09/25/00 1.58 J 0.011 F 0.27 J 0.13 U
41755-WL17-GRND ES 10/04/01 34 M | 0.021 F 0.28 0.11 U
41755-WL18-GRND ES 09/26/00 0.06 F 0.015 F 0.08 F 0.13 U
41755-WL18-GRND ES 10/02/01 0.12 0.021 U 0.14 F 0.11 U
41755-WL19-GRND ES 09/21/00 0.19 B 0.05 B 0.22 F 0.43 B
41755-WL19-GRND ES 10/04/01 0.088 F 0.021 U 0.094 F 0.11 U
WP-1 ES 08/08/02 4.1 0.220 0.360 2.5
WP-2 ES 08/08/02 110 0.510 0.990 Y 24 F
WP-3 ES 08/08/02 1.6 0.280 0.370 Y 2.7
WP-4 ES 08/08/02 11 0.180 0.850 Y 0.48
WP-5 ES 08/08/02 320 0.310 1.7 3.1
WP-6 ES 08/08/02 0.180 0.034 Y 0.290 0.11 F
WP-7 ES 08/08/02 0.130 0.020 U 0.250 0.11 U
WP-8 ES 08/08/02 0.260 0.034 Y 0.310 0.23 F
WP-9 ES 08/08/02 0.180 0.020 0.180 0.11 U
WP-10 ES 08/08/02 0.120 0.020 U 0.180 0.11 U
WP-11 ES 08/08/02 0.170 0.020 U 0.270 0.11 U
WP-12 ES 08/08/02 0.830 0.020 U 0.480 0.11 U
41755-WL20 ES 08/22/02 NS 0.02 U NS 0.11 U
41755-WL20 FD 08/22/02 NS 0.02 U NS 0.105 U
41755-WL21 ES 08/22/02 NS 0.02 U NS 0.11 U
41755-WL22 ES 08/22/02 NS 0.02 U NS 0.11 U
DRO - Diesel range organics ES - Environmental sample
FD - Field duplicate GRO — Gasoline range organics
J — Associated value is an estimate mg/kg — Milligrams per kilogram
NS — Not sampled for specified analyte RRO — Residual range organics
U — Analyte not detected at the specified reporting limit ng/kg — Micrograms per kilogram

X — See case narrative

Y — The chromatographic fingerprint of the sample resembles a petroleum product eluting in approximately the correct carbon range, but the elution
pattern does not match the calibration standard

B — This analyte was also detected in the associated equipment blank

F — The analyte was positively identified, but the result is below the method-reporting limit.

M — A matrix effect was present.

5.5.1.2 GRO

GRO was detected in 48 of the 72 analyzed groundwater samples at concentrations ranging from
0.007 to 4.4 mg/L (Table 5-7). The average GRO concentration reported in groundwater was approximately
0.8 mg/L. GRO was detected in 11 groundwater samples at concentrations above the screening criteria of 1.3
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mg/L. The highest GRO concentrations were measured in samples from wells 41755-WLO01, 41755-WL02,
41755-WLO03, 41755-WL04, and 41755-WLO0S5 (Table 5-8).

In contrast to DRO, both the average and the maximum measured GRO concentrations in
groundwater decreased from September 2000 to October 2001. The average measured GRO concentration in
September 2000 was approximately 0.78 mg/L, while the average measured GRO concentration in October
2001 was 0.48 mg/L. The maximum September 2000 GRO concentration of 4.13 mg/L was measured in the
sample from well 41755-WLO02, located approximately 160 feet downgradient of the former USTs near the
end of the western drain tile for Building 18224. The maximum October 2001 GRO concentration of 3.1
mg/L was also measured in the sample from well 41755-WL02.The distribution of GRO in groundwater is
generally coincident with DRO and the estimated extent of the GRO in groundwater is contoured in Figure 5-
10. The source of GRO is likely the former UST; however, an unknown amount of GRO could have been
contributed to the soil and groundwater via infiltration of discharge water through the drainage tile that trends
along the western edge of Building 18224. It also appears that this plume has migrated to its present location
approximately 100 feet north-northwest of well 41755-WL05. No GRO was measured in the well point
samples located at the base of the slope. Well 41755-WLO03 contained GRO at concentrations above the
screening criteria (1.3 mg/L) only in 1999. The absence of GRO above regulatory criteria in well 41755-
WLO03 in 2000 and 2001 suggests the plume has moved north-northwest with groundwater flow, or that GRO
concentrations have degraded below 1.3 mg/L. Therefore, this well is considered the eastern boundary of the
GRO plume in groundwater.

Based on the hydrogeologic assumptions used for DRO in groundwater and the measured GRO
plume dimensions (400 feet long by 300 feet wide) from Figure 5-10, the volume of groundwater potentially
contaminated with GRO would be between 390,000 to 900,000 cubic feet, or approximately 2.9 to 6.7 million
gallons.

5.5.1.3 RRO

RRO was detected in all 46 analyzed groundwater samples at concentrations ranging from 0.046 to
1.7 mg/L. The average RRO concentration detected in groundwater was approximately 0.31 mg/L (Table 5-
7). The highest RRO concentration was measured in the August 2002 groundwater sample from WP-5. RRO
was detected in 1 sample at a concentration greater than the screening criteria of 1.1 mg/L. RRO is
distributed similarly to DRO, but at lower concentrations. The single concentration above the screening
criteria was collected from temporary well point WP-5.

5.5.1.4 Benzene, Toluene, Ethylbenzene, and Xylenes

Benzene was detected in 28 of the 78 analyzed groundwater samples at concentrations ranging from
0.11 to 160 pg/L (Table 5-7). The average benzene detection in groundwater was approximately 16 pg/L.
The highest benzene concentration was measured in the November 1999 sample from well 41755-WLO1.
Benzene was detected in 13 samples at concentrations greater than the screening criteria of 5 ug/L. Benzene
results are summarized by location and sample date in Table 5-8.

Toluene was detected in 410f the 78 groundwater samples at concentrations ranging from 0.12 to 7.5
ug/L. None of the groundwater samples contained toluene at concentrations greater than the screening
criteria of 1,000 pg/L. Ethylbenzene was detected in 34 of the 78-groundwater samples at concentrations
ranging from 0.12 to 320 pg/L. None of the groundwater samples contained ethylbenzene at concentrations
greater than the screening criteria of 700 pg/L. m,p-Xylenes were detected in 22 of the 68 analyzed samples at
concentrations ranging from 0.26 to 920 pg/L and o-xylenes were detected in 21 of 71 samples at
concentrations ranging from 0.09 to 530 pg/L. There were 7 groundwater samples analyzed for total xylenes
that were detected at concentrations ranging from 1 to 41 pg/L. The sum of the maximum speciated xylenes
and the total xylene detections were not above the screening criteria of 10,000 pg/L.
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Figure 5-8. Distribution of Fuel Compounds in Groundwater
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Figure 5-9. Interpolated Extent of DRO in Groundwater Greather Than 1.5 mg/L
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Figure 5-10. Groundwater Concentration Contours for Fuel Compounds
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Figure 5-11. Distribution of Select VOCs in Groundwater
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The distributions of benzene and total BTEX concentrations in groundwater are summarized in Figure
5-10. Benzene and total BTEX in groundwater originate from the former USTs located adjacent to Building
18224. The highest concentrations for each plume are measured at well 41755-WLO01. The close grouping of
the benzene and BTEX plume contours suggests that the compounds were a component of the fuel contained
in these former USTs. The dimensions and the estimated direction of the benzene and BTEX plumes, along
with naphthalene, a component of diesel fuel, are shown in Figure 5-10. The shapes of the naphthalene and
BTEX plumes are almost identical, indicating the likely lateral extent of the fuel plume downgradient of the
UST.

As shown in Figure 5-10, benzene, total BTEX, and GRO form similar patterns; however, the size of
the benzene plume to the north is shorter (300 feet long by 200 feet wide) based on plume measurements
taken from Figure 5-10. Using the hydrogeologic assumptions used for GRO, along with the measured
dimensions of the BTEX plume, the volume of groundwater potentially contaminated with BTEX would be
between 195,000 to 450,000 cubic feet, or approximately 1.5 to 3.4 million gallons.

5.5.2 Chlorinated Solvents in Groundwater

Similar to the distributions observed for fuel constituents, TCE, PCE, DCE, and VC extend in
groundwater from the end of the drainage tile near Building 18224 north-northwest following the prevailing
groundwater flow direction towards the wells 41755-WL07, 41755-WLO0S, and 41755-WL09. The soil gas
results from 1997 and 2001 EE/CA surveys show general agreement with the trends of the groundwater
plumes based on analytical data (Appendix E). The chlorinated solvent distribution in groundwater is similar
to the distribution in soil.

5.5.2.1 TCE

TCE was the most frequently detected chlorinated solvent in groundwater. TCE was detected in 34 of
71 analyzed samples at concentrations ranging from 0.25 to 5,000 ug/L. The average TCE detection was
approximately 662 ng/L (Table 5-7). The maximum TCE concentration was measured in the November 1999
groundwater sample from well 47155-WL04. TCE was measured at concentrations greater than 1,000 pg/L
on three separate occasions in samples from wells 41755-WL02 and 41755-WL04. TCE was detected in 25
groundwater samples at concentrations greater than the screening criteria of 5 pg/L (Table 5-7). Groundwater
analytical results for select chlorinated solvents are summarized by location and sampling date in Table 5-9.

Both the average and maximum measured TCE concentrations in groundwater increased from
September 2000 to October 2001. The average measured TCE concentration in September 2000 groundwater
samples was approximately 343 pg/L while the average measured TCE concentration in October 2001
groundwater samples was approximately 466 pg/L. The maximum September 2000 TCE concentration of
3,815 pg/L was measured in the sample from well 41755-WL04 located approximately 250 feet downgradient
of the former USTs. The maximum October 2001 TCE concentration of 4,400 ug/L. was measured in the
sample from well 41755-WLO02.

The highest TCE concentrations (above 2,000 ug/L) were measured at wells 41755-WL04 and
41755-WL02, suggesting that these wells are nearest the source of the TCE plume. The nearest potential
release point for these compounds is the drainage pipe extending from Building 18224. The northern extent
of the plume has reached a line of temporary well points (WP-1 through WP-4, WP-6, WP-8, and WP-12).
Two downgradient wells, 41755-WL15 and 41755-WL16, did not contain TCE above screening criteria. The
leading edge or downgradient extent of TCE in groundwater is therefore located between these wells and the
temporary well points. Three well point locations (WP-1 through WP-3) located near the access road to
wastewater treatment pond, contained TCE above screening criteria, and this area could be an area of
groundwater discharging to surface water downgradient of well 41755-WL04. The distribution of TCE in
groundwater is shown on Figure 5-11. TCE and PCE concentration contours in groundwater are provided on
Figure 5-12. The distribution of TCE is interpolated on Figure 5-13.

Based on the hydrogeologic assumptions used above for plumes with similar shapes and extent along
with the measured TCE plume dimensions (400 feet long by 300 feet wide) on Figure 5-11, the volume of
groundwater possibly containing TCE would be between 390,000 to 900,000 cubic feet, or approximately 2.9
to 6.7 million gallons.
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5.5.2.2 PCE

PCE was detected in 17 of the 71 analyzed groundwater samples at concentrations ranging from 0.14
to 6,400 pg/L. The average PCE concentration in groundwater was approximately 719 pg/L (Table 5-7).
PCE was detected in 10 groundwater samples at concentrations above the screening criteria of 5 pg/L. The
highest PCE concentration was measured in the October 2001 sample from well 41755-WL02. Samples
collected from well 41755-WL02 in November 1999, September 2000, and October 2001 were the only
samples with PCE concentrations greater than 1,000 ug/L. The remaining groundwater samples collected at
the site contained PCE concentrations less than or equal to 11 pg/L. The distribution of PCE in groundwater
is shown on Figure 5-11. TCE and PCE concentration contours in groundwater are provided on Figure 5-12.

The maximum and average PCE detection in groundwater increased from September 2000 to October
2001. The average PCE concentration in September 2000 was approximately 158 pg/L and the October 2001
average was approximately 358 pug/L. The September 2000 maximum PCE concentration was 2,989 pg/L
and the October 2001 maximum was 6,400 pug/L. Both of these maximum detections were measured in
samples from well 41755-WL02. The increase in the average PCE concentration from September 2000 to
October 2001 is solely due to the measured PCE concentration in well 41755-WLO02. It is possible that TCE
is dissolved into the oil emulsions, resulting in the higher TCE concentrations detected.

The highest concentration of PCE was located at well 41755-WL02 located near the drainage pipe
suggesting that the drainage tile is the source of PCE observed in groundwater. The plume encompasses a
wide area and extends past wells 41755-WL07 and 41755-WL09 at very low concentrations. The extent of
this plume is defined laterally by the absence of reported VOCs in samples from downgradient wells 41755-
WL12 and 41755-WL17. The estimated lateral extent of the PCE plume is shown in Figure 5-12.

