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1.0  INTRODUCTION 

Pursuant to the Federal Facilities Agreement (FFA), the U.S. Navy, the U.S. Environmental 
Protection Agency (EPA), and the Alaska Department of Environmental Conservation (DEC) 
have agreed to a process for determining remedial actions for petroleum-release sites at the 
former Adak Naval Complex.  As specified in the record of decision (ROD) for Operable Unit A 
(OU A), upon discovery of a petroleum release, the subject site is to undergo evaluation to 
determine a final remedy under terms mutually agreed to by the Navy and the State of Alaska.  
The Navy and the Alaska DEC have agreed that the identification and selection of remedial 
actions, including applicable institutional controls, will follow the cleanup process established by 
Alaska State regulations. 

According to the Alaska State regulations, confirmed petroleum-release sites must undergo a 
process of investigation, remedy selection, and cleanup to achieve standards established in the 
Alaska DEC Oil and Other Hazardous Substances Pollution Control Regulations (18 Alaska 
Administrative Code [AAC] 75).  This process is outlined in the Alaska DEC Guidance on 
Decision Documentation Under the Site Cleanup Rules:  “18 AAC 75.325–18 AAC 75.390” 
(ADEC 1999a) and summarized in Figure 1-1.  The process includes performing the following 
activities, as appropriate:  site characterization activities, conducting interim removal actions, 
developing proposed cleanup levels, screening cleanup technologies, constructing cleanup 
alternatives, and implementing site cleanup.  The steps identified in this site investigation 
process that are addressed by this focused feasibility study (FFS) are indicated with bolded text 
in Figure 1-1. 

The petroleum release on the former Adak Naval Complex designated as Area 303 was identified 
during a U.S. Geological Survey (USGS) investigation to monitor the natural attenuation of 
petroleum in groundwater (USGS 2005).  This investigation identified petroleum-related 
chemicals in groundwater at concentrations above Alaska DEC groundwater cleanup levels 
established in 18 AAC 75 in an area (Area 303) thought to be unaffected by known petroleum 
releases. 

Institutional controls specified for the downtown area of Adak Island reduce the potential human 
exposure to these petroleum-related chemicals.  The institutional controls are implemented 
through the institutional control management plan (U.S. Navy 2005).  These institutional 
controls include:  land use restrictions, primarily restricted to areas designated for 
commercial/industrial use; equitable servitude that reserves specified rights and uses; notification 
to the Navy of intrusive soil excavation activities deeper than 2 feet; and groundwater restrictions 
that prohibit use of the downtown aquifer as a drinking water resource. 
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To evaluate remedial alternatives that can reduce concentrations of petroleum-related chemicals 
at Area 303, the Navy and Alaska DEC have agreed to conduct an FFS.  This report documents 
the results of that FFS.  The original FFS report was completed in 2008.  Concerns regarding 
human health risks from vapor intrusion prompted additional sampling of soil gas.  The new soil 
gas data were used in a supplemental human health risk assessment to evaluate the vapor 
intrusion pathway.  This revised FFS report integrates the results of the 2006 site investigation 
and 2010 soil vapor sampling and presents results of human health and ecological risk 
assessments conducted for the site.  These initial risk assessment activities were used to 
determine whether institutional controls are sufficient to protect human health and the 
environment while chemical concentrations are being reduced by natural processes, or whether 
remedial actions may be necessary at the site to reduce risks to acceptable levels.  The 
supplemental human health risk assessment was completed to better determine whether the 
recommendations of the 2008 FFS (monitored natural attenuation and institutional controls with 
free-phase product recovery) are still valid, or if a different preferred alternative may be 
appropriate to address potential vapor intrusion concerns. 

1.1 PURPOSE 

The purpose of this FFS is to document the process of identifying, developing, and evaluating 
remedial action alternatives, as necessary, for Area 303 and to support the selection of the most 
appropriate and feasible cleanup remedy that can be implemented at the earliest possible time.  
The remedial action alternatives developed for this FFS ensure that concentrations of petroleum-
related chemicals at the site pose no unacceptable risk to human health or the environment above 
target health goals.  Existing institutional controls are an integral part of the remedial action 
alternative.  Land use restrictions, excavation notification requirements, and groundwater 
restrictions limit the future types of activities that can be located at the site, thus controlling the 
nature and duration of the human exposure to petroleum-related chemicals at the site. 

