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EXECUTIVE SUMMARY

The U.S. Army Corps of Engineers Alaska District conducted a series of remedial investigations
between 1994 and 2004 to identify and delineate contamination at the Northeast Cape Formerly
Used Defense Site (FI0AK0696) located on St. Lawrence Island, Alaska. In addition, several
interim removal actions were conducted to address building demolition and miscellaneous
debris, containerized wastes, and hotspots of contaminated soil. This feasibility study
summarizes the historical sampling results for each site or area of concern at the Northeast Cape
Air Force Station, summarizes previous removal activities applicable to particular sites, and
evaluates a range of alternatives according to the criteria prescribed by the Comprehensive
Environmental Response, Compensation, and Liability Act.

A total of 33 individual sites have been investigated and characterized at Northeast Cape,
including background locations. Of these sites, seventeen are proposed for no further remedial
action because they meet the identified remedial action objectives. The remaining sites have
been grouped geographically into 8 areas for further evaluation of alternatives. The areas of
concern include the Fuel Pumphouse and Pipeline (Sites 3 and 4), the Cargo Beach Road Former
Drum Field (Site 6), the Landfills (Sites 7 and 9), the Pipeline Break (Site 8), and Main
Operations Complex (Sites 10, 11, 13, 15, 19, 27), the Drainage Basin (Site 28), the Suqgitughneq
River and Estuary (Site 29), and the White Alice Complex (Sites 31 and 32).

Depending on the particular site characteristics and affected media, the alternatives evaluated
include no action, institutional controls, natural attenuation, landfarming, phytoremediation,
thermal treatment, off-site treatment and disposal, capping, reactive matting, reactive walls,
constructed wetlands, and chemical oxidation. Cost estimates are provided for each alternative.
The estimated costs range from $186,000 to implement institutional controls at one site to $84
million for complete removal of the landfills.

The information within this feasibility study will be used as the basis for proposing remedial
alternatives for the Northeast Cape site in a future Proposed Plan document. A combination of
alternatives may be used to achieve the remedial action objectives. Input from the community,
regulatory agency, and other stakeholders will be considered during the development of the
Proposed Plan.

Xiii



[PAGE INTENTIONALLY BLANK]

Xiv



10 INTRODUCTION/OVERVIEW

This Feasibility Study (FS) report provides an evaluation of remedial alternatives for the
Northeast Cape Air Force Station Site located on St. Lawrence Island, Alaska. The remedial
alternatives presented in this report were developed based on the results of the four phases of
remedial investigation (RI) conducted between 1994 and 2004 at the site. This FS report
includes a qualitative conceptual site model (CSM) that identifies potentially complete exposure
pathways, and focuses on identifying and evaluating appropriate technologies that have a
reasonable chance of use at the site. The Northeast Cape site is a Formerly Used Defense Site
(FUDS), and is not listed on the National Priorities List (NPL). This project was authorized by
the Defense Environmental Restoration Program (DERP) of the United States Department of
Defense (DoD), and was conducted in accordance with the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA).

11 Purpose and Organization of Report

The FS report is intended to provide information sufficient to support an informed risk
management decision regarding which remedy appears to be most appropriate for the Northeast
Cape site. The FS is based on data collected during previous investigations and will be used
during preparation of the Proposed Plan and, following public comment on the Proposed Plan, a
Decision Document for the site remedy. The development of the FS follows guidance for
conducting a feasibility study under CERCLA (USEPA, 1988), and alternatives were developed
and evaluated using standard criteria. Although petroleum is not defined as a hazardous
substance, pollutant, or contaminant under CERCLA, for administrative convenience the same
process was utilized to evaluate potential remedial alternatives. The state of Alaska defines (A.S
46.03.826) hazardous substance to mean (A) an element or compound which, when it enters into
the atmosphere or in or upon the water or surface or subsurface land of the state, presents an
imminent and substantial danger to the public health or welfare, including but not limited to fish,
animals, vegetation, or any part of the natural habitat in which they are found; (B) oil; or (C) a
substance defined as a hazardous substance under 42 U.S.C. 9601(14). Oil is defined by statute
to mean a derivative of a liquid hydrocarbon and includes crude oil, lubricating oil, sludge, oil
refuse or another petroleum-related product or by-product.

In accordance with Environmental Protection Agency (EPA) guidance, this FS is presented as a
three-phase process to develop, screen, and analyze remedial actions for the site. The specific
remediation requirements are based on the nature and extent of contamination determined during
the RI, and the potential risk pathways identified by the CSM and Human Health and Ecological
Risk Assessment. The overall objective of the FS is to develop and evaluate a range of
remediation alternatives, based on site-specific findings and on current and future use scenarios.

The first phase of the FS consisted of identifying and screening a range of potentially applicable
technologies. This initial technology screening is based on consideration of the potential for
each technology to achieve site-specific remedial action objectives (RAQs) given the
characteristics of the impacted media, the nature of contamination, and other site conditions.
Those technologies were then assembled into a variety of alternatives representing a range of

1



treatment options, and screened with respect to their effectiveness, implementability, and relative
cost. Based on these criteria, the alternatives best suited for site remediation were then retained
for a more detailed analysis during the study's third phase. This third phase consists of two
primary elements: (1) definition of the waste management strategies to be employed in each
alternative and further analysis of each alternative against an established set of evaluation
criteria; and (2) a comparative analysis to evaluate the relative performance of each alternative in
relation to those evaluation criteria.