Based on the hydrogeologic assumptions used above for plumes with similar shapes and extent, along
with the measured PCE plume dimensions (250 feet long by 150 feet wide) from Figure 5-11, the volume of
groundwater potentially contaminated with PCE would be between 121,875 to 281,250 cubic feet, or
approximately 0.9 to 2.1 million gallons.

5.5.2.3 DCE

Of the three DCE isomers (cis-1,2-DCE, trans-1,2-DCE, and 1,1-DCE), cis1,2-DCE was the most
frequently detected. Cis-1,2-DCE was detected in 38 of 71 analyzed samples at concentrations ranging from
0.14 to 5,700 pg/L. The average cis-1,2-DCE concentration in groundwater was approximately 1,168 pg/L.
Cis-1,2-DCE was detected in 20 groundwater samples at concentrations above the screening criteria of 70
png/L (Table 5-7). The highest concentration was measured in the November 1999 sample from well 41755-
WL-05, located approximately 280 feet downgradient of the former USTs and approximately 110 feet
northwest of the western Building 18224 drain tile outlet. Cis-1,2-DCE was detected at concentrations above
1,000 pg/L in groundwater samples from 41755-WL02, 41755-WLO03, 41755-WL04, 41755-WLO05, WP-1,
and WP-2. The distribution of cis-1,2-DCE in groundwater, shown on Figure 5-14, is similar to the
distribution of TCE in groundwater.

The average and maximum concentrations of cis-1,2-DCE also increased from September 2000 to
October 2001. The average September 2000 concentration was approximately 527 pug/L and the average
October 2001 concentration was approximately 785 pg/L. The maximum September 2000 concentration was
3,899 pg/L and the maximum October 2001 concentration was 4,700 ug/L. The maximum concentrations for
both sampling dates were measured in well 41755-WLO0S5. Cis-1,2-DCE is a known degradation product of
TCE. The lateral extent of cis-1,2-DCE and TCE are similar and the maximum and average cis-1,2-DCE
concentrations in groundwater are actually higher than TCE. The concentration of cis-1,2-DCE also appears
to be increasing over time. These observations suggest that natural degradation of TCE to cis-1,2-DCE is
occurring at the site.

1,1-DCE was detected in 13 of 71 groundwater samples at concentrations ranging from 0.52 to 19 ug/L. The
average 1,1-DCE concentration was approximately 7.3 pg/L. The maximum 1,1-DCE concentration was
measured in the October 2001 sample from well 41755-WL04. 1,1-DCE was detected in 9 groundwater
samples at a concentration greater than the screening criteria of 7 pg/L. The distribution of 1,1-DCE in
groundwater is provided on Figure 5-14.
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Table 5-9

Summary of Volatile Organic Compounds in Groundwater

Sample Sample Sample TCE PCE cis-1,2-DCE | Vinyl Chloride
Location Type Date pg/L pg/L pg/L pg/L
41755-WLO1-GRND ES 11/12/99 0.8 0.5 U 3.8 0.5 U
41755-WL01-GRND ES 09/19/00 729 ] 0.12 U 0.94 F 0.13 U
41755-WLO1-GRND ES 10/02/01 59 U 9.5 F 5.8 U 11 U

41755-WL02-GRND ES 11/12/99 2300 2800 4200 1.3

41755-WL02-GRND ES 09/19/00 2290 2990 2490 0.61 F
41755-WL02-GRND ES 10/02/01 4400 6400 4000 43 U
41755-WL03-GRND ES 11/12/99 47 0.5 U 2100 0.9

41755-WL03-GRND FD 09/19/00 12.5 0.12 U 782.3 0.89 Y
41755-WL03-GRND ES 09/19/00 9.19 0.12 U 1054 0.95 F
41755-WL03-GRND ES 10/02/01 120 5.5 U 2200 11 U
41755-WL04-GRND ES 11/11/99 5000 0.5 U 2200 0.4 J
41755-WL04-GRND FD 09/20/00 3815 1.16 X 2456 0.54 Y
41755-WL04-GRND ES 09/20/00 3780 1.2 F 2480 0.53 F
41755-WL04-GRND ES 10/06/01 3800 11 U 3200 22 U
41755-WL05-GRND ES 11/11/99 5.7 0.5 U 5700 9.6

41755-WL05-GRND ES 09/20/00 6.81 10.2 3899 12.3

41755-WL05-GRND ES 10/06/01 12 U 11 U 4700 22 U
41755-WL06-GRND ES 11/11/97 05 U 0.5 U 0.5 U 0.5 U
41755-WL06-GRND FD 11/11/99 05 U 0.5 U 0.5 U 0.5 U
41755-WL06-GRND ES 11/11/99 05 U 0.5 U 0.5 U 0.5 U
41755-WL06-GRND ES 09/21/00 025 F 0.16 F 0.13 U 0.13 U
41755-WL06-GRND ES 10/06/01 012 U 0.11 U 0.12 U 0.22 U
41755-WL07-GRND FD 11/11/97 05 U 0.5 U 0.5 U 0.5 U
41755-WL07-GRND ES 11/11/97 05 U 0.5 U 0.5 U 0.5 U
41755-WL07-GRND ES 11/10/99 05 U 0.5 U 0.5 U 0.5 U
41755-WL07-GRND ES 09/20/00 1.05 3.26 0.51 F 0.13 U
41755-WL07-GRND ES 10/04/01 0.12 U 0.31 F 0.12 U 0.22 U
41755-WL08-GRND ES 11/11/97 9.96 0.5 U 6.13 U 0.5 U
41755-WL08-GRND ES 11/17/99 22 0.5 U 8.4 0.5 U
41755-WL08-GRND ES 09/25/00 30.2 0.12 U 15.6 B 0.13 U
41755-WL08-GRND ES 10/05/01 52 0.11 U 15 0.22 U
41755-WL09-GRND ES 11/11/97 05 U 0.5 U 0.5 U 0.5 U
41755-WL09-GRND FD 11/17/99 22 0.5 U 8.5 0.5 U
41755-WL09-GRND ES 11/17/99 05 U 0.5 U 0.5 U 0.5 U
41755-WL09-GRND ES 09/20/00 048 F 1.13 F 0.18 F 0.13 U
41755-WL09-GRND ES 10/03/01 012 U 0.29 F 0.12 U 0.22 U
41755-WL10-GRND ES 11/12/99 04 J 0.5 U 0.5 U 0.5 U
41755-WL10-GRND ES 09/21/00 1.32 0.46 F 0.34 F 0.13 U
41755-WL10-GRND ES 10/03/01 093 F 1.4 F 0.31 F 0.22 U
41755-WL11-GRND ES 11/12/99 1 U 1.5 U 1 U 0.5 U
41755-WL11-GRND ES 09/21/00 041 F 0.12 U 53.5 B 0.13 U
41755-WL12-GRND ES 11/11/97 05 U 0.5 U 0.5 U 0.5 U
41755-WL12-GRND ES 11/10/99 05 U 0.5 U 0.5 U 0.5 U
41755-WL12-GRND ES 09/26/00 0.15 U 0.12 U 0.13 U 0.13 U
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Table 5-9 (Continued)

Sample Sample Sample TCE PCE cis-1,2-DCE | Vinyl Chloride
Location Type Date pg/L ng/L pg/L pg/L
41755-WL12-GRND ES 10/03/01 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL13-GRND ES 09/22/00 032 F 0.25 F 0.13 U 0.13 U
41755-WL13-GRND ES 10/03/01 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL14-GRND ES 09/22/00 0.15 U 0.12 U 7.61 B 0.13 U
41755-WL14-GRND ES 10/05/01 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL15-GRND ES 09/22/00 0.15 U 0.14 F 0.13 U 0.13 U
41755-WL15-GRND ES 10/05/01 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL16-GRND ES 09/22/00 0.15 U 0.12 U 1.8 B 0.13 U
41755-WL16-GRND ES 10/05/01 0.12 U 0.16 F 0.12 U 0.22 U
41755-WL17-GRND ES 09/25/00 0.15 U 0.12 U 0.14 F 0.13 U
41755-WL17-GRND ES 10/04/01 0.12 U 0.11 U 0.24 F 0.22 U
41755-WL18-GRND ES 09/26/00 0.62 F 0.12 U 23 B 0.13 U
41755-WL18-GRND ES 10/02/01 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL19-GRND ES 09/21/00 0.15 U 0.12 U 11.4 B 0.13 U
41755-WL19-GRND ES 10/04/01 0.12 U 0.23 F 0.12 U 0.22 U
WP-1 ES 08/08/02 85 0.55 U 1900 5.7
WP-2 ES 08/08/02 290 1.1 U 1900 7.9 F
WP-3 ES 08/08/02 220 0.55 U 1500 15
WP-4 ES 08/08/02 35 0.11 U 46 2.4
WP-5 ES 08/08/02 34 F 0.55 U 780 6.4 U
WP-6 ES 08/08/02 0.57 F 0.11 U 260 0.39 F
WP-7 ES 08/08/02 0.12 U 0.11 U 56 0.22 U
WP-8 ES 08/08/02 055 F 0.11 U 160 2.5
WP-9 ES 08/08/02 0.12 U 0.11 U 5.8 0.22 U
WP-10 ES 08/08/02 0.12 U 0.11 U 0.12 U 0.22 U
WP-11 ES 08/08/02 0.12 U 0.11 U 0.12 U 0.22 U
WP-12 ES 08/08/02 032 F 0.11 U 0.12 U 0.22 U
41755-WL20 ES 08/22/02 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL20 FD 08/22/02 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL21 ES 08/22/02 0.12 U 0.11 U 0.12 U 0.22 U
41755-WL22 ES 08/22/02 0.12 U 0.11 U 0.12 U 0.22 U
cis-1,2-DCE — cis-1,2-dichloroethene ng/L — Micrograms per liter
ES — Environmental sample FD — Field duplicate
J — Associated value is an estimate PCE - Tetrachloroethene
TCE — Trichloroethene U — Analyte not detected at specified reporting limit
X — See case narrative F — The analyte was positively identified, but the results is below the method

reporting limit
Y — The chromatographic fingerprint of the sample resembles a petroleum product eluting in approximately the correct carbon range, but the elution
pattern does not match the calibration standard

Trans-1,2-DCE was detected in 20 of the 71 samples at concentrations ranging from 0.14 to 48 pg/L.
The average trans-1,2-DCE concentration in groundwater was approximately 9 pg/L. The highest trans-1,2-
DCE concentration was measured in the October 2001 sample from well 41755-WL0S5. Trans-1,2-DCE was
not detected in groundwater at concentrations greater than the screening criteria of 100 ug/L. The distribution
of trans-1,2-DCE in groundwater is estimated on Figure 5-14.

The distribution of 1,1-DCE and trans-1,2-DCE in groundwater is less extensive and coincident with
cis-1,2-DCE (Figure 5-14). Similar to the TCE distribution, the cis-1,2-DCE distribution also overlies the
outlet of the drainage pipe extending from Building 18224. However, this structure is not considered the cis-
1,2-DCE source in groundwater. Cis-1,2-DCE is not a component of solvents that was commonly used by the
military. Instead, this cis-1,2-DCE is probably an indicator of chlorinated solvent biodegradation. This
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plume covers approximately the same area as the combined plumes for TCE and PCE, which supports the
conclusion that cis-1,2-DCE is a breakdown product of TCE. Like TCE, the northern extent of the cis-1,2-
DCE has reached well 41755-WLO08 (Figure 5-14), and cis-1,2-DCE concentrations at this well have risen
slowly over time. Only trace concentrations of cis-1,2-DCE were detected in downgradient well 41755-
WL16. As aresult, the lateral extent of this cis-1,2-DCE in groundwater is inferred to be located between the
base of the slope and downgradient wells 41755-WLO08. Also, no cis-1,2-DCE was detected in the
groundwater samples from well points WP-7 through WP-12, even though well point WP11 is located less
than 15 feet north of well 41755-WL08. One possible reason for the absence of cis-1,2-DCE in well point
WP-11 could be that the contaminants have degraded due to the aerobic conditions of the groundwater in this
area.

Based on the hydrogeologic assumptions used above for plumes with similar shapes and extent, along
with the measured cis-1,2-DCE plume dimensions (400 feet long by 300 feet wide) from Figure 5-14, the
volume of groundwater potentially impacted with cis-1,2-DCE would be between 390,000 to 900,000 cubic
feet, or approximately 2.9 to 6.7 million gallons.

5.5.2.4 Vinyl Chloride

Vinyl chloride (VC) was detected in 13 of the 71 analyzed groundwater samples at concentrations
ranging from 0.39 to 15 pg/L. The average VC detection in groundwater was approximately 4 pg/L. The
highest VC concentration was measured in the August 2002 groundwater sample from well point WP-3. VC
was detected in 13 groundwater samples at concentrations greater than the screening criteria of 2 pg/L (Table
5-7). The estimated distribution of VC is provided on Figure 5-14.