1.2 OBJECTIVE 

The objective of this FFS is to provide decision makers sufficient information to select an 
appropriate, cost-effective remedial alternative for Area 303 that protects human health and the 
environment and that can be implemented at the earliest possible time.  This FFS was conducted 
to identify a preferred remedial alternative that will serve as the final remedy and comply with 
Alaska State Regulations (18 AAC 75.325 through 18 AAC 75.390). 

The alternative evaluation in the 1998 FFS for petroleum sites on Adak Island, as amended 
(URSG 1998 and 1999d), was used as the basis for the Area 303 alternative evaluation.  The 
criteria used to complete the alternative evaluation in the 1998 FFS, as amended, were based on 
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U.S. Environmental Protection Agency (EPA) guidance, which encompasses Alaska DEC 
guidance.  These nine criteria are the following: 

 Overall protection of human health and the environment 
 Compliance with regulations 
 Long-term effectiveness and permanence 
 Reduction of toxicity, mobility, or volume through active treatment 
 Short-term effectiveness 
 Implementability, suitability 
 Cost 
 State acceptance 
 Community acceptance 

State acceptance and community acceptance will be evaluated after public and state comments 
on the proposed cleanup actions are received.  The final selected remedial alternative will 
adequately protect human health and the environment at Area 303 while providing the Navy with 
an alternative that is implementable and practicable. 

1.3 REPORT ORGANIZATION 

This FFS report is organized as follows: 

 Section 2 presents a brief description of the site, including the physical and 
ecological setting, site history, proposed site reuse, environmental history, 
geology, and hydrogeology. 

 Section 3 summarizes the environmental site investigation activities that occurred 
during 2006.  In addition, the reader is referred to a new appendix that presents 
the 2010 soil vapor investigation activities. 

 Section 4 presents results of the 2006 site investigation activities, including a data 
usability summary and the nature and extent of petroleum contaminants released 
at the site based on comparisons to soil and groundwater criteria specified in 18 
AAC 75.  In addition, the reader is referred to a new appendix that presents the 
results of the 2010 soil vapor sampling results. 

 Section 5 presents results of the initial and supplemental human health risk 
assessments conducted for the site.  Results of the risk assessment are the basis 
for performing remedial actions at the site. 
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 Section 6 presents results of the ecological risk assessment conducted for the site.  
Results of the risk assessment are the basis for performing remedial actions at the 
site. 

 Section 7 presents the FFS regulatory framework and approach.  This includes a 
discussion of the regulatory history, the approach to performing the FFS, and the 
potential applicable or relevant and appropriate requirements (ARARs) that steer 
the remedial decision-making process for the site. 

 Section 8 discusses the development of remedial action objectives (RAOs). 

 Section 9 summarizes the identification, evaluation, and screening of remedial 
technologies that may be used to accomplish RAOs. 

 Section 10 presents the candidate remedial alternatives. 

 Section 11 presents a comparative evaluation of each candidate remedial 
alternative relative to the other alternatives. 

 Section 12 lists the documents referenced in this report. 
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2.0  SITE DESCRIPTION AND ENVIRONMENTAL HISTORY 

The petroleum-release site designated Area 303 is located in downtown Adak between the air 
terminal and the former high school building.  It is bounded by Airport Road to the north, Sandy 
Cove Housing area and the former high school building to the east, Eagle Bay Housing area and 
an unnamed dirt road to the south, and the air terminal to the west (Figure 2-1).  Area 303 
occupies approximately 23.8 acres that include disturbed commercial-industrial areas and open 
grass-covered areas.  The primary physical features at Area 303 include the following: 

 The former line crew building (Building T-2776), which is located at the northern 
limit of Area 303 along Airport Road 

 The General Communications, Inc. (GCI) Compound, which includes the GCI 
Building (Building 42352) and an associated long-distance telecommunications 
transmitter and receiver antenna, located within a fenced enclosure that is 
approximately centered within Area 303 

 The Main Road traversing the eastern portion of the site in a northeast-southwest 
direction 

 An underground utility corridor that contains former fuel transfer pipelines and 
traverses the site parallel and adjacent to Main Road 

2.1 LAND USE 

This section summarizes the historical land uses and proposed reuse for Area 303. 