To develop the framework for the assessment of appropriate technologies, this report is
organized into several sections and appendices, as described below:

Section 1.0 describes the objectives and organization of the report. It also provides background
information on the site.

Section 2.0 presents a qualitative CSM that describes potential exposure routes and receptors.

Section 3.0 identifies the applicable or relevant and appropriate requirements (ARARs), RAOs,
and remedial action requirements to be addressed in any remediation strategy. Alternate cleanup
levels are also proposed. Based on these requirements and considerations, potential remediation
technologies are identified and screened for their applicability to RAOs at the site.

Section 4.0 identifies potential remediation technologies and provides an initial screening against
RAO:s at the site. Further development and screening of a range of alternatives assembled from
the potential remediation technologies is discussed in the site-specific summary sections later in
the document (see sections 6.0 through 13.0).

Section 5.0 presents a detailed description of the data at each site recommended for no further
remedial action planned.

Sections 6.0 through 13.0 describe background information, historical sampling results, and
results of previous removal actions for all remaining sites. A range of alternatives are presented
and described. These descriptions are developed to address remediation at specific locations
where site use scenarios demonstrate a potential risk. Each description is followed by an
analysis and comparison of the relative performance of each alternative based on a series of
criteria, including (1) overall protectiveness of human health and the environment; (2)
compliance with ARARS; (3) short-term effectiveness; (4) long-term effectiveness and
performance; (5) reduction of toxicity, mobility, or volume through treatment; (6)
implementability; and (7) cost.

12 Background Information

A brief summary of the site history and environmental conditions is presented in this section.

These topics are discussed in greater detail in the remedial investigation reports (see References).
121 Site Location

Northeast Cape is located on St. Lawrence Island in the Bering Sea, approximately 135 miles

southwest of Nome, Alaska, as shown in Figure 1-1. The Village of Savoonga is the closest
2



community, and is located approximately 60 miles northwest of Northeast Cape. The site is
located near the northeast end of the island at around 63°19” North, 168°58* West, approximately
9 miles west of the northeastern cape of St. Lawrence Island. According to land acquisition
records, the size of the Northeast Cape site, as a whole complex, is approximately 4,800 acres, or
7.5 square miles. The Northeast Cape site is bounded by Kitnagak Bay to the northeast,
Kangighsak Point to the northwest, and the Kinipaghulghat Mountains to the south.

1.2.2  Site History and Ownership

The former military installation operated from about 1954 until 1972 as a surveillance station
and a White Alice Communications station. In 1982, the Navy obtained the former White Alice
property (26 acres), but did not utilize the site as a communications site. The land transfer was
later deemed invalid and property ownership reverted to Sivugaq, Inc. and Savoonga Native
Corporation. Demolition of the buildings and the majority of other structures has been
completed under multiple U.S. Army Corps of Engineers (USACE) contracts. The runway,
improved gravel roads, and concrete slabs of some of the former structures remain intact.

1.2.3 History of Investigations

Remedial investigations have been performed at the Northeast Cape site since 1994. Phase | of
the remedial investigation was conducted during the summer of 1994. Additional sampling was
performed as part of Phase Il during 1996 and 1998. Additional investigations were conducted
during the 2001 and 2002 field seasons as part of Phase I1l. A final round of investigation was
completed during 2004 as part of Phase IV remedial investigation. A brief summary of the
nature and extent of contamination at each site within the Northeast Cape site is presented in
Sections 5 through 13. The site descriptions are based on information presented in various
phases of the remedial investigation. This information has been summarized and included herein
to provide the framework to support the development of remedial alternatives. The reader is
referred to the reports listed in Section 16 References for more detailed discussions of site
characterization.



20 CONCEPTUAL SITE MODEL

In order to provide a framework for consideration of remediation alternatives a Conceptual Site
Model (CSM) depicting potential sources of chemicals, release mechanisms, means of retention
in or migration to exposure media, exposure routes, and receptors was developed. The CSM is
intended to provide a background description of contaminant fate and transport mechanisms. A
complete pathway from the source of chemicals to the human receptors is necessary for chemical
exposure to occur.

Required elements for a complete exposure pathway include:

= A source of potentially toxic chemicals (e.g., primary sources, such as contents of drums
or tanks, or a secondary source, such as contaminated soil).

= A mechanism of chemical release to the environment (e.g., spillage to the ground).

= A mechanism of retention in or transport to an exposure medium (e.g., adsorption to soil,
or leaching from soil to shallow subsurface water and subsequent transport as a dissolved
constituent to a nearby surface water body).

= A point of contact between receptor and exposure medium (e.g., a person digging in
contaminated soil).

= An intake route for the receptor (e.g., ingestion of impacted soil or water).

Figure 3-1 from the Risk Assessment (MWH, 2004) shows a generalized visual representation of
the Human Health CSM developed for the Northeast Cape site based on information gathered
during the remedial investigation. The CSM depicts complete exposure pathways for a future
permanent resident and soils, sediment, surface water, and groundwater. Groundwater exposure
pathways are evaluated on a site-specific basis and discussed in more detail in Sections 3.6.3,
and 6 through 14. The shallow groundwater within specific areas of the Northeast Cape
installation is not a current or reasonably expected potential future drinking water source. These
areas are characterized by low-lying tundra; including the vicinity of Cargo Beach (Sites 3, 4),
and the landfills (Sites 6, 7, 9). The groundwater exposure pathway is only applicable to Areas
of Concern E — Main Operations Complex and H — White Alice Complex. Figure 3-6 illustrates
the ecological conceptual site model for Northeast Cape.