The VC plume covers a small area centered at well 41755-WLO0S5 and extends north towards the base
of the slope near well 41755-WLO07. Further into the wetland, VC is suspected to breakdown due to the more
aerobic condition of the groundwater. VC is a common breakdown product of PCE, TCE, and the three DCE
isomers which includes cis-1,2-DCE.

Based on the hydrogeologic assumptions used above for plumes with similar shapes and extent, along
with the measured VC plume dimensions (250 feet long by 150 feet wide) from Figure 5-14, the volume of
groundwater potentially impacted with vinyl chloride is estimated to be between 121,875 to 281,250 cubic
feet, or approximately 0.9 to 2.1 million gallons.

5.5.3 SVOCs in Groundwater
Twenty-five groundwater samples were analyzed for SVOCs. None of the 25 samples contained
SVOCs at concentrations greater than the screening criteria.

5.5.4 Pesticides and Aroclors in Groundwater

Endosulfan sulfate was detected in one of 18 analyzed groundwater samples at a concentration of
0.001 pg/L. Lindane was detected in 3 of the 18 analyzed groundwater samples at concentrations ranging
from 0.0052 to 0.13 pg/L (Table 5-7). No detected concentrations of lindane exceeded the federal MCL of
0.2 pg/L. There are no federal or ADEC regulatory criteria for endosulfan sulfate. No other pesticides were
detected in groundwater samples at concentrations greater than reporting limits.

None of the 18 analyzed groundwater samples contained Aroclors at concentrations greater than the
reporting limits (Table 5-7).

5.5.5 Metals in Groundwater
The maximum metals concentrations are compared to 1993 USGS summary statistic background data
and are listed in Table 5-10.

A total of 19 groundwater samples and 2 field duplicate groundwater samples were collected from all
existing monitoring wells at Site DP98 during the 2001 EE/CA and analyzed for eight RCRA metals (arsenic,
barium, cadmium, chromium, lead, mercury, selenium, and silver). Of the samples analyzed in 2001,
cadmium (4 samples), and selenium (1 sample) exceeded the maximum background concentrations compiled
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by the USGS. Metals that did not exceed background levels (e.g., arsenic, chromium, lead, and silver) are
believed to represent background concentrations and are excluded from further consideration.

Table 5-10

Comparison of 2001 EE/CA Analytical Data and 1993 USGS Summary Statistics for
Background Metals in Groundwater

Background Summary Statistics” 2001 EE/CA Sample Results
No. of Samples
L. No Samples Exceeding
Prellmmaary Maximum Exceeding Background
ARARs Groundwater Max. and Preliminary
Metal (mg/L) Hits® Min. Max. Mean Result Background* ARARs

Arsenic 0.05 28/28 0.001 0.130 0.029 0.0601 0 0
Barium 2.0 NA NA NA NA 0.517 21 0
Cadmium 0.005 2/28 ND 0.001 NC 0.0027 4 0
Chromium 0.1 27/28 ND 0.350 0.043 0.097 0 0
Lead 0.015 13/28 ND 0.300 0.028 0.0111 0 0
Mercury 0.002 14/21 ND 0.001 0.000 0.0002 2 0
Selenium 0.05 0/10 ND ND NC 0.001 1 0
Silver 0.18 1/10 ND 0.001 NC 0.001 0 0

* Preliminary ARAR values taken from 18 AAC 75, Table C (ADEC, 2002) as discussed in Section 9.
1993 USGS background groundwater data summarized in the 1994 OU6 RI/FS (USAF, 1996b).
“Numbers of results above detection limits/entire data set compiled by the USGS.

ADEC — Alaska Department of Environmental Conservation

EE/CA — Engineering Evaluation/Cost Analysis

mg/L — Milligram per liter

NA — Not applicable

NC — Not calculated

ND — Not detected

USGS — United States Geological Survey

Barium was detected in all 21 samples collected during the 2001 EE/CA; however, this metal was not
included in the 1993 USGS data set. Therefore, a comparison with the 2001 EE/CA concentrations could not
be completed. Barium results did not exceed screening criteria.

Analytical results from four samples exceeded the maximum background level for cadmium;
however, three of the four samples were measured at concentrations (0.0012 to 0.0014 mg/L) considered
within normal variances. The remaining cadmium concentration was 0.0027, which is approximately twice
the maximum background level but is not considered statistically significant. Mercury was detected in only
three samples and selenium was detected in only one sample in the 2001 EE/CA field investigation, each at
concentrations below screening criteria. These metals are not included for further evaluation.

5.6 Sediment Results Exceeding Regulatory Criteria

This subsection provides a comparison of the sediment analytical results to screening criteria from
proposed ARARs in Table 5-1 to estimate the extent of contamination above regulatory criteria. Sediment
analytical results exceeding the screening criteria are summarized in Table 5-11 and provided on Figures 5-15
through 5-17.

Analytical results from five sediment samples (DP98-SD02, DP98-SD03, DP98-SD05, DP98-SD06,
and DP98-SD08) and two field duplicate sediment samples (DP98-SD02 and DP98-SD05) exceeded the
screening criteria for DRO (250 mg/kg). Another sediment sample, DP98-SD10, contained DRO
concentrations at the screening criteria.
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Figure 5-12. Concentration Contours for PCE and TCE in Groundwater (Without Well Point Data)
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Figure 5-13. Interpolated Distribution of TCE in Groundwater Greater Than 5 pg/L
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Figure 5-14. DCE and Vinyl Chloride Concentration Contours in Groundwater
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Two VOCs (cis-1,2-DCE and TCE) were detected above the screening criteria (0.2 mg/kg and 0.027
mg/kg, respectively) in one sample each; cis-1,2- DCE (0.26 mg/kg) was detected in sediment sample DP98-
SDO05; and TCE was detected in sediment sample DP98-SD10 (0.037 mg/kg). Results for these two samples
are only estimates because concentrations were at or (in the case of TCE result) below the method detection
limits.

The extent of DRO contamination in the sediment provides an indication of potential impact to the
wetland. A review of all sediment results revealed DRO and RRO in the sediment north of Building 18224.
The source of these fuel compounds is probably groundwater discharging near the base of the slope. Based
on the unconfined potentiometric surface shown in Figure 4-10 and groundwater screening data from well
points installed in 2002, contaminated groundwater intercepts the ground surface near the sediment locations
discussed above. Sediment samples DP98-SD02, DP98-SD05, and DP98-SD06 may also receive a more
concentrated flow than the other sediment locations because it is located below an eroded drainage that
parallels the access road.

Sediment results were also compared to the upper effects threshold values for freshwater sediment in
the NOAA Screening Quick Reference Tables (NOAAmM1999). Arsenic is the only analyte detected above
the upper effects threshold. Sediment samples exceeded the arsenic upper effects threshold of 17 mg/kg at
two locations: DP98-SD02 and DP98-SD05 with concentrations of 80.7 mg/kg and 20.9 mg/kg, respectively.

5.7 Surface Water Analytical Results

A total of 11 surface water samples were collected at Site DP98 during the SERA Phase VI (1997),
2001 EE/CA, and 2002 field investigations. With the exception of the one sample collected during the SERA
Phase VI investigation, all surface water samples were collected in the wetland near the base of the slope
north of the Facility. The surface water samples were collected at sediment sample locations as shown in
Figure 3-1. A surface water sample was collected during the SERA Phase VI investigation in 1997 within
drainage just east of the access road to the former wastewater treatment pond (see Figure 3-1).

Surface water analytical data exceeding detection limits is included in Table 5-12. Surface water
samples are identified with a “SW” modifier in the sample designation, and are shown in Figure 3-1. A
complete set of surface water analytical data is contained in Appendix D.

Table 5-11

Summary of Sediment Analytical Results Exceeding Screening Criteria

Regulator .
Analyte C%’iteriaay Investigation | Sample Location lzl:lg)g] Co?;f;/tl:g)t ton
(mg/kg)

EE/CA (2001) DP98-SD02 05-1 2,641.5M

0.5-1(FD) 3,021.6 M

DP98-SD03 05-1 306.7M
Diesel range organics 250 RUFS (2002) 05-1 2,400
0.5-1(FD) 12,000
DP98-SD06 05-1 3,500
DP98-SD08 05-1 1,300

DP98-SD10 0.5-1 250

cis-1,2-Dichloroethene 0.2 RI/FS (2002) | DP98-SD05 0.26]
Trichloroethene 0.027 RI/FS (2002) | DP98-SD10 05-1 0.037)

All samples were analyzed for AK101, AK102, AK103, SW8260B, and SW8270C.
* Data for this column were taken from the most conservative soil cleanup standards between the ingestion, inhalation, and migration to groundwater

pathways for sites with under 40 inches of annual precipitation presented in the ADEC 18 AAC 75, Method Two, Soil Cleanup Levels, Tables B.1 and

B.2 (ADEC, 2003).

F — Analyte was positively identified, but the result is below the method-reporting limit.

M — A matrix effect was present.

EE/CA — Engineering Evaluation/Cost Analysis

mg/kg — Milligram per kilogram

bgs — Below ground surface

FD - Field duplicate

J — Associated value is an estimate

RI/FS — Remedial Investigation/Feasibility Study
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DRO exceeded the 1.5 mg/L screening criteria in one surface water sample from location DP98-
SWO06 taken at the edge of the wetland near the drainage east of the dirt access road to the former wastewater
treatment pond. The other locations with DRO concentrations above 1 mg/L [DP98-SWO02 (1.079 mg/L) and
DP98-SWO05 (1.0 mg/L)] were located approximately 50 feet south of surface water location DP98-SW06.
However, the result for sample DP98-SD02 was flagged with a “J,” indicating that the result is considered an
estimate. Another surface water location (SWS-01) located within 10 feet of DP98-SW02 contained DRO
(0.98 mg/L) at concentrations just below screening criteria. DRO concentrations in surface water are shown
on Figure 5-18.

None of the surface water samples contained GRO at a concentration above the screening criteria of
1.3 mg/L.

RRO levels exceeded the 1.1-mg/L screening criteria in two surface water locations (DP98-SW02 and
SWS-01). The highest RRO concentration in surface water (3.262 mg/L) was detected at surface water
location DP98-SW02. RRO concentrations are shown in Figure 5-18. These locations also contained DRO
concentrations above screening criteria.

TCE was the only VOC detected above the screening criteria of 5 ug/L. TCE was detected at
8.9 ng/L in the surface water sample from DP98-SW10 (Figure 5-19). The remaining 9 surface water
samples did not contain TCE above 1 pg/L.

A summary of surface water analytical results exceeding regulatory criteria is provided as Table 5-13.

Analytical data for the 13 surface water samples collected in 1996, 2000, and 2002 were used to
calculate TAH. TAH values were calculated by combining the results for benzene, ethylbenzene, and toluene.
For these 13 samples, TAH concentrations ranged from below detection limits to 0.9 pg/L. These values are
below the regulatory criteria of 10 pg/L discussed in Table 5.1.4.

Analytical data for the 12 surface water samples collected in 2000 and 2002 were used to calculate
TAgH. TAgH values were calculated by combining PAH results with TAH values calculated as described in
the preceding paragraph. The surface water sample collected in 1999 (SWS-01) was not analyzed for PAHs;
therefore, TAqH could not be calculated for this sample. TAqH values ranged from below detection limits to
0.1 pg/L to 1.78 ng/L. These results are below the screening criteria of 15 pg/L, as discussed in Table
5.1.2.4. It should be noted that the maximum TAqH result (1.78 ug/L) was measured in the field duplicate for
surface water sample DP98-SW02; however, a much lower result (0.33 pg/L) was calculated for the primary
surface water sample DP98-SWO02 associated with this field duplicate sample. Other than this maximum
result, all TAqH values were calculated below 0.36 ug/L.

Several water-quality parameters (dissolved oxygen, pH, turbidity, and TDS) were measured during
the collection of the surface water samples in 2000 and 2002, and these field measurements were compared to
the surface water quality parameters presented in Table 5.1.2.4. None of the measurements taken for these
surface water samples exceeded the preliminary screening criteria for these parameters. For all surface water
samples collected in 2000 and 2002, dissolved oxygen levels ranged from 14 to 16 mg/L; pH values ranged
from 6.8 to 7.2; turbidity was less than 10 NTU; water temperature ranged from 6.6°C to 10.2°C; and TDS
ranged from 150 to 220 mg/L. No data were available for comparison of the surface water sample collected
in 1996. No sheen was noted on the surface water prior to collecting the surface water samples.