2.1.1 Historical Land Use 

A review of Navy records revealed that land use within Area 303 was restricted to aviation or 
industrial purposes.  Maps of military facilities on Adak from 1946 identified the presence of an 
underground aviation gasoline distribution pipeline traversing the site.  A gasoline station 
(Building 2788) and motor pool structure were formerly located at this site in the vicinity of the 
GCI Compound (USACE 1946).  No evidence remains of these earlier buildings (URS 1995a).  
The date of installation for the GCI Compound is estimated to be between 1977 and 1987, based 
on a review of available aerial photographs. 
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2.1.2 Proposed Reuse 

Future land use at the Area 303 site west of Main Road is classified as commercial reuse by the 
Adak Reuse Corporation (Figure 2-2).  The Navy anticipates that the western portion of the site 
will continue to be used for commercial or industrial purposes.  Commercial activities must be 
planned, organized, and sited to mitigate impact on and buffer any adjacent noncommercial/ 
industrial lands (ARC 2000).  The eastern portion of the site between Main Road and the former 
high school building is designated for public facilities reuse.  This category is intended to 
provide for and protect areas of public lands or facilities for public uses.  Land use west of the 
site is designated for aviation reuse.  The intent of this category is to provide for aviation or 
aviation-related commercial/industrial activities.  The adjacent property to the northeast and 
southeast, consisting of the Sandy Cove and Eagle Bay Housing areas, is classified for residential 
or future residential reuse.  The intent of these categories is to serve the residential needs of the 
community (ARC 2000). 

2.2 PHYSICAL AND ECOLOGICAL SETTING 

The general topography of the site is relatively flat with surface drainage directed to the west.  
The ground surface at the site consists of the asphalt-paved Main Road, multiple small gravel-
covered lots in highly disturbed areas near existing structures, and an extensive level area 
covered with native grasses composing the less disturbed areas.  Elevations of the ground surface 
in this area are generally 26 to 30 feet above mean lower low water (MLLW). 

Grasses and other soft-stemmed plants dominate the native vegetation in the less-disturbed areas 
at the site.  These grasses provide high-quality habitat for wildlife.  Terrestrial invertebrates and 
songbirds, such as the Lapland longspur and snow bunting are present in the area.  The Norway 
rat is likely to forage on or around the site (USFWS 1995).  The highly disturbed portions of the 
site are of little value to wildlife because of the lack of significant vegetation and the high level 
of ground surface disturbance. 

The East Canal of the airport drainage ditch system, which is the closest surface water body, is 
an engineered diversionary structure designed to collect surface runoff from the airfield.  The 
only surface connection between the airport drainage ditch system and South Sweeper Creek was 
through pump turbines that isolated the drainage system from the creek.  The locations of the 
airport ditch system (including the East Canal) and South Sweeper Creek are shown in 
Figure 2-3. 
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2.3 ENVIRONMENTAL HISTORY 

This section discusses the environmental history for Area 303 and the surrounding petroleum-
release sites located immediately adjacent.  Historical sampling locations in the vicinity of 
Area 303 are presented on Figure 2-4. 

2.3.1 Area 303 

During 2002, the USGS evaluated the Navy’s groundwater monitoring program for OU A at the 
former Adak Naval Complex to determine how well the program was meeting the objectives 
specified in the ROD.  The Navy then asked the USGS to conduct a field investigation on Adak 
to obtain information that would be the basis to modify the existing monitoring program such 
that it would better monitor the effectiveness of natural attenuation processes.  The resulting field 
investigation was conducted during May and June 2003. 

As part of this investigation, the USGS collected groundwater samples using a Geoprobe sample 
collection method from 10 locations between the GCI Compound and the East Canal.  The 
chemical analyses conducted on these samples identified the presence of gasoline-range organics 
(GRO) at concentrations that greatly exceeded those obtained from the GCI source area.  The 
distribution of GRO concentrations in the primary aquifer beneath Area 303 caused the USGS to 
conclude that a second overlapping GRO plume existed in this area.  The USGS further stated 
that the second GRO plume was emanating from an unidentified source somewhere south or 
southwest of the GCI source area along Main Road (USGS 2005). 