21 Sources and Release Mechanisms

The primary sources that may have released chemicals at the former Northeast Cape site are the
petroleum fuel storage tanks and piping, Air Force Station (AFS) buildings, and landfills. The
buildings, fuel storage tanks, drums, and miscellaneous debris have all been removed under prior
removal actions.

Once a spill or release occurs, soil is expected to serve as the retention medium at the site. Soil
that is impacted by chemicals released from the primary source is expected to serve as a
secondary source from which chemicals may be migrating to other media such as air, shallow
groundwater, surface water, or sediment.



2.2 Migration and Retention Mechanisms

The primary physical processes affecting contaminant concentrations and migration include
dispersion, dilution, and sorption. Volatilization of contaminants may affect some organic
contaminant concentrations. Soils at the site are characterized by silts near the surface, overlying
more sand-dominated soils at depth. The silt contains varying quantities of clay/sand/gravel. In
general, developed areas of the site consist of gravel fill from local sources and the outlying
areas consist of native tundra or peat. Permafrost exists at the site, at varying depths.
Groundwater has been observed as both suprapermafrost (shallow) and a deeper aquifer.

2.3 Exposure Routes and Receptors

The potential human and ecological receptors were evaluated in the Human Health and
Ecological Risk Assessment (MWH, 2004). A summary of the exposure routes and intake
pathways is presented in the following subsections.

2.3.1 Human Receptors

Human receptors are expected to include site visitors, seasonal subsistence users, and future
permanent residents. Several potential exposure scenarios were identified in the conceptual site
model:

= incidental ingestion of soil/sediment

= dermal contact with soil/sediment/surface water

= inhalation of dust from soil or volatile organic compounds in water
= ingestion of surface water or groundwater

= consumption of subsistence food items

2.3.2 Ecological Receptors

The potentially affected biological resources evaluated included vegetation, birds, fish, shellfish,
terrestrial mammals, marine mammals, and special status species. The ecological risk evaluation
focused on three selected indicator receptors, the tundra vole, cross fox, and glaucous-winged
gull. These species were utilized in the risk characterization, which integrated exposure dose
analysis and effect assessment and compared these values to ecological toxicity reference values
to calculate a chemical-specific hazard quotient for each site.

Ecological hazard estimates were calculated for three ecological indicator receptors (i.e., the
tundra vole, cross fox, and glaucous-winged gull) based on modeled exposure to chemicals in
site soil, sediment, surface, or shallow subsurface water, as appropriate for a given site.



30 IDENTIFICATION OF APPLICABLE OR RELEVANT AND APPROPRIATE
REQUIREMENTS

A review of potential applicable or relevant and appropriate requirements (ARARS) was
performed to facilitate selecting remedial alternatives. Applicable requirements are those
cleanup standards, standards of control, and other substantive requirements, criteria or limitations
promulgated under Federal environmental or state environmental or facility siting laws that
specifically address a hazardous substance, pollutant, contaminant, remedial action, location or
other circumstance found at a CERCLA site. Only those state standards that are identified by a
state in a timely manner and that are more stringent than Federal requirements may be
applicable. Relevant and appropriate requirements mean those cleanup standards, standards of
control, and other substantive requirements, criteria, or limitations promulgated under Federal
environmental or state environmental or facility siting laws that, while not applicable to a
hazardous substance, pollutant, contaminant, remedial action, location, or other circumstance at a
CERCLA site, address problems or situations sufficiently similar to those encountered at the
CERCLA site that their use is well suited to the particular site. Only those state standards that
are identified in a timely manner and are more stringent that Federal requirements may be
relevant and appropriate. ARARSs can be divided into three categories: (1) chemical-specific, (2)
location-specific, and (3) action-specific.

These requirements were used in developing the project remedial action objectives (RAOS).
ARARSs include environmental laws such as the State of Alaska soil and groundwater cleanup
level determination methods set forth in the Oil and Hazardous Substances Pollution Control
Regulations, Water Quality Standards, Drinking Water Standards, and the federal Resource
Conservation and Recovery Act (RCRA), Safe Drinking Water Act (SDWA), Clean Air Act
(CAA), Clean Water Act (CWA), and Solid Waste Disposal Act (SWDA).

Chemical-specific ARARs are media-specific laws and requirements that regulate the release to
the environment of materials that possess certain chemical or physical characteristics. These
requirements generally set health-and risk-based concentration limits for hazardous substances.
If a chemical is subject to more than one discharge or exposure limit, the more stringent of the
requirements is generally applied.

Chemical-Specific ARARs Explanation

Water Quality Standards (18 AAC 70) Standards applicable to surface water quality.

Oil and Hazardous Substances Pollution Control Soil and groundwater cleanup levels. Allows for

Regulations (18 AAC 75) alternative cleanup levels (ACLs) to be established
based on site-specific data or a risk assessment.

Underground Storage Tanks (18 AAC 78) Regulations pertaining to underground storage tanks.

Location-specific ARARs are related to the geographical or physical position of the site,
including its location relative to wetlands, endangered species, floodplains, and any other
regulated features. These physical features may limit the type of remedial actions that can be
implemented and may pose additional constraints on a cleanup action.