It should be noted that surface water samples collected at Site DP98 were not filtered, and in some
cases contained a large amount of organic matter because they were collected from organic-rich standing
water. This organic material could account for a portion of the organics measured since 1997. Furthermore,
the roadside drainage above sampling location DP98-SW02 only handles visible amounts of ephemeral runoff
following heavy rainfall episodes and was dry during most of the 2000 and 2002 field seasons.

The highest DRO and RRO results were measured in one 50-square-foot area at the base of the slope
near the outfall of drainage that trends northwest along a road. These results were measured in samples
collected from shallow ponded water coincident with sediment location with similar types of contamination.
As previously discussed, the fuel impacts observed at this location are probably due to seepage of
contaminated groundwater into a drainage rill near the base of the slope.
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Table 5-12
Summary of Surface Water Analytical Results
SERA VI
(1997) EE/CA (2001) RI/FS (2002)
DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98-

Analyte/Method SWS-01 SWo01 SW02 [SW02FD| SWo03 SWo4 SWO05 SWo06 SWo07 SW08 |SWO0S8FD| SW09 SW10
AK101, Gasoline Range Organics (mg/L)
Gasoline Range ND ND 0.016 F ND ND ND ND ND ND ND ND ND ND
Organics
AK102, Diesel Range Organics
(mg/L)
Diesel Range Organics 0.98 | 0.082 F 1.078J 0.34117J 0.1187J 0.066 F 1.00 1.70 0.20 0.55 0.58 0.072 F 0.067 F
(AK103, Residual Range Organics (mg/L)
Residual Range 1.4 0.195F 3.263] 0.5971] 0.5611] 0.484] 0.23 0.35 0.180 F 0.24 0.27 0.150 F 0.22
Organics
SW8260B, Volatile Organic Compounds (ug/L)
1,1-DCA NA ND 0.24 F 0.22 F ND ND ND ND ND ND ND ND ND
Acetone NA ND ND ND ND ND 35R 49R 3.3R ND ND 2.7R 3.4R
Bromomethane NA ND ND ND ND ND 023 F ND ND ND 0.25F ND 0.35F
Chloroform NA ND ND ND ND ND ND ND ND ND ND 0.1F 0.12F
Cis-1,2-DCE NA ND 7.3 7.1 ND ND 4.3 ND 34 0.87F 0.7F 14 1.1
TCE NA ND 03F 0.29F ND ND ND ND 0.17F ND ND ND 8.9
Toluene NA ND 09F 1.21 ND ND 0.14 F 0.13F 0.21F 0.1F 0.12F ND 0.12F
trans-1,2 DCE NA ND ND ND ND ND ND ND 046 F ND ND 036 F ND
SW8270C SIMS, Semivolatile Organic Compounds-Polynuclear Aromatic Hydrocarbons (pg/L)
Acenaphthene NA ND ND ND ND ND ND ND ND 0.0057 F ND ND ND
Acenaphthylene NA ND ND ND ND 0.18 F ND ND ND 0.0046 F ND ND ND
Anthracene NA ND 0.01 F ND ND ND 0.0084F [ 0.014F ND 0.011F | 0.0078F | 0.0016 F ND
Benzo (a) anthracene NA ND 0.008 F 0.022 F ND ND ND ND ND 0.0088 F ND 0.0021 F ND
Benzo (a) pyrene NA ND ND 0.029 F ND ND ND ND ND 0.006 F ND 0.003 F ND
Benzo (b) fluoranthene NA ND 0.01F 0.04 F ND ND ND ND ND 0.0079 F ND 0.0028 F ND
Benzo (g,h,i) perylene NA ND 0.015F 0.041 F ND ND ND ND ND 0.0076 F ND 0.014 F ND
Benzo (k) fluoranthene NA ND ND 0.019F ND ND ND ND ND 0.0058 F ND 0.002 F ND
Chrysene NA ND 0.02 F 0.04 F ND ND ND ND ND 0.0073 F ND 0.002 F ND
Dibenzo (a,h) NA ND 0.02F ND ND ND ND ND ND 0.0051 F ND 0.013 F ND
anthracene
Fluoranthene NA ND 0.03 F 0.11F ND ND ND ND ND 0.0093 F ND 0.003 F ND
Fluorene NA ND 0.02 F ND ND ND 0.0058 F ND ND 0.008 F ND ND ND
Indeno (1,2,3-c,d) NA ND 0.05F 0.118F ND ND ND ND ND 0.007 F ND 0.014F ND
pyrene
Naphthalene NA ND ND ND ND ND 0.0034F | 0.0041F [ 0.0055F | 0.0047F | 0.0048F | 0.0056F [ 0.005F
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Table 5-12 (Continued)

Analyte/Method SERA VI
(1997) EE/CA (2001) RI/FS (2002)
DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98- DP98-

SWS-01 SWo1 SWo02 |SW02FD| SWO03 SWo4 SWo05 SW06 SWo07 SW08 |SWO08FD| SW09 SW10
Phenanthrene NA ND 0.02 F 0.07 F 0.01 F ND ND 0.0074 F ND 0.0069 F ND ND ND
Pyrene NA ND 0.02F 0.08 F 0.0l F ND 0.0044 F ND ND 0.0087 F ND 0.0025 F ND
SW6010B, SW6020, SW7060A, Metals (mg/L)
Barium NA 0.0159 0.109 0.0525 0.0353 0.0404 0.0262B | 0.0425B 0.0541 0.0223B | 0.0217B | 0.0385B | 0.039B
Cadmium NA ND 0.0015 F ND ND ND ND ND ND ND ND ND ND
Chromium NA ND 0.0168 0.0037 F ND ND ND ND 0.003 B ND ND ND ND
Lead NA ND 0.0477 0.0219 | 0.0014 F ND 0.0008 B | 0.00054 B | 0.00091 B | 0.00027 B | 0.00023 B | 0.00046 B | 0.00142 B
Silver NA ND 0.0158 0.0064 F ND ND ND ND ND 0.0045 B ND 0.0046 B | 0.0042 B
Arsenic NA ND 0.0146 0.0118 0.0018 F [ 0.00068 F ND 0.0088 B | 0.00128 B | 0.00063 B [ 0.0006 B | 0.00057 B | 0.00068 B
Selenium NA ND 0.0012 M ND ND ND 0.0004 B | 0.0007 B [ 0.0004 B | 0.0007 B | 0.0006 B | 0.0007 B | 0.0003 B
Mercury NA ND 0.00053 F | 0.00022 F ND ND ND ND ND ND ND ND ND

B — This analyte was also detected in the associated equipment blank.
EE/CA — Engineering Evaluation/Cost Analysis

F — The analyte was positively identified, but the result is below the method reporting limit.
FD - Field duplicate

J — The analyte was positively identified; the quantitation is an estimation.
M — A matrix effect was present.

mg/L — Milligram per Liter

NA — Not analyzed

ND — Analyte was not detected at or above the method detection limit.

R — Rejected

RI/FS — Remedial Investigation/Feasibility Study

SERA - State-Elmendorf Environmental Restoration Agreement




Table 5-13

Summary of Surface Water Analytical Results Exceeding Screening Criteria

Regulatory Sample Concentration
Analyte Criteria® Investigation Location (mg/L)
g;;i‘ﬂiiange 1.5 mg/L RI/FS (2002) .
Residgal Range 1.1 mg/L SERA VI (1997) SWS-01 1.4
Organics EE/CA (2000) DP98-SD02 3.2631]
Trichloroethene 5 ng/L RI/ES (2002) DP98-SW10 8.9

All samples were analyzed for AK101, AK102, AK103, SW8260B, SW8270C, and metals.

* Data for this column were taken from the groundwater cleanup standards presented in ADEC 18 AAC 75, Method Two, Groundwater Cleanup Levels,
Table C (ADEC, 2002) as discussed in Table 5.1.2.2.

EE/CA — Engineering Evaluation/Cost Analysis

J — Analyte was positively identified, the quantitation is an estimation.

mg/L — Milligram per liter

RI/FS — Remedial Investigation/Feasibility Study

SERA - State-Elmendorf Environmental Restoration Agreement
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Figure 5-15. Sediment Analytical Data for Fuel Compounds
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Figure 5-16. Sediment Analytical Data for VOCs
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Figure 5-17. Sediment Analytical Data for SVOCs
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Figure 5-18. Surface Water Analytical Data for Fuel Compounds
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Figure 5-19. Surface Water Analytical Data for Select VOCs
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Section 6.0
CONTAMINANT FATE AND TRANSPORT

This section discusses contaminant migration in environmental media at Site DP98. Two
methods were used to evaluate the rate and transport mechanisms of chlorinated solvent contaminants and
fuel contaminants. BIOCHLOR was the chosen groundwater model to estimate migration time and
concentrations for solvent contaminants. To estimate the rate to which contaminants will migrate from
the source area near the Facility at Site DP98, to the wetland area, max flux calculations were used. The
properties of the chemicals detected beneath the site are reviewed, and the interactions of these chemicals
within groundwater are summarized in Appendix G.

6.1 Potential Routes of Migration

Prior to the commencement of modeling, potential routes of migration of contaminants were
identified. A physical model describing the distribution of contaminants is included in Section 5
(Figure 5-1). The contaminants present at Site DP98 are the result from a combination of operational
activities at the former boiler plant and vehicle maintenance building (Building 18224), and
refueling/leaking of former USTs originating around Building 18224.

Results from sampling events between 1995 and 2002 of both soil and groundwater have
indicated that contaminants associated with the past activities at Site DP98 exist at levels above
preliminary ARARS (see screening discussion Section 5.2). As indicated by previous sampling results,
potential routes of migration for solvent and fuel compounds are being transported principally through
groundwater migration.

6.2 Site-Specific Fate and Transport

TCE was selected as the target analyte for estimating transport of solvents in groundwater. An
evaluation of the fate and transport of TCE and its associated degradation compounds was then performed
for Site DP98. The following section provides an overview of the modeling program selected, the goals
and expectations of the modeling, a discussion on the technical approach taken, the modeling results, and
any uncertainties associated with the modeling program.

6.2.1 Transport Modeling — BIOCHLOR

BIOCHLOR is a screening model that simulates remediation by natural attenuation of dissolved
solvents at chlorinated solvent release sites. BIOCHLOR can be used to simulate solute transport without
decay and with biodegradation modeled as a sequential first-order process within one or two different
zones. The software, programmed in the Microsoft Excel spreadsheet environment and based on the
Domenico analytical solute transport model, has the ability to simulate one-dimensional advection, three-
dimensional dispersion, linear adsorption, and biotransformation via reductive dechlorination (the
dominant biotransformation process at most chlorinated solvent sites).

6.2.1.1 Modeling Goals
Fate and transport modeling for the TCE and degradation compounds observed in groundwater
was performed at Site DP98. The goals of this modeling effort were as follows:

e Estimate the distance that the TCE plume in groundwater would travel downgradient of the
presumed source area.

e Estimate if degradation of the TCE plume in groundwater would be achieved below applicable
regulatory levels before reaching the wetlands.

e Validate assumptions made in the 2001 EE/CA regarding natural attenuation in groundwater.
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6.2.1.2 Site Model for Modeling

BIOCHLOR was selected as the modeling tool to evaluate the reactive transport of both “parent”
and “daughter” chlorinated solvents at Site DP98. The model accounts for dispersion, adsorption,
advection, and sequential biotransformation. The reductive dechlorination of the parent solvent (PCE) to
daughter product is assumed to be a first-order process. The model assumes that biotransformation starts
immediately downgradient of the source and that no biotransformation of dissolved constituents in the
source area occur.

As with any computer-based modeling program, BIOCHLOR has a number of known limitations.
As an analytical model, BIOCHLOR assumes a simple groundwater flow condition. Because of this
assumption, hydraulic gradient and conductivity values need to be calculated as a site average. The
model should not be applied where pumping systems create a complicated field flow. Additionally,
applying BIOCHLOR where vertical flow gradient affects contaminant transport is not recommended.

BIOCHLOR also assumes uniform hydrogeologic and environmental conditions over the entire
model area. BIOCHLOR simplifies site conditions (hydrogeological and biological values) and assumes
constant source for the entire model area. It should be noted that complex hydrogeological conditions are
present at Site DP9S resulting in greater uncertainty in modeling results.

Finally, BIOCHLOR was designed for the simulation of sequential reductive dechlorination of
chlorinated ethanes and ethenes.

6.2.1.3 Technical Approach

The BIOCHLOR software solves a set of coupled partial differential equations to describe the
reactive transport of chlorinated solvent compound, such as TCE, DCE, VC, and ethane/ethane (ETH), in
saturated groundwater systems. The equations describe one-dimensional advection, three-dimensional
dispersion, linear sorption, and sequential, first-order biotransformation. All equations, except the first,
are coupled to a parent compound equation through the reaction term as shown below:

R; @1:Dxa_zcl+Dya_201+Dz5_2C1—Vs@1—k1C1 (D
ot ox* dy* oz ox

R, 0¢; =D, &°c, + Dy &%, + D, 8¢, — v, ey + yikic; — kaca 2)
ot ox* dy* oz’ ox

R; dc; = D, &%cs + Dy &’c; + D, 8¢y — v, dcs — ya2kocr — kses 3)
ot ox’ oy* o7’ ox

Ry Oy = Dy &%cs + Dy &’cy + D, 8cy — v, Beg — yikses — kacy “4)
ot ox* dy* oz ox

Rs dcs = D, &%cs + Dy d’cs+ D, 8%cs — v, des — yakacs— kscs Q)
ot ox* oy* oz’ ox

Where ¢;, ¢, ¢3, ¢4, and c¢;s are concentrations of TCE, DCE, VC, and ETH, respectively, (mg/L);
D,, D,, and D, are the hydrodynamic dispersion coefficients (f*/yr); v, is the seepage velocity (ft/yr) k is
the first-order degradation coefficient (1/yr); y is the yield coefficient (a dimensionless value; for
example, y; would represent the mg of TCE produced per unit mg of PCE destroyed); and R;, R, R;, R,
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and R; are respective retardation factors. BIOCHLOR takes the retardation factor values of different
compounds and averages them to compute an effective retardation factor, R, which is in turn used to
compute the effective transport velocity and dispersion coefficients. Also, biotransformation is assumed
to occur in the aqueous phase (which is a conservative assumption), and hence all the degradation
reaction terms are divided by R.

6.2.1.4 Computer Model

BIOCHLOR was used to reproduce the movement of the PCE and daughter compounds at Site
DP98. Table 6-1 presents the required input necessary for the BIOCHLOR program to model a given site
along with the values relating to site conditions. Results from the modeling are provided in Section
6.2.1.7.

The hydraulic conductivity (K) and hydraulic gradient (I) were taken from the average mean
presented within the 2001 EE/CA report. Effective porosity (n) represents a dimensionless ratio of the
volume of interconnected voids to the bulk volume of aquifer matrix. For Site DP98, both the ASTM
RBCA Standard for unconsolidated deposits and AFCEE field data from Site 45/57 were utilized to arrive
at an effective porosity of 0.38. Using this information, a seepage velocity (Vs) was calculated at 53.6
ft/yr.

Dispersion refers to the process whereby a dissolved solvent will be spatially distributed
longitudinally (along the direction of groundwater flow), transversely (perpendicular to groundwater
flow), and vertically (downward) because of mechanical mixing and chemical diffusion in the aquifer.
Longitudinal dispersion (Alpha x) was calculated using a modification of the Xu and Echstein approach
as follows:

Alpha x = 0.82 x 3.28 x (Log(Lp / 3.28))** (Xu and Echstein, 1995)
where Lp= estimated plume length (ft) between WL02 and WL09

The transverse dispersion (Alpha y) rate was calculated by using the following equation:
Alpha y =0.33 Alpha x (ASTM, 1995)

Downward (vertical) dispersion (Alpha z) was established at 0, assuming that the vertical depth
from the source (i.e., the tiled drainpipe) was approximately at the same depth as the groundwater.

Adsorption to the soil matrix can reduce the concentration of dissolved contaminants moving
through the groundwater. The retardation factor is the ratio of the groundwater seepage velocity to the
rate that organic chemicals migrate in the groundwater. The retardation value is calculated by the
following expression:

R=1+ (K4Pp)/n
where Kg= K. x fo.
P, = bulk density
n = effective porosity
K, = distribution coefficient

f,c = fraction organic carbon on uncontaminated soil
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A calculated R value of 1.74 was generated for Site DP98. A retardation value of 1.74 indicates
that if the groundwater seepage velocity is 100 ft/yr, then the organic chemicals migrate at approximately
57 ft/yr. The degree of retardation depends on both aquifer and constituent properties.

Table 6-1
BIOCHLOR Modeling Input Parameters

Data Type Parameter Value Source of Data
Advection Seepage Velocity (Vs) 53.6 ft/yr Calculated
Hydraulic Conductivity (K) 3.6 x 10 cm/sec 2001 EE/CA
Hydraulic Gradient (I) 0.055 ft/ft 2001 EE/CA
Effective Porosity (n) 0.38 (-) Average for glacial silt/sediment
(Fetter, 1988)
Dispersion Longitudinal Dispersivity 14.22 ft Approximate plume length for 2001
(Alpha x) EE/CA
Transverse Dispersivity 4.6926 (-) Intermediate value from Fetter 1988,
(Alpha y) ASTM 1995
Vertical Dispersivity
(Alpha z) 1.0x10* ASTM 1995
Adsorption Soil Bulk Density, rho 1.625 kg/L Estimated
Fraction Organic Carbon (f,.) 2.0x10° 2001 EE/CA
Partition Coefficient:
PCE 209 (kg/L) 2001 EE/CA
TCE 87 (kg/L) 2001 EE/CA
DCE 49 (kg/L) 2001 EE/CA
VC 3 (kg/L) 2001 EE/CA
ETH 150 (kg/L) 2001 EE/CA
Common R (used in model) 1.74 Estimated
Biotransformation |Zone 1-1st Order Decay Coef. half-life Based on calibration to field data
PCE --> TCE 0.64 year using a simulation time of 5 yrs
TCE - DCE 0.48 year (field datall col.lected in 1999).
DCE - VC 1.74 years Started.w1th literature values and
then adjusted model to fit field data.
VC -->ETH 1.36 years
General Estimated Time 5 years Based on extent of existing field
data (1997-2002).
Model Area Width 300 feet Distance from WL02 to wetland as
Model Area Length 305 feet estimated in the 2001 EE/CA.
Source Data Source Thickness 25 feet Based on geologic logs and
monitoring data
Source Width 200 feet Based on field data — EE/CA.
Source Concentration (mg/L) PCE=7.0mg/L  |Based on calibration to ficld data

TCE = 4.8 mg/L and back-calculations of degradation
timeframe. Started with analytical

DCE=5.0 L .
CE=5.0mg/ values and then adjusted model to fit
ETH =0 mg/L
cm/sec -Centimeters per second kg/L - Kilogram per liter
DCE - Dichloroethene mg/L - Milligram per liter
ETH - Ethane/ethene PCE - Tetrachloroethene
ft/ft - Feet per foot TCE - Trichloroethene
ft/yr - Feet per year VC - Vinyl chloride
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In choosing a single planar option, the maximum source area concentration is normally entered in
the dialog box. Using a single planar source yields accurate centerline concentrations profiles, but
concentrations off the centerline tend to be overestimated. However, given the limited amount of
available data, a single planar selection was selected.

6.2.1.5 Sensitivity Analysis

Sensitivity analyses are recommended when literature values are used and if there is uncertainty
in an input parameter. To illustrate the response of the BIOCHLOR model to changes in the input
parameters, a sensitivity analysis was conducted for the first order decay coefficients and also for the
common retardation factor.

In the first sensitivity analysis example, the case study (baseline) problem was run with the same
input parameters, except that the first order decay coefficients was multiplied by two. Similarly, another
simulation was conducted whereby the rate coefficient was 0.1 times those used in the baseline example;
in this instance, the simulated concentration of PCE and its daughter products increased substantially
when the rate coefficient is decreased by a factor of 10. The centerline concentrations of TCE, DCE, and
VC downgradient from the source are presented in Table 6-2 for each simulation. Doubling the rate
coefficient decreases the chlorinated solvent concentrations at the downgradient location.

In contrast, changes in the retardation factor have nominal effects on the dissolved chlorinated
solvents concentrations, as shown in Table 6-3. In this sample case, when the retardation factor is
decreased from the baseline value of 1.74 to 1.0, chlorinated solvent concentrations increased
significantly. However, with an increase in the retardation factor, the chlorinated solvent concentrations
downgradient decrease by a small amount. These small variations in the concentrations are due to the
changes in the retardation factor, which may be attributed to the plume not being at steady state.

The results of the sensitivity analysis show that the BIOCHLOR model is sensitive to changes in
the first-order decay rate and in the retardation factor.

6.2.1.6 Model Calibration

Model calibration is an iterative procedure that involves varying model parameters within the
general range of reasonable values until the plume concentrations estimated by the model approximate the
measured field concentrations. TCE was selected for model calibration because it has the highest
concentration in groundwater and historical data are available.

The calibrated transport model assumes that TCE enters the groundwater in the year 1999 and the
source concentration begins first-order decay. The rationale of selecting 1999 as the beginning year of
the source concentration is based on the limited field analysis for Site DP98. Using this assumption
overestimates the mobility of PCE and its daughter products in the groundwater. The source
contaminants may have entered the aquifer decades earlier when operations began at DP98 in the 1950s.
The documented TCE concentration contours in groundwater show the estimated extent of the plume
north of the Facility.

6.2.1.7 Modeling Results

The groundwater fate and transport model was used to evaluate the movement of the TCE and
daughter compounds in the unconfined aquifer. The goal of this analysis was to estimate the extent of
plume migration downgradient, whether natural attenuation of TCE is occurring, and if degradation can
achieve concentrations below applicable regulatory levels before reaching the wetlands. Output produced
by the BIOCHLOR model is provided in Appendix G.

Because a considerable amount of uncertainty is associated with estimating future concentration
levels, the groundwater fate and transport model is based on assumptions that result in conservative

19 June 2003 6-5 Final RI/FS Report
Site DP98 Elmendorf AFB, Alaska



estimates. Future concentrations of contaminants have been estimated in groundwater based on the
assumption of no groundwater cleanup.

Some of the assumptions used for the model may not directly apply to the site. The model
assumes a simple groundwater flow regime, whereas in reality, it is more complex. The model assumes a
decaying source and does not account for a continuing source from the NAPL (emulsion) that is present.
The accuracy of model results should be considered in light of the assumptions.

Table 6-2
Sensitivity Analysis Results — Rate Coefficients
Constituent Concentration (mg/L)
2 Times Baseline Baseline 0.1 Times Baseline
Tetrachloroethene 0.00 0.002 0.030
Trichloroethene 0.00 0.004 0.025
Dichloroethene 0.013 0.031 0.033
Vinyl chloride 0.010 0.013 0.002

mg/L - Milligram per liter
Baseline: pcg--tce = 1.091 yrﬁl, 1cE->pcE= 1.459 yr’l, pce = ve=0.398 yrrl, vesem = 0.510 yr’1

Table 6-3

Sensitivity Analysis Results — Retardation Factor

Constituent Concentration (mg/L)
R=1 R=1.74 (Baseline) R=3.48
Tetrachloroethene 0.665 0.002 0.000
Trichloroethene 0.610 0.004 0.000
Dichloroethene 0.900 0.031 0.000
Vinyl chloride 0.079 0.013 0.000

mg/L - Milligram per liter
R — Retardation factor

The model results indicate that a TCE groundwater concentration of 0.005 mg/L will reach the
wetlands in approximately 5 years (after 1999), assuming biodegradation. If the actual degradation rates
were higher than input into the model, the downgradient extent of the plume would be less than modeled.
This could also explain why the actual PCE plume is significantly less than the TCE plume. Additionally,
TCE could have been transported overland with the DRO emulsion, resulting in a larger plume relative to
the PCE plume. TCE and DRO are present at the base of the slope and edge of the wetland, which
confirms the results of the groundwater model.

The cis-1,2-DCE retardation factor is lower than the TCE retardation factor, and as a result,
cis-1,2-DCE migrates through the groundwater faster than TCE.

The lateral extent of the shallow groundwater zone beyond Site DP98 and the extent of
contamination beyond the site are unknown. Because groundwater emerges at ground surface less than
300 feet downgradient of the assumed source area, complete degradation of TCE and daughter
compounds is not occurring. Volume calculations and percent change were not calculated because the
groundwater emerges at ground surface (i.e., the model is being run within too small of an area to address
complete degradation; however, the size cannot be increased because groundwater emerges at the
wetlands).
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In summary, the model results show that the plume is migrating downgradient at the site, and
natural degradation is occurring. The model predicts that complete breakdown is not possible based on
the limited area of migration that is upgradient of groundwater flow into the wetland. However, the
model overstates the mobility of PCE and its daughter products. There is ample evidence of naturally
occurring degradation as indicated by the presence of cis-1,2-DCE and VC.

6.2.1.8 Uncertainty Analysis

When a complex chemical and physical system is simplified and modeled, there is uncertainty in
the results. Although uncertainty is present in this analysis, the intent was to estimate conservative and
reasonable results. The uncertainties resulting from the simplifying assumptions used in the analysis are
discussed in the following paragraphs.

The complex geology in the study area is one of the largest sources of uncertainty at this site.
This uncertainty affects the estimated groundwater velocities, flow direction, and plume concentration.

Since the hydraulic conductivities and hydraulic gradient are consistent with laboratory results
and field observations at Site DP98, the estimated regional groundwater velocities and travel time of the
plume are judged to be reasonable. However, the extrapolation of these conditions beyond the area where
the groundwater flow region and water quality data have been collected is uncertain.