Action-specific ARARs are requirements that define acceptable treatment and disposal
procedures for hazardous substances. These ARARs set performance, design, or other action
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specific controls or restrictions on particular kinds of activities related to management of
hazardous substances or pollutants. Action-specific ARARs are assessed for the particular
remedial activities selected for a specific site.

Action-Specific ARARs Explanation
Identification and Listing of Hazardous Wastes (40 CFR Standards applicable to the management,
Part 261 and 18 AAC 62) transportation, and disposal of hazardous waste.

A summary of ARARs and a discussion of their applicability to govern the potential site
remediation activities are presented in the following sections.

31 Chemical-specific ARARS

Chemical-specific requirements are based on health or risk-based concentrations in
environmental media (e.g., water or soil) for specific hazardous chemicals. These requirements
may be used to set cleanup levels for the chemicals of concern in the designated media. Soil
cleanup levels have been promulgated at the state of Alaska level as presented in the Oil and
Other Hazardous Substances Pollution Control Regulations, 18 Alaska Administrative Code
(AAC) 75, for a number of petroleum hydrocarbons, organic compounds, and inorganic
compounds. These standards constitute an ARAR under CERCLA. Site-specific alternative
cleanup levels (ACLs) may also be used, subject to approval by the Alaska Department of
Environmental Conservation (ADEC), under ADEC Cleanup Methods Three and Four. Method
Three allows a responsible person to propose ACLs that modify Method Two cleanup levels (18
AAC 75.341]c], Table B1, and 18 AAC 75.341 [d], Table B2) using site-specific soil data, fate
and transport data, or exposure parameters. Method Four ACLs may be proposed based on the
completion of a risk assessment showing the proposed ACLs are protective of human health,
safety, and welfare, and of the environment. Groundwater cleanup levels have been promulgated
by the State of Alaska in 18 AAC 75.345, Table C.

The Toxic Substances Control Act (TSCA) also provides chemical specific action levels. TSCA
is the primary Federal statute regulating the use of certain chemicals and substances, including
asbestos, PCBs, radon and lead.

Soil - The RAOs identified for site soils are to:
= Prevent current and future exposure to humans by ingestion, inhalation, and dermal
contact with contaminated soils at levels above ARARS.
= Prevent infiltration/migration of contaminants that could result in groundwater
contamination in excess of ARARSs.

Groundwater - The RAOs identified for the remediation of site groundwater are to:
= Prevent ingestion of groundwater containing contaminants at levels above ARARs.

Table 3-1 summarizes the general remedial action objectives for environmental media at
Northeast Cape.




Table 3-1. General Remedial Action Objectives for Northeast Cape, Alaska

Environmental Exposure Receptors Remedial Action Objectives
Media Route For Human Health For Environmental
Protection
Soils Dermal Recreational Prevent exposure to soils Prevent migration of
Contact Use exceeding contaminant- contaminants to the
Ingestion Subsistence Use | specific cleanup levels or unconfined aquifer and to
Inhalation Ecosystem site-specific protection surrounding surface soils
standards and surface waters.
Minimize physical impacts
to sensitive areas (e.g.,
wetlands) during remedial
activities
Sediments Dermal Recreational Prevent exposure to soils Prevent migration of
Contact Use exceeding contaminant- contaminants to the
Ingestion Subsistence Use | specific cleanup levels or unconfined aquifer and to
Inhalation Ecosystem site-specific protection surrounding surface soils
standards and surface waters.
Surface Water Dermal Recreational Prevent exposure to soils Prevent migration of
Contact Use exceeding contaminant- contaminants to the
Ingestion Subsistence Use | specific cleanup levels or unconfined aquifer and to
Inhalation Ecosystem site-specific protection surrounding surface soils
standards and surface waters.
Groundwater Ingestion Recreational Prevent exposure to soils Prevent migration of
Inhalation Use exceeding contaminant- groundwater contamination
Subsistence Use | specific cleanup levels or at levels that could
Ecosystem site-specific protection negatively impact streams
standards and other bodies of water.
Air Ingestion Recreational Prevent exposure to dust Prevent wind suspension of
(dust) Use and vapors exceeding contaminated soil
Inhalation Subsistence Use contaminant-specific
Ecosystem cleanup levels or site-
specific protection
standards

32 Location-specific ARARS

The entirety of St. Lawrence Island is located within the Bering Straits Coastal Resource Service
Area (CRSA) inland coastal zone boundary, thus activities at the Northeast Cape site are
regulated by state and federal agencies. Legislation that applies to this project includes:

Fish and Wildlife Coordination Act (16 USC 661 et seq.); 40 CFR 6.302. Provides for the
protection of fish and wildlife from adverse effects of water resources development projects.
Remedial actions could affect coastal waters.

Coastal Zone Management Act (16 USC 1131 et seq.); 50 CFR 35.1 et seq. Provides for the
protection of coastal areas.

33 Action-specific ARARs

Federal and state regulations govern the identification, management, transportation, and disposal
of hazardous wastes and are applicable to remedial actions implemented at the site.
8



Identification and Listing of Hazardous Waste (40 CFR Part 261 and 18 AAC 62) regulates the
generation, storage, transportation, and disposal of hazardous wastes.