A reliable estimate of source strength over the last 50 years (1950s to 2000) requires data at
several locations and at several points in time. Because these data are unavailable, source strength was
based on PCE concentrations in the groundwater. It is not possible to know with what degree of precision
the model source strength reflects actual contamination loadings.

6.3 Max Flux Calculations

Due to the uncertainties of the BIOCHLOR model and to answer the question of how long it will
take for contaminants at the source (the Facility) to reach the wetland, a simple max flux calculation was
performed. This calculation includes several assumptions regarding volume of contaminants in soils and
groundwater and the current disposition of the source areas within the Facility. A brief summary of the
calculations is presented below, and calculations and equations are presented in Appendix G.

6.3.1 Contaminant Velocity and Flux

Flux of DRO and TCE mass from the Facility, which contains the primary source areas and is
higher in elevation, to the wetland located to the north at a lower ground elevation was estimated to assess
the time required for site restoration via natural processes. To start, the contaminant velocity was
estimated by calculating the Darcy velocity for groundwater and applying retardation factors for DRO and
TCE. The soil-to-groundwater partitioning coefficient for P-xylenes was used as a conservative surrogate
for DRO. The distances that TCE and DRO have migrated are approximately 350 and 650 feet,
respectively.

The retarded velocity and average DRO and TCE concentrations were used to calculate the flux
of dissolved DRO and TCE in groundwater through a 600-foot-wide by 10-foot-thick cross-section
representing the boundary between the elevated and lower wetland portions of the site. The velocity
calculations were made using the minimum, average, and maximum hydraulic conductivities estimated
for the unconfined aquifer at the site via slug testing (USAF, 2001).

The flux was calculated using the maximum estimated hydraulic conductivity resulting in a
conservatively high groundwater velocity and a conservatively low, or minimum, estimated restoration
time. These calculations are provided in Appendix G.
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6.3.2 Results

Unlike the mass flux calculations that estimate a time for a dissolved contaminant mass to
migrate through a section of the aquifer, the BIOCHLOR model results estimate concentrations
downgradient of the source over time. The calculations suggest that no less than 137 years, at a
minimum, would be required before all of the dissolved DRO in groundwater migrated from the Facility
area to the wetland area. It is estimated to take approximately 29 years, at a minimum, for all of the
dissolved TCE to migrate from the upper elevated area to the wetland area. It should be noted that these
estimates do not take into consideration continued contribution of TCE and DRO contamination from
soils above the groundwater saturation zone or TCE dissolved in DRO emulsion, which contain high
levels of these contaminants.

6.4 Groundwater Cleanup Timeframes

Groundwater cleanup timeframes, the predicted time it may take for chemicals in groundwater to
attenuate naturally to concentrations at or below screening criteria, were approximated using BIOCHLOR
for TCE and BIOSCREEN for DRO. Several assumptions were made in order to predict cleanup
timeframes. Assumptions are as follows:

e (Cleanup timeframes assume that no active treatment of contaminants in groundwater or soil
will take place, but are based on monitored natural attenuation.

e  Predicted TCE cleanup timeframe assumes that soil will not contribute further TCE to
groundwater and TCE in groundwater will continually decay.

e  Predicted DRO cleanup timeframes assume that soil will contribute a degrading amount of
DRO to groundwater and DRO in groundwater will continually decay.

e  Maximum TCE and DRO concentrations detected at Site DP98 were used to develop
cleanup timeframes.

o  Cleanup timeframes are based on first order rate constants. Depending on the value of the
first order rate constant used for biodegradation, the time required to meet screening criteria
ranges from 0.15 t0364 years.

e Published first order rate constants for TCE ranged from 0.06 yr' to 146.0 yr''. A value of
0.62 yr'' was used to calculate TCE cleanup timeframes for Site DP98.

e The first order rate constant for DRO (0.3 yr™') was calculated from an average of rate data
for xylenes, naphthalene, and phenanthrene.

Based on these assumptions, the TCE groundwater cleanup timeframe was calculated at 55 years
upgradient of the wetland and 35 years in the wetland. The DRO groundwater cleanup timeframe was
calculated at 50 years upgradient of the wetland and 75 years in the wetland.
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Section 7.0
HUMAN HEALTH RISK ASSESSMENT

This RI/FS has identified chlorinated solvents and petroleum compounds above preliminary
ARARs at Site DP98 from past spills, leaks, and work practices associated with vehicle maintenance and
the underground storage tanks (USTs). The human health risk assessment evaluates whether potential
health risks are present if people encounter these solvent- and petroleum-contaminated materials in their
environment. Appendix H contains the complete risk assessment report. The following is a summary of
the risk assessment process and its findings.

A risk assessment evaluates the likelihood of adverse effects occurring in human populations
potentially exposed to contaminants released in the environment. Risk assessments are not intended to
predict the actual risk for an individual. Rather, they provide upper bound and central tendency (CT)
estimates of risk with an adequate margin of safety, according to EPA, USAF, and ADEC guidelines, for
the protection of human receptors that may potentially come into contact with contaminants at the site.

According to EPA and ADEC guidance, human health risk assessments (HHRAs) are composed
of four basic steps:

1. The sampling data is initially screened to select the applicable data set for humans and, within
that data set, to select contaminants that could be a potential health concern.

2. Contaminant sources, pathways, receptors, exposure duration and frequency, and routes of
exposure are evaluated to quantitatively assess the amount of exposure to the contaminants of
potential concern (COPCs).

3. A toxicity assessment is performed, which summarizes the carcinogenic and noncarcinogenic
effects associated with the COPCs and provides toxicity values that are used to calculate the
dose-response relationship.

4. Risk characterization is performed that integrates the quantitative and qualitative results of
the data evaluation, exposure, and toxicity assessment sections.

7.1 Data Evaluation and Selection of COPCs

In the first step in this risk assessment, sampling data from soil, semi-confined aquifer
groundwater, upper aquifer groundwater, surface water, and sediment were reviewed to select the
appropriate data set for human health COPCs within the data set. The data were found to be of acceptable
quality and selected for evaluation in the risk assessment.

Typically, not all contaminants present at a site pose health risks or contribute significantly to
overall site risks. EPA guidelines (1989) recommend focusing on a group of “compounds of potential
concern” based on inherent toxicity, site concentration, and behavior of the contaminants in the
environment. To identify these COPCs, risk-based screening values are compared to site concentrations
of contaminants. If site concentrations of a contaminant exceed their respective screening concentrations,
then the contaminants are generally retained as COPCs for further evaluation in the risk assessment. In
this assessment, EPA Region 9 residential preliminary remediation goals (PRGs) were generally used as
risk-based screening values. Note, metals were not included in the screening process for the selection of
COPCs, because as discussed in Section 5.0, metals concentrations in soil and groundwater were
generally found to be within the range of background concentrations. Therefore, the presence of metals in
soil or groundwater is not likely to be related to historic activities at the Facility. Refer to Appendix H for
a more detailed discussion of the screening process. Table 7-1 summarizes the results of the screening
assessment for each medium.
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7.2 Exposure Assessment

The exposure assessment evaluates sources, pathways, receptors, exposure duration and
frequency, and routes of exposure to assess total human exposure to the substances of concern, or COPCs
at the site. The goal of this second step is to calculate the dose, or chemical intake per body weight per
day for each COPC, receptor, and exposure pathway combination. In order to calculate dose, first a
conceptual site model (CSM) must be developed that identifies exposure pathways and populations;
secondly, exposure assumptions must be selected; and lastly, the assumptions must be used in
combination with estimates of media concentrations at the exposure point in order to quantify each

chemical dose.

Summary of Contaminants of Potential Concern for Each Medium

Table 7-1

Semi-confined Upper Surface/ Wetlands Wetlands
Aquifer Aquifer Subsurface Surface Surface
Chemical Groundwater® | Groundwater Soil Material” Water
DRO NS X X X NS
GRO NS X NS NS NS
1,2,4-Trimethylbenzene NS X NS NS NS
1,3,5-Trimethylbenzene NS X NS NS NS
Benzene NS X NS NS NS
Benzo(a)pyrene NS NS NS NS X
Chloroform NS X NS X NS
Chloromethane NS X NS NS NS
Cis-1,2-Dichloroethene NS X NS NS X
Dibenzo(a,h)anthracene NS NS NS NS X
Ethylbenzene NS X NS NS NS
Indeno(1,2,3-cd)pyrene NS NS NS NS X
Lindane NS X NS NS NS
Methylene chloride NS X NS NS NS
[Naphthalene NS X NS NS NS
Tetrachloroethene NS X NS NS NS
Trans-1,2-Dichloroethene NS X NS NS NS
Trichloroethene NS X X X X
Vinyl chloride NS X NS NS NS
Xylenes (o-xylene and m,p- NS X NS NS NS
xylene)
* No chemicals were selected as COPCs in the semi-confined aquifer.
® Wetlands surface materials include surface soil and sediment in the wetland area.
COPC - Contaminant of potential concern
DRO - Diesel range organics
GRO - Gasoline range organics
NS - Chemical not selected as a COPC in this media.
X — Chemical selected as a COPC in this media.
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7.2.1 Conceptual Site Model (CSM)

A CSM describes the sources of contaminants at a site, their release and transfer through
environmental media (e.g., soil and air), and the points and means by which human populations might
contact the contaminants. The goal of the CSM is to provide an understanding of where the site-related
contaminants are present and where they may be present in the future, in order that the populations that
could encounter the contaminants can be identified. The populations and applicable exposure pathways
can then be selected for quantitative evaluation of health risks. Exposure pathways may be complete but
insignificant. Only complete and significant pathways of exposure will be quantitatively evaluated;
however, insignificant pathways will be discussed qualitatively. Figure 7-1 illustrates the CSM under
current and future land use conditions; Figure 7-2 graphically presents the CSM under current conditions;
and Figure 7-3 graphically depicts future land use conditions.

A key requirement when developing a CSM is a determination of land use. Land use at the site
currently consists of military and civilian workers engaged in running the secure listening post that is at
the Facility. While this use is likely to continue, it is possible that under a future scenario the site could
be developed for residential housing. Drinking water is currently obtained from Fort Richardson;
however, groundwater at the site was evaluated as a potential untreated drinking water source under the
current military land use and also under a hypothetical future residential scenario. Based on the CSM,
complete and significant exposure pathways were selected for quantitative evaluation for three
populations under the current land use: (1) civilian workers within the Facility, (2) military workers
within the Facility, (3) construction workers involved in active subsurface disturbance. Three populations
were selected for quantification under future land use conditions: (1) residents, (2) neighborhood children
(ages 6 to 12 years) as recreational users or trespassers, and (3) construction workers were also selected
for quantification under the future land use scenario. Note, construction worker exposure assumptions are
not expected to differ under current or future conditions. Therefore, the evaluation of construction worker
exposures under current conditions are also representative of exposures under future conditions.

It should be noted that a previous evaluation of Facility worker exposures to surface soil did not
find risks above target health goals. Thus, this pathway was not re-evaluated in this risk assessment. The
following pathways were evaluated for current exposure scenarios:

e Military personnel and civilian workers occupying Building 18224 exposed to volatile
contaminants in indoor air moving from groundwater through the subsurface into the building
(this building was over the most contaminated area of the groundwater plume; therefore, this
building was selected for quantitative evaluation because risks would be highest in this area);

e Military personnel and civilian workers at the Facility using impacted groundwater as a drinking
water source (groundwater in the unconfined aquifer is extremely unlikely to serve as a source of
drinking water);

e Construction worker exposure to contaminants in surface and subsurface soils through incidental
ingestion, inhalation of dusts, and dermal absorption from soil; and

e Construction worker exposure to contaminants in groundwater through inhalation of volatiles and
dermal absorption of contaminants through the skin.
The following pathways were evaluated for future exposure scenarios:

e Future residents of the Site DP98 area exposed to contaminants in groundwater through incidental
ingestion, dermal contact, and inhalation of groundwater vapors during use of groundwater by
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residents for domestic activities, including drinking, bathing, and cleaning. Note, the
groundwater vapor intrusion pathway was not evaluated for the residential scenario. It is
assumed that 50 percent of the concentrations of volatile chemicals in groundwater will volatilize
into the home during domestic uses. Therefore, concentrations of volatile chemicals in indoor air
from vapor intrusions are likely insignificant in comparison to indoor air concentrations from
domestic use;

e Future residents of the site area exposed to contaminants in surface soil through incidental
ingestion, dermal contact and inhalation of fugitive dusts and soil vapors;

e Neighborhood child exposures to wetland sediment through incidental ingestion, vapor
inhalation, and dermal contact with sediment during recreational/trespass activities; and

e Neighborhood child exposures to wetland surface water through inhalation of vapors and dermal
contact with surface water during recreational/trespass activities.

e Construction worker exposure to contaminants in surface and subsurface soils through incidental
ingestion, inhalation of dusts, and dermal absorption from soil; and

e Construction worker exposure to contaminants in groundwater through inhalation of volatiles and
dermal absorption of contaminants through the skin. Note, while identified as being
quantitatively evaluated under future conditions, the exposure assumptions for construction
workers are not expected to differ under current or future conditions. Thus, the results of the risk
characterization for construction worker exposures under current conditions will be the same as
those under future conditions.

7.2.2 Exposure Assumptions

The exposure assumptions define the magnitude, frequency, and duration of potentially exposed
populations for each of the exposure pathways selected for quantitative evaluation. The information
required to quantify exposure includes the daily intake or contact rates of environmental media (e.g., the
amount of air inhaled in 8 hours), duration of exposure, and other population characteristics affecting
exposure. These exposure factors are combined with the exposure point concentrations in Section 7.2.3 to
calculate a chemical dose. In general, EPA (1991a and 1993) default factors were used in the evaluation
of the onsite worker and future residents; and EPA’s Soil Screening Guidance (EPA, 2001a) defaults were
used in the evaluation of the construction worker exposure. General population survey information and
site-specific weather conditions were used as the basis for the neighborhood child recreational scenario.
A detailed description of the default and site-specific exposure factors used in the calculations, along with
the rationale for their use in this risk assessment, is provided in Appendix H. Exposure factors were
selected assuming reasonable maximum exposure (RME) conditions and central tendancy (CT)
conditions as defined by EPA (EPA, 1991a, 1993). RME exposure factors are intended to estimate the
upper percentile of an exposed population while CT factors represent more average, or typical population
exposures.

7.2.3 Exposure Point Concentrations (EPC)

To calculate a cancer risk or a noncancer hazard, an estimate must be made of the contaminant
concentration to which an individual may be exposed. According to EPA (EPA, 1992b, 1992), the
concentration term at the exposure point should be an estimate of the average concentration to which an
individual would be exposed over a significant part of a lifetime. Because of the uncertainty associated
with estimating the true average concentration at a site, EPA recommends the use of the 95 percent upper
confidence limit (UCL) of the arithmetic mean as the appropriate estimate of the average site
concentration for the RME and CT scenarios (EPA, 1991a, 1992, 1993). At the 95 percent UCL, the
probability of underestimating the true mean is less than 5 percent. The 95 percent UCL can address the
uncertainties surrounding a distribution average due to limited sampling data. A detailed discussion of
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the data used to calculate exposure point concentrations (EPCs) for each media is provided in Appendix
H; and a complete listing of data used to calculate EPCs is presented in Attachment B of Appendix H.
Table 7-2 summarizes the RME and CT EPCs used in this risk assessment. Figures 7-4 and 7-5 depict the
sample locations within each exposure area that were used in the calculations.

7.3 Toxicity Assessment

The toxicity assessment evaluates the relationship between the dose of a chemical and the
occurrence of toxic effects. Toxicity criteria for chemicals, which are based on this relationship, consider
both carcinogenic and noncarcinogenic effects. Table 7-3 presents toxicity criteria used in this
assessment. Attachment C of Appendix H contains discussions of the specific criteria and associated
health effects for each COPC.

7.4 Risk Characterization

In the final step of this risk assessment, exposure information is combined with contaminant-
specific toxicity information to estimate risks and hazards. Risk characterization is the summarizing step
of a risk assessment (EPA, 1995; ADEC, 2000a). In the risk characterization, the toxicity values
(references doses [RfDs] and slope factors [SFs]) are applied in conjunction with the concentrations of
COPCs and dose or intake assumptions to estimate cancer risks and health hazards other than cancer.

Noncancer health hazards and cancer risks were calculated for RME and CT exposure conditions.
RME hazard/risk estimates are based on the maximum exposure that is reasonably expected to occur at a
site. Intake parameter values were selected so that the combination of all parameters resulted in an
estimate of the RME for a particular exposure pathway. By design, the estimated RME is higher than that
expected to be experienced by most of the exposed population. Hazards and risks are compared to ADEC
and EPA target health goals. The target health goal for noncancer compounds is a hazard quotient (HQ)
equal to or less than 1. The HQ is the ratio of the contaminant intake to contaminant specific RfDs. The
target cumulative cancer risk level for ADEC is 1 x 10, while EPA defines a potentially acceptable
target risk range of 10 to 10™. In general, EPA considers sites with risks greater than 10 usually
warrant some type of remedial action while risks less than this level may not require active remediation.
However, whether or not a site warrants remediation is a risk management decision.

USEPA and ADEC risk assessment guidelines (USEPA, 1989; ADEC, 2000a) consider the
additive effects associated with simultaneous exposure to several contaminants by specifying that all HQs
initially be summed across exposure pathways and contaminants to estimate the total hazard index. This
summation conservatively assumes that the toxic effects of all contaminants would be additive, or in other
words, that all contaminants cause the same toxic effect and act by the same mechanism. Total RME and
CT risks and hazard indices for each exposure scenario are summarized on Table 7-4. Note that cancer
risks for the 0 to 6 year old age group are included in the child/adult evaluation and not evaluated
separately. Appendix H provides the details of the risk characterization results. Contaminants with risks
and/or hazards above ADEC’s and EPA’s target health goals were identified as contaminants of concern
(COC). Table 7-5 summarizes the contaminants that were identified as COCs in groundwater for each
exposure scenario. No contaminants were identified as COCs in any other media.

7.4.1 Current Land Use Risk Characterization Results
Summaries of RME and CT cumulative human health hazard and risk estimates and COCs
identified for current land use scenarios are presented below.

7.4.1.1 Civilian Building Worker Scenario

Cumulative RME cancer risk for the civilian building worker scenario of 3 x 10~ exceeded target
health goals (Table 7-4). Risks from groundwater as a drinking water source alone resulted in a cancer
risk of 3 x 107, which is in excess of EPA’s and ADEC’s target health goals.

Final RI/FS Report 7-8 19 June 2003
Site DP98 Elmendorf AFB, Alaska



The noncancer hazard index for the civilian building worker scenario of 84 also exceeded target
health goals (Table 7-4). Hazards from groundwater as a drinking water source alone resulted in a
cumulative noncancer hazard index of 83 in excess of EPA’s and ADEC’s target health goals

Risks and hazards for the civilian building worker scenario were both overwhelmingly driven by
the use of untreated groundwater as a drinking water source and TCE was the largest single contributor to
site risks (true for all groundwater pathways). Five contaminants have individual risks or HQs that exceed
ADEC’s target health goals, and were identified as COCs in groundwater for civilian building workers:
DRO, cis-1,2-DCE, TCE, tetrachloroethene, and vinyl chloride (Table 7-5). Therefore, the use of the
unconfined aquifer as a drinking water source for civilian personnel would present some health concerns
due primarily to TCE, but also the other 4 COCs. We note that TCE’s toxicity criteria are provisional,
not final, values and are currently undergoing external peer review by EPAs Integrated Risk Information
System (IRIS). If the old toxicity criteria were used, risks and hazards from TCE could be less for this
scenario and all others where TCE was selected as a COPC. However, four other chemicals besides TCE
are also present at concentrations in groundwater that exceed some target health goals.

For civilian building workers, the indoor air risk of 4 x 10™ is driven almost entirely by TCE
concentrations, suggesting that under current land use conditions, some health concerns may exist for
civilian personnel inhaling TCE vapors in indoor air. No COPCs were found at levels where the HQ
exceeded 1.

7.4.1.2 Military Building Worker Scenario

The cumulative RME cancer risk for the military building worker scenario of 5 x 10* exceeded
target health goals and is similar to that described above for civilian workers (Table 7-4). Risk for the
drinking water scenario contributes 88 percent to total RME cancer risks. The RME tap water cancer risk
of 4 x 10 exceeds both EPA’s and ADEC’s target health goals.

The noncancer hazard index for the military building worker scenario of 84 also exceeded target
health goals and is similar to that described above for civilian workers (Table 7-4). Hazards for the
drinking water scenario contribute 99 percent to the total hazard index. The hazard index of 83 exceeds
both EPA’s and ADEC’s target health goals.

As with the civilian building worker, risks and hazards were overwhelmingly driven by the use of
groundwater as a potable drinking water source. Four contaminants have individual risks or HQs that
exceed ADEC’s target health goals of 1 x 10 and 1, respectively, and were identified as COCs in
groundwater for military building workers: DRO, cis-1,2-DCE, TCE, and tetrachloroethene (Table 7-5).
In addition, the cumulative CT hazard index of 57 and cancer risk of 1 x 10 for this pathway also
exceeded ADEC’s target health goals. Therefore, the use of the unconfined aquifer as a drinking water
source for military personnel would present health concerns due almost entirely to TCE.

Cumulative RME cancer risk from inhalation of volatile contaminants emanating from
groundwater to indoor air is within EPA’s target risk range of 10 to 10, but the RME cancer risk for the
military building worker of 6 x 10” exceed ADEC’s target health goal of 1 x 10”. Cancer risks for this
pathway were almost entirely driven by TCE, suggesting that under current land use conditions, health
concerns may exist for military personnel inhaling TCE vapors in indoor air. No contaminants were
detected at levels where the HQ exceeded 1.

7.4.1.3 Construction Worker Scenario

Cumulative cancer risk from the construction worker exposure to DRO and TCE in soil of
1 x 10 is below ADEC’s and EPA’s target health goals. The total RME cancer risk of 3 x 10™ for
construction worker exposures to groundwater exceeds EPA’s risk level of 10®and ADEC’s cumulative
risk level of 1 x 10 (Table 7-4).
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The noncancer hazard index for the construction worker exposure to DRO and TCE in soil of
0.07 is also below ADEC’s and EPA’s target health goals. The cumulative hazard index of 9 slightly
exceeds the target health goal of 1 (Table 7-4).

Because both the cumulative cancer risk and the noncancer hazard index for the construction
worker scenario are below ADEC’s and EPA’s target health goals, contaminants in soil are not a health
concern for the construction worker. For groundwater, both the cumulative cancer risk and noncancer
hazard index exceed EPA’s and ADEC’s target health goals; however, only one contaminant, TCE,
evaluated in groundwater individually exceeded the target health goals. Therefore, TCE was identified as
a COC in groundwater for the construction worker scenario (Table 7-5).

7.4.2 Future Land Use

As under current military and civilian land use conditions, TCE in groundwater is also the major
contributor to site risks and hazards, under the future land use scenario. The RME cumulative hazard
indices for the residential child and child/adult exposures to contaminants in soil and groundwater of 875
and 476, respectively, and the RME cumulative cancer risk from exposures to soil and groundwater of
6 x 107 is driven by the tap water pathway. RME risks and hazard indices for residential exposures to
contaminants in soil were below ADEC’s target health goals. Residential cancer risk from soil was 9 x
10°%; and child and child/adult hazard indices were 0.2 and 0.05, respectively. Therefore, contaminants in
soil were not a health concern for residents and no contaminants were identified as COCs in soil. Both
the total groundwater RME cancer risks and hazard indices greatly exceeded EPA’s and ADEC’s target
health goals. The total RME cancer risk from groundwater was 6 x 10, Total RME child and child/adult
noncancer hazard indices were 875 and 476, respectively. Eleven contaminants were identified as COCs
because of individual cancer risks and/or individual hazard indices above ADEC’s target health goals of
1x10°and 1, respectively: GRO (only the aromatic portion), DRO, 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, benzene, cis-1,2-dichloroethene, ethylbenzene, naphthalene, tetrachloroethene,
trichloroethene and vinyl chloride. While these 11 contaminants all had cancer risks and/or hazards
greater than ADEC’s target health goals, total risks and hazards are driven by TCE. Ninety-seven percent
of the total cancer risks are due to TCE, 80 percent of which are due to inhalation exposures. Likewise,
TCE is the greatest contributor to noncancer hazards contributing 50 percent to total RME hazards.

The RME cumulative cancer risk and noncancer hazard index for recreational exposures to
contaminants in wetland sediment and surface water of 8 x 107 and 0.02 are below both EPA’s and
ADEC’s target health goals. Therefore, no contaminants in either wetland sediment or surface water were
found to be a significant health concern for the neighborhood recreational scenario, and no contaminants
were identified as COCs in either medium.