34 Overview of Risk Assessment

The Final Human Health and Ecological Risk Assessment (HHERA) (MWH, 2004) for the
Northeast Cape installation evaluated the potential risks associated with exposure to soil,
sediment, shallow subsurface water, groundwater, and subsistence food consumption. The risk
assessment evaluated incidental ingestion, dermal contact, and dust inhalation pathways as
components of the human exposure scenarios for soil. The risk assessment also evaluated the
subsistence consumption of fish and plants harvested from impacted areas of the Northeast Cape
Installation and from locations within the vicinity of the Northeast Cape Installation that are
believed unimpacted by site activities. Potential dermal exposures to petroleum hydrocarbons
were not quantitatively evaluated in the risk assessment due to uncertainties in extrapolating oral
reference doses (RfDs) to the dermal route of administration. The ingestion of groundwater was
evaluated directly and not via the modeled migration to groundwater pathway for soils.

Under a future permanent resident scenario, complete exposure pathways include the incidental
ingestion/contact with soils/sediment, dust inhalation, and ingestion/contact with surface or
subsurface waters. Therefore, potential future human health risks will depend upon the specific
site inhabited and the source of potable water. Potential sources of potable water include the
fractured bedrock aquifer near the base of the Kinipulghat Mountains (e.g., between the White
Alice complex and the Main Complex), groundwater beneath the Main Operations Complex or
fresh surface water obtained from the Sugitughneq River or other fresh surface water sources.
Shallow groundwater consisting of percolated rainfall and seasonally-thawed water in the active
layer of tundra soils is not a potential drinking water source or complete exposure pathway.
Areas of shallow groundwater have been observed perched on ice rich frozen ground in boggy,
tundra areas. Subsistence food pathways for future seasonal or permanent residents could
include consumption of plants and fish collected from impacted locations or ambient locations.
The consumption of fish collected from the Sugitughneq River as well as ambient locations was
further evaluated by the Agency for Toxic Substances and Disease Registry (ATSDR, 2005) and
they concluded no adverse health effects are likely to result from ingestion of the subsistence-
caught fish species, as explained further in the following section.

35 Cumulative Risk

Alternate cleanup levels must also be protective from a cumulative risk perspective. Cumulative
risk is defined as the sum of risks resulting from multiple sources and pathways to which humans
are exposed. Cancer and non-cancer cumulative risks are calculated separately. When more
than one hazardous substance is present at a site or multiple exposure pathways exist, calculated
cleanup levels may need to be adjusted downward. Lead contamination in soil or groundwater is
not included in cumulative risk calculations, because cancer slope factor and non-cancer
reference dose values are not applied to this chemical. Lead is evaluated separately using a
model predicting integrated uptake of lead in children. For petroleum hydrocarbons, each
fraction is a mixture of many different chemicals. Risks from individual petroleum constituents
(i.e., indicator compounds) such as benzene, toluene, ethylbenzene, xylenes (BTEX) or
polycyclic aromatic hydrocarbons (PAHS) are included in the cumulative risk calculations.
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However, bulk petroleum hydrocarbons mixtures (e.g., diesel (DRO), gasoline (GRO) or residual
range (RRO) organics) are assessed using toxicity and chemical parameters for the total
petroleum range. The risk from bulk hydrocarbons is not included in the cumulative risk
calculations because the risk from indicator compounds is considered protective of the
cumulative risk to petroleum exposure.

Under EPA’s Guidelines for the Health Risk Assessment of Chemical Mixtures (1986) the most
preferred method for evaluating the risk to chemical mixtures is to use toxicological data for the
mixture itself. Many mixtures have different toxicological properties than their constituents. At
this time, there is not enough toxicological data available to calculate risk to the full petroleum
fractions other than using a surrogate approach to determine toxicity.

The Alaska Department of Environmental Conservation regulations (18 AAC 75.325(g)) state
that a responsible person proposing an alternative cleanup level for soil or groundwater based on
a site-specific risk assessment under method four, or using cleanup levels developed under
methods two or three, shall ensure that the risk from hazardous substances does not exceed the
cumulative carcinogenic risk standard of 1 in 100,000 (e.g., 1E-5) across all exposure pathways
and the cumulative noncarcinogenic risk standard at a hazard index of 1 for all exposure
pathways. All completed pathways must be included in cumulative risk calculations including
those pathways not addressed in 18 AAC 75.341 Table B1 and 18 AAC 75.345 Table C. Each
contaminant detected above one-tenth of the Tables B1 inhalation or ingestion or Table C
cleanup levels must be included in cumulative risk calculations.

However, according to 18 AAC 75.325(h), the state may also consider a risk standard consistent
with the range acceptable under the National Contingency Plan (40 C.F.R. 300.430, revised as of
July 1, 2002). This risk range applies to carcinogens only. The acceptable risk range is an
excess cancer risk to an individual of 1 in 10,000 (1E-4) to 1 in 1,000,000 (1E-6). Consideration
of the risk range is to be based on site-specific conditions, land use, hazardous substance
characteristics, statutory compliance, protection of human health, safety, and welfare, and the
environment, ability of cleanup to be implemented, long-term and short-term effectiveness, use
of treatment technologies, public comment, and cost.