7.4.3 Risk Characterization Summary

Table 7-5 summarizes the contaminants that were identified as COCs in groundwater for each
exposure scenario. In conclusion, under current land use conditions, use of the unconfined aquifer as a
drinking water source would result in risks and hazards that exceed target health goals, with exceedances
primarily due to elevated concentrations of TCE, DRO, cis-1,2-DCE, and tetrachloroethene. Drinking
water for the site is currently obtained from Fort Richardson. Indoor air exposures resulting from vapors
emanating from groundwater under current conditions, for both civilian and military Building 18224
occupants could present some potential health concerns due primarily to elevated concentrations of TCE.
Construction worker exposures to contaminants in groundwater could present some health concerns, due
primarily to dermal contact with TCE in groundwater. Construction worker exposures to contaminants in
soil are unlikely to present health concerns.
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Table 7-2

Summary of Exposure Point Concentrations”

Hypothetical Hypothetical Future
Building Worker” Building Worker® Construction Worker Future Resident Neighborhood Child
(Vapor Intrusion Pathway) (Tap Water Ingestion) (Direct Contact) (Direct Contact) (Direct Contact)
Surface Surface Surface
Groundwater Groundwater Soil Groundwater Soil Water Materials
Groundwater Indoor Air® RME RME RME RME RME
Contaminant of RME and CT | RMEand CT || RME CT and CT and CT RME CT and CT and CT | and CT
Potential Concern (ng/L) (ng/m’) (ug/L) (g/L) (g/L) (mg/kg) (g/L) (g/L) (mg/kg) (gl) | (mgkg)
GRO (C6-C8 aliphatics) 1038.7 2215 1038.7 736.7 736.7 £ 1038.7 736.7 £ £ B
GRO (C6-C8 aromatics) 1038.7 28 1038.7 736.7 736.7 & 1038.7 736.7 £ £ €
DRO (C9-C24 aliphatics) 117467.4 d 117467.4 84619.7 84619.7 1006.8 117467.4 84619.7 725.2 £ 1924.7
DRO (C9-C24 aromatics) 43487.6 d 43487.6 29859.4 29859.4 355.9 43487.6 29859.4 242.1 & 695.9
1,2,4-Trimethylbenzene 184.2 ¢ 184.2 121.9 121.9 ¢ 184.2 121.9 ¢ ¢ €
1,3,5-Trimethylbenzene 63.5 ° 63.5 40.5 40.5 € 63.5 40.5 g g &
Benzene 34.7 0.29 34.7 23.05 23.05 ¢ 34.7 23.05 € & €
Benzo(a)pyrene ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0.029" ¢
Chloroform 2.34 0.02 2.34 1.77 1.77 £ 2.34 1.77 £ £ 0.49"
Chloromethane 4.56 N 4.56 3.14 3.14 g 4.56 3.14 £ ¢ B
cis-1,2-Dichloroethene 2567 14.6 2567 1829.9 1829.9 £ 2567 1829.9 £ 34 €
Dibenzo(a,h)anthracene ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0.02" €
Indeno(1,2,3-cd)pyrene ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ ¢ 0.12f ¢
Lindane 0.13" d 0.13" 0.05 0.05 £ 0.13 0.05 £ £ 8
Methylene chloride 40.7 0.16 40.7 27.3 27.3 ¢ 40.7 27.3 ¢ ¢ ¢
[Naphthalene 335 0.12 335 227.7 227.7 ¢ 335.0 227.7 ¢ ¢ €
Tetrachloroethene 1178.5 24.3 1178.5 854.3 854.3 £ 1178.5 854.3 £ £ €
trans-1,2-Dichloroethene 153 0.21 15.3 10.44 10.44 ¢ 153 10.44 € ¢ €
Trichloroethene 1748.2 23.8 1748.2 1167.8 1167.8 0.688 1748.2 1167.8 0.45 8.9 0.13"
Vinyl chloride 6.2 0.38 6.2 4.33 4.33 £ 6.2 4.33 £ £ B
Xylene 108.3 0.85 108.3 72.6 72.6 & 108.3 72.6 £ & €
Ethylbenzene 59 0.50 59 40.5 40.5 £ 59 40.5 £ £ €

“All RME and CT exposure point concentrations (EPCs) are 95 percent upper confidence limits (UCL95) of the data set, unless otherwise marked

"Building worker EPCs apply to both military and civilian personnel.

“The building worker groundwater EPCs were used in the Johnson-Ettinger Model for Subsurface Vapor Intrusion to estimate indoor air concentrations.

This chemical is not volatile; therefore the indoor air pathway is incomplete for this chemical.

°Indoor air concentrations could not be estimated for these chemicals because the chemical properties needed for the Johnson and Ettinger model are not available.
"This data set contained fewer than 10 samples. Therefore, a UCL95 could not be calculated and the maximum detected concentration was used as the EPC.
This chemical was not selected as a COPC in this media.

CT - Central tendency

RRO - Residual range organics

DRO - Diesel range organics
RME - Reasonable maximum exposure

ng/L - Microgram of chemical per liter of water

GRO - Gasoline range organics
ug/m’ - Microgram of chemical per cubic meter of air
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Table 7-3

Toxicity Criteria for Concentrations of Potential Concern at Site DP98

Cancer: Noncancer: Uncertainty
Slope Factor Reference Dose Toxicity Factor/Level of
Chemical (m&-day)’1 (mg/kg-day) Endpoint Confidence® Reference
Benzo(a)pyrene 7.3 (oral/inhalation) None Tumors in mice None EPA 2002a
EPA Group B2 carcinogen®
Indeno(1,2,3-cd)pyrene 0.73 (oral/inhalation) None Tumors in mice None EPA 2002b
EPA Group B2 carcinogen®
cis-1,2-Dichloroethene None 0.01 (oral/inhalation) Rat hemoglobin production 3,000 USEPA 1997
EPA Group D carcinogen®
trans-1,2-Dichloroethene | None 0.02 (oral/inhalation) Increased serum alkaline 1,000 EPA 2002a
EPA Group D carcinogenb phosphates in mice
1,2,4-Trimethylbenzene | None 0.05 (oral) Not available® None EPA 2002b
EPA Group D carcinogenb 0.0017 (inhalation)
1,3,5-Trimethylbenzene | None 0.05 (oral) Not available® None EPA 2002b
EPA Group D carcinogen® 0.0017 (inhalation)
Benzene 0.0055 (oral) 0.003 (oral) Leukemia (cancer) None EPA 2002a (SF);
0.029 (inhalation) 0.0017 (inhalation) EPA 2002b (RfDs)
EPA Group A carcinogen®
Ethylbenzene 0.00385 (inhalation) 0.1 (oral) Kidney tumors (SF) 1000/low (oral) EPA 1999 (SF)
EPA Group B2 carcinogen® | 0.29 (inhalation) Liver & kidney toxicity EPA 2002b (RfDs)
(RfD-oral)
Developmental toxicity 300/low (inhalation)
(RfD-inhalation)
Dibenzo(a,h)anthracene | 7.3 (oral/inhalation) Carcinomas in mice. None EPA 2002b
EPA Group B2 carcinogen® | None
Chloroform 0.0061 (oral) 0.01 (oral) Beagle dog cyst formation in | 1,000 EPA 2002a
0.081 (inhalation) 0.00086 (inhalation) liver
EPA Group B2 carcinogen®
Chloromethane 0.013 (oral) 0.086 (inhalation) Not available® (SF) CNS, liver | None EPA 2002b
0.0063 (inhalation) and kidney toxicity (RfD-
EPA Group D carcinogenb inhalation)
DRO aliphatics None 0.1 (oral) Hepatic and hematological None ADEC 2000b
0.29 (inhalation) changes
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Table 7-3 (Continued)

mortality

Chemical Cancer: Noncancer: Uncertainty
Slope Factor Reference Dose Toxicity Factor/Level of
(m&-day)'l (mg/kg-day) Endpoint Confidence® Reference
DRO aromatics None 0.04 (oral) Decreased body weight None ADEC 2000b
0.06 (inhalation)
GRO aliphatic None 5.0 (oral) Neurotoxicity None ADEC 2000b
5.3 (inhalation)
GRO aromatics None 0.2 (oral) Hepatotoxicity and None ADEC 2000b
0.11 (inhalation) nephrotoxicity
Lindane 1.3 (oral/inhalation) 0.0003 (oral/inhalation) | Liver and kidney toxicity 1,000 EPA 2002a
Methylene chloride 0.0075 (oral) 0.06 (oral) Liver toxicity 100/medium (oral) | EPA 2002a
0.0016 (inhalation) 0.86 (inhalation)
Naphthalene None 0.02 (oral) Decreased body weight (oral) | 3,000/low (oral) EPA 2002a
EPA Group D carcinogen® 0.00086 (inhalation) Nasal effects (inhalation) 3,000/medium
(inhalation)
Tetrachloroethene 0.052 (oral) 0.01 (oral) Liver toxicity in mice 1,000/Medium EPA 1998
0.01 (inhalation) 0.17 (inhalation) confidence
Trichloroethene 0.4 (oral) 0.0003 (oral) CNS, liver & endocrine (RfD) | None EPA 2001b
0.4 (inhalation) 0.01 (Inhalation) Kidney (SF)
EPA Group B1 carcinogen®
Vinyl chloride (Adult) 0.75 (oral) 0.003 (oral) Liver toxicity in rats (RfD) 30/Medium EPA 2002a
0.016 (inhalation) 0.029 (inhalation) Liver cancer in rats (SF) confidence
EPA Group A carcinogen®
Xylenes None 0.7 (oral) Hyperactivity, decreased body | 100/medium EPA 2002¢
EPA Group D carcinogen® 0.29 (inhalation) weight, and increased

*Applies only to reference doses.

"EPA’s Weight-of-Evidence Classification System:
Group A - Human carcinogen (sufficient evidence in humans)

Group B1 - Probable human carcinogen (limited human data available)

Group B2 - Probable human carcinogen (sufficient evidence in animals, inadequate or no evidence in humans)

Group C - Possible human carcinogen (limited evidence in animals)

Group D - Not classifiable as to human carcinogenicity
“Toxic effects of these chemicals are unknown.
mg/kg-day - Milligram per kilogram per day

RfD - Reference dose
SF - Slope factor




Table 7-4

Summary of RME and CT Cumulative Human Health Hazard/Risk Estimates for Each Exposure

Scenario
Land Use Exposure Scenario Exposure Population Exposure Medium Total Hazard/Risk
Scenario
Hazard Index \Cancer Risk
Reasonable Maximum Exposure

Current | Civilian Building Worker Adult Tap Water 83 3E-03
Indoor Air (GW) 0.5 4E-04
Total 84 3E-03
Military Building Worker Adult Tap Water 83 4E-04
Indoor Air (GW) 0.5 6E-05
Total 84 5E-04
Construction Worker Adult Surface/Subsurface Soil 0.07 1E-06
Groundwater 9 3E-05
Total 9 3E-05

Future Resident Child (age 0-6 years) Tap Water 875 NE

Surface Soil 0.2 NE

Total 875 NE
Child/Adult (age 0-70 years) |Tap Water 476 6E-02
Surface Soil 0.05 9E-06
Total 476 6E-02
Neighborhood Elementary Aged Child (age [[Wetland Surface Materials 0.01 6E-08

Recreational Child 6-12 years)
'Wetland Surface Water 0.007 8E-07
Total 0.02 8E-07
Central Tendency

Current | Civilian Building Worker Adult Tap Water 50 4E-04
Indoor Air (GW) 0.4 7E-05
Total 50 5E-04
Military Building Worker Adult Tap Water 57 1E-04
Indoor Air (GW) 0.5 3E-05
Total 57 2E-04
Construction Worker Adult Surface/Subsurface Soil 0.03 6E-07
Groundwater 6 2E-05
Total 6 2E-05

Future Resident Child (age 0-6 years) Tap Water 346 NE

Surface Soil 0.07 NE

Total 346 NE
Child/Adult (age 0-70 years) |Tap Water 168 6E-03
Surface Soil 0.03 2E-06
Total 168 6E-03
Neighborhood Elementary Aged Child (age [[Wetland Surface Materials 0.006 9E-09

Recreational Child 6-12 years)

'Wetland Surface Water 0.003 2E-07
Total| 0.009 2E-07

Risks and hazards that exceed target health goals are bolded.
CT - Central tendency
NE - Not evaluated. Cancer risks are not evaluated separately for the 0 to 6 year old age group, but are included in the child/adult evaluation.
RME - Reasonable maximum exposure
GW — Groundwater
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Under future land use conditions, use of the unconfined aquifer as a drinking water source also
would result in risks and hazards in excess of target health goals, due to elevated contaminant
concentrations, particularly of TCE, tetrachloroethene, naphthalene, and cis-1,2-dichloroethene and vinyl
chloride. Residential exposures to site surface soils are not likely to present health concerns.
Neighborhood recreational exposures to contaminants in wetland surface water and sediment are not
likely to present health concerns.

We note that the chemical contributing the majority of the risks and hazards in groundwater,
TCE, has toxicity criteria that are proposed, not final, values. TCE’s criteria are currently undergoing
external peer review. If the previous, less stringent toxicity criteria were applied, risks and hazards from
TCE could be less wherever TCE was evaluated. However, concentrations of other chemicals in
groundwater would still exceed ADEC and some EPA targe