An evaluation of the subsistence pathway (e.g., fish or plant consumption) was also included in
the Northeast Cape Risk Assessment (MWH, 2004). The cancer risk and noncancer hazard
estimates® associated with future consumption of fish harvested from either the Sugitughneq
River or a background location, the Tapisaghak River both exceeded the ADEC risk standards of
1E-5 for carcinogens and 1 for noncarcinogens. These results suggest that a significant portion
of the human health risk attributable to subsistence food use is associated with regional ambient
contamination. In addition, the estimated risks for both impacted and ambient areas include
extremely conservative exposure assumptions which tend to overestimate the potential for risk.
Arsenic was a primary risk driver for consumption of fish harvested from either impacted or
ambient locations at the Northeast Cape Installation. The source of arsenic in fish tissue samples

! The carcinogenic risk and noncarcinogenic hazard estimates for consumption of fish from the Sugitughneq River were
calculated as 9E-4 and 17, respectively. These risk estimates were attributable to the presence of arsenic, PAHs, and PCBs
(Aroclor-1254 and Aroclor-1260) in fish fillet samples. Carcinogenic risk and noncarcinogenic hazard estimates associated
with future consumption of fish harvested from a background location, the Tapisaghak River (Site 30), were calculated as 1E-
3and 19, respectively. These risk estimates were attributable to the presence of arsenic and PCBs (Aroclor-1254 and
Aroclor-1260) in fish fillet samples collected from the Tapisaghak River.
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collected from impacted and ambient locations is not certain, although high ambient levels of
arsenic are observed throughout Alaska (USGS, 1988). Elevated levels of arsenic have not been
documented in the sediments of the Sugitughneq River or Drainage Basin.

The risk assessment suggests that there is very little difference in risks associated with
subsistence consumption of fish harvested from impacted areas versus ambient locations®.
Furthermore, the potential risks associated with the subsistence pathway have been demonstrated
to be not significant based on a separate evaluation of the fish tissue data by the U.S. Department
of Health and Human Services, Agency for Toxic Substances Disease Registry (ATSDR) Health
Consultation (ASTDR, 2005). An assessment of persistent organic pollutants in reindeer on St.
Lawrence Island also concluded that that no health problems would be expected in individuals
consuming a diet containing large quantities® of reindeer meat and fat (ATSDR, 2001). Thus, the
subsistence pathway was not included in the cumulative risk calculations during the development
of alternative cleanup levels.

The Sugitughneq River is the current source of potable water for seasonal residents and visitors
to the Northeast Cape Installation. No carcinogenic chemicals of potential concern (COPCs)
were identified for water samples collected from the Sugitughneq River, and noncarcinogenic
hazard estimates were below ADEC’s point of departure criterion.

36 Calculation of Cleanup Levels

Based on site-specific conditions, exposure parameters and assumptions, alternate soil cleanup
levels (ACLs) were calculated for contaminants designated as chemicals of concern at various
areas of concern for the Northeast Cape site. ACLs for soil were developed using two different
scenarios. The State of Alaska considers all groundwater to be a potential future drinking water
source, unless certain conditions® are met. At Northeast Cape, most of the site is characterized
by native tundra vegetation, and the shallow groundwater found above the permafrost is unlikely
to be accessed as a viable future drinking water source. However, alternate cleanup levels based
on the migration to groundwater pathway were calculated to evaluate the feasibility of
performing additional remedial actions assuming some areas of shallow groundwater could be
consumed in the future. The community has expressed concerns that the most stringent cleanup
levels be applied site-wide based on future residential use, assuming a worst-case scenario for
potential drinking water sources. The feasibility study highlights the difference in volume of
contaminated soils calculated using the alternate cleanup levels. Under Scenario A, cleanup
levels were based on the completed exposure pathways from the human health risk assessment.
Scenario A assumes a potential future permanent resident may be exposed over a lifetime
through incidental ingestion of contaminated soil/sediment. Scenario A assumed drinking water
is obtained from non-contaminated sources such as the Sugitughneq River or the deep aquifer
near the Main Complex. Under Scenario B, soil cleanup levels were developed using site

2 However, concentrations of PCBs were (slightly) higher in fish tissue samples collected from the Sugitughneq River versus
the Tapisaghak River, and PAHs were detected in fish tissue samples collected from the Sugitughneq River but not in
samples collected from the Tapisaghak River.

% ATSDR Health Consultation assumed an individual would consume 1 kg (2.2 Ibs) of reindeer meat each day for 4 months of
the year.

18 AAC 75.350, (1) the groundwater is not used for a private or public drinking water system..., (2) the groundwater is not a
reasonably expected potential future source of drinking water... (3) the groundwater affected by the hazardous substance will
not be transported to groundwater that is a source of drinking water...
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specific information for the migration to groundwater pathway only. Scenario B assumes a
future permanent resident would consume groundwater impacted by contamination that has
migrated from contaminated soils to the water table. The primary COCs are petroleum
hydrocarbons (DRO and RRO) and polychlorinated biphenyls (PCBs). Other metals (lead) and
volatile organic compounds (VOCs) were also present at isolated locations.

3.6.1  Scenario A — Alternate Cleanup Levels for Soil

Under Scenario A, site-specific soil cleanup levels for the COCs at the Northeast Cape site were
calculated using the equations and assumptions for the future permanent resident exposure
scenario of the human health risk assessment (MWH, 2004). The alternate cleanup levels are
listed in Table 3-2. More detailed information on the input parameters, assumptions used, and
example equations is found in Appendix B, Tables B1, B2 and B3. The proposed DRO and
RRO alternate soil cleanup levels were calculated using the standard non-cancer risk assessment
equations, future residential exposure assumptions, the recommended toxicity values for each
petroleum fraction (e.g., C10-C25 aliphatics, C10-C25 aromatics, etc.). A total DRO or total
RRO concentration was then calculated using the default percentages of aromatics and aliphatics.
The lower concentration (e.g., aromatic) was divided by the corresponding aromatic default
percentage (e.g., 0.4) to derive the total DRO or RRO cleanup level. DRO and RRO are both
present at the site. The target hazard quotient was set at 1.0 for each fraction, per the Cumulative
Risk Guidance (ADEC, 2002), which states: “The potential risk from each petroleum fraction
must be calculated; however they are not included in a cumulative risk calculation with other
petroleum fractions or with other chemicals in the tables of chemicals of potential concern.”

Table 3-2. Scenario A Alternate Cleanup Levels for Soil at Northeast Cape
Maximum Site
Compound Concentration® ACL Source of HQ Cancer Risk
(ma/kg) ACL
(mg/kg)
Benzene 0.73 2 C - 1.0E-07
Ethylbenzene 3 21 C --- 1.0E-07
Naphthalene 191 120 NC 0.1
PCB-1260 (Aroclor 1260) 37 1 C,NC 0.5 3.0E-06
Cumulative Risk 0.6 3E-06
Diesel Range Organics 150,000 9,200 --
Diesel Range Organics, Aliphatic 120,000 9,158 1.0 --
Diesel Range Organics, Aromatic 60,000 3,663 1.0 --
Residual Range Organics 14,000 9,200 --
Residual Range Organics, Aliphatic 12,600 183,154 1.0 --
Residual Range Organics, Aromatic 4,200 2,747 1.0 --
Notes:

! Maximum concentration from all samples collected by USACE at Northeast Cape
ACL  Alternate Cleanup Level

BG Background, site-specific value for Northeast Cape

C Carcinogen, risk equations

EPA  US Environmental Protection Agency

HQ Hazard Quotient

NC Non carcinogen, risk equations
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3.6.2  Scenario B — ACLs based on the Migration to Groundwater Pathway

Alternate cleanup levels for petroleum hydrocarbons (e.g., diesel and residual range organics)
can also be derived using site-specific soil data and a simplified, conservative fate and transport
model. The model assumes contaminants within the soil column are transported to an underlying
aquifer that is used as a drinking water source. According to the ADEC “migration to
groundwater” means a potential exposure to hazardous substances in soil through direct ingestion
of groundwater contaminated with concentrations of hazardous substances at levels listed in
Table C at 18 AAC 75.345(b) (1) as a result of movement of hazardous substances through soil
to the groundwater. However, in order for the migration to groundwater pathway to apply at a
particular location, the groundwater must be a reasonably expected potential future source of
drinking water. The State of Alaska considers groundwater at a site to be a drinking water
source unless a demonstration is made that the groundwater is not a reasonably expected
potential future source of drinking water, based on an evaluation of:

e the availability of the groundwater as a drinking water source, including depth to
groundwater, the storativity and transmissivity of the aquifer, the presence of
permafrost, and other relevant information;

e actual or potential quality of the groundwater, including organic and inorganic
substances, and as affected by background, saltwater intrusion, and known or
existing area-wide contamination;

e other factors listed in 18 AAC 75.350

The risk equations for the migration to groundwater pathway presented in the Cleanup Levels
Guidance (ADEC, 2004) assume hydrocarbons are present in the soil environment in three
phases, the dissolved phase (i.e., within the soil pore water), vapor phase (i.e., dissolved into the
air in the soil pores), and adsorbed phase (i.e., sorbed onto soil particles). However, once the
petroleum concentration in the soil is above the soil saturation limit (Csat), there is a fourth
phase present. This fourth phase is liquid product or non-aqueous phase liquid (NAPL). The
soil saturation limit or concentration, Csat, for petroleum is relatively low, meaning equilibrium
will be reached in a relatively short period of time (e.g., months). Thus, most spills will have
four phases present.

The 3-phase model works well for pure products such as benzene or toluene, but not for mixtures
such as petroleum. The risk equations for the migration to groundwater pathway used by ADEC
(adopted from the USEPA Soil Screening Guidance) assume only three phases of petroleum
hydrocarbons are present. Since the equations ignore the presence of NAPL, the calculated
cleanup levels for petroleum are conservative by one or two or more orders of magnitude.

For actual releases, especially old releases (over six months to a year) and small releases (half
acre or less), the site migration to groundwater dynamics have essentially reached equilibrium
(providing the original source, e.g., leaking tank, has been removed). In these situations, it is
more accurate to simply measure any contamination in the groundwater or surface water instead
of using equations to calculate predicted water concentrations. Thus, the model calculations can
be improved by evaluating the actual groundwater concentrations. For those sites where
groundwater data indicates contamination has not migrated to the groundwater, alternative
cleanup levels calculated using the simplified model discussed herein are not appropriate.
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Since the source of contamination was site operations and spills that occurred over 30 years ago,
the system has likely reached a steady state or equilibrium. At the main complex, soil and
groundwater data were collected, thus modeling the migration to groundwater pathway using the
3-phase assumptions should not be performed. Instead, a more practical approach can be
employed, focusing on the current and future risk posed by the contaminants in each media, e.g.,
soil and groundwater ingestion.

The following default input parameters for the risk equations (3-phase model) may be modified
using site-specific data, according to the Guidance for Cleanup of Petroleum Contaminated Sites
(ADEC, 2000):

dry soil bulk density;

total soil porosity;

water-filled porosity;

air-filled porosity;

average soil moisture content;

fraction organic carbon of soil;

dilution factor;

aquifer hydraulic conductivity;

hydraulic gradient;

mixing zone gradient;

source length parallel to groundwater flow;

infiltration rate; and

aquifer thickness

At the Northeast Cape site, the following data were collected to use as input parameters in the
soil cleanup level equations:

= total organic carbon

= average soil moisture content (ASTM D2216)

= dry soil bulk density (ASTM D2167 TM)

= mean annual precipitation

The equations and input parameters are summarized in Table 3-3. The soil cleanup levels based
on the migration to groundwater pathway are most sensitive to the parameters fraction of organic
carbon (foc), infiltration rate (1), and dilution factor (DF). The soil characteristics at Northeast
Cape vary widely based on site location (e.g., gravel versus tundra). Total organic carbon
content (TOC) was measured at over 70 sampling locations. Table 3-4 summarizes the data used
to calculate the average fraction organic carbon and average soil moisture content by site. A
more detailed summary of all the site-specific and chemical-specific input parameters and the
equations used to derive the alternate soil cleanup levels can be found in Appendix B (see Tables
B4, B5 and B6).

The total organic carbon (TOC) data was segregated by site location (e.g., background, Site 7,
Main Complex, Site 31, etc.). TOC data was rejected if the sum of DRO and RRO exceeded
1,000 mg/kg, or biogenic analysis indicated fuels were present, based on recommendations in an
ADEC presentation Conducting Cleanups Under Methods Two and Three (May 2001). TOC
data was further segregated based on the unified soil classification system (USCS) types. The
background data were segregated into two categories based on the sample USCS classification,
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peat or tundra-like soil (PT, ML) and gravel or other soil (SM, GP, GM, GW, GP-GM). All
tundra or peat (PT, ML) data had indications of DRO+RRO greater than 1000 ppm. Therefore,
this data was not used in the calculations. However, laboratory interpretation of the sample
chromatograms indicated that the results were predominantly biogenic materials, and not
petroleum hydrocarbons. A total of 13 background samples were averaged to represent gravel
soil conditions. Only TOC data collected by the methods E415.1, SGS Laboratories, Inc.
standard operating procedure (based on E415.1), or SW9060 were included in the database.
TOC data by ASTM 2974 and Walkley-Black (measures organic matter) were excluded from the
dataset based on guidance from the ADEC.

Table 3-3. Soil/water partitioning equation for migration to groundwater

Soil cleanup level (mg/kg) =

Cw {(Koc ) + ( (6w + ©aH')/ pb )}

Symbol | Parameter/Definition Units Default Northeast Cape

Cw target soil leachate mg/L = (Groundwater Cleanup Level) * | chemical-specific
concentration (10 + DF), 10 is attenuation factor

Koc soil organic carbon/water L/kg chemical-specific chemical-specific
partition coefficient

foc fraction organic carbon in soil | g/g 0.001 (0.1%) Varies- See Table 3-4

pb dry soil bulk density kg/L 15 0.341 (tundra)

1.62 (gravel)

pS soil particle density kg/L 2.65 2.65

N total soil porosity Lpore/ 0.434 varies based on pb
=(1 - pb/ps) Lsoil

ow water-filled soil porosity Lwater/ 0.3 (30%) varies based on w
=w*pb Lsoil

Oa air-filled soil porosity Lair/Lsoil | 0.13 varies based on w
=(n - (w*ph))

W average soil moisture content | kgwater/ 0.2 (20%) varies —

kgsoil See Table 3-4

H' Henry's law constant Unitless chemical-specific chemical-specific

DF dilution factor Unitless 3.3 4.2
=1+((K*i*D)/(Inf*L))

K Hydraulic conductivity m/yr 876 876

i Hydraulic gradient m/m 0.002 0.002

D mixing zone depth m 5.50 4.77
=(0.0112L%%%+ da {1 - exp[(-
L*Inf)/(K*1*da)]}

Inf Infiltration m/yr 0.13 0.08
=1/5 * (mean + one standard
deviation of yearly rainfall)

L source length parallel to m 32 32
groundwater flow

d, Aquifer thickness m 10 10
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Table 3-4. Site-specific values for Total Organic Carbon and Average Soil Moisture Content
Site Average | Number | Average | Number | Notes
TOC of Moisture of
(mg/kg) | Samples | Content | Samples
(%)
Background (gravel) 10,500 13 8 11 |average SM,GP,GM,GW, GP-GM
Background (sediment) | 164,000 6 average DRO+RR0O<1000 ppm
Background (tundra) 185,200 8 average biogenic
Main Complex 3,200 7 0-10 ft average
Site 7 18,600 3 0-10 ft average
Site 31 5,900 9 Average, no diesel hits
Sediment (Site 28, 29) 54,800 6 Average, no diesel hits
average all data, gravel pads,
All Sites 8,100 31 DRO+RR0<1000 mg/kg, minus
max/min values, to 10 ft depth only

The site-specific soil alternate cleanup levels for total diesel range organics and total residual
range organics are summarized in Table 3-5. The cleanup levels vary significantly based on the
fract