In 2006, the Navy subsequently contracted with URS Group, Inc., to conduct this follow-on 
investigation in order to characterize the GRO release; evaluate the human health and ecological 
risks associated with the release; and present remedial alternatives in the FFS report.  Because of 
concerns about human health risks caused by vapor intrusion from volatile chemicals in the 
subsurface at Area 303, soil vapors were sampled in 2010 and a supplemental risk assessment 
was completed in 2011.  The supplemental risk assessment was completed to verify whether the 
2006 FFS report still provides decision makers sufficient information to select an appropriate, 
cost-effective remedial alternative that protects human health and the environment. 

2.3.2 GCI Compound, UST GCI-1 

This subsection summarizes the environmental history associated with the GCI Compound 
underground storage tank (UST) site, which is located near the center of Area 303. 

The Navy removed a UST, its associated piping, and dispenser from the GCI Compound site 
during 1995.  Free-phase petroleum product was observed in the excavation at the time of tank 
removal.  Free-product recovery was selected as an interim remedy for the GCI Compound site 
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in the ROD for OU A (U.S. Navy, USEPA, and ADEC 2000).  Passive-style product skimmers 
were used at this site to recover product when detected in measurable quantities.  Free product 
was recovered at the GCI Compound site to the maximum extent practicable following the 
requirements of the ROD for OU A and 18 AAC 75.325(f)(1)(B) (URS 2005a).  To further 
comply with the remediation process, the Navy evaluated additional alternative remedial options 
for the site.  Monitored natural attenuation with institutional controls was selected as the 
preferred final remedy for the GCI Compound site during 2005 (URS 2005a).  This remedy was 
implemented at the GCI Compound site during 2006. 

2.3.3 Telephone Exchange Building, UST 10324-A 

This subsection summarizes the environmental history associated with the Telephone Exchange 
Building (10324) UST site, which is located at the northeast boundary of Area 303. 

The Navy removed a UST and its associated piping from the Telephone Exchange Building site 
during 1995.  Free-phase petroleum product was not encountered at this site during tank removal 
and subsequent site characterization activities.  This site was designated for no further action in 
the ROD for OU A (U.S. Navy, USEPA, and ADEC 2000). 

2.3.4 Main Road Pipeline and Other Pipelines Traversing Area 303 

This subsection summarizes the environmental history associated with the three former 
petroleum pipelines that traverse Area 303.  The decommissioned Main Road pipeline is located 
underground along the west side of Main Road and was used to transfer jet petroleum No. 5 (JP-
5).  The decommissioned 4-inch-diameter diesel pipeline is located underground adjacent to the 
Main Road pipeline.  The decommissioned 8-inch-diameter aviation gasoline (AVGAS) pipeline 
is located underground on the east side of Main Road until it crosses Main Road in the northern 
portion of Area 303. 

During repair and replacement activities along the Main Road Pipeline prior to its 
decommissioning, several areas were detected with petroleum hydrocarbons in pipeline 
trenching.  A 1994 release investigation identified two areas along the pipeline containing 
petroleum-related chemicals in subsurface soils (URS 1994).  Free-phase petroleum product was 
not encountered at this site during the 1994 characterization activities.  This site was designated 
for limited groundwater monitoring in the ROD for OU A (U.S. Navy, USEPA, and ADEC 
2000).  Limited groundwater monitoring activities along the northern end of the pipeline (north 
of Airport Road) were discontinued in 2005 because concentrations of chemicals of concern 
(COCs) met endpoint criteria.  Monitoring activities along the southern end of the pipeline (south 
of South Sweeper Creek) are continuing (U.S. Navy 2011). 
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The AVGAS and the JP-5 pipelines were decommissioned in 2009.  The 2009 decommissioning 
activities included integrity testing using a vacuum test; removal of residual fuel from the pipes 
(draining and collection); cleaning of pipes using a vacuum system; pigging; grouting of pipes; 
removal of valves, totalizers, and other appurtenances; and capping (U.S. Navy 2009).  During 
the 2009 decommissioning effort, the contractor confirmed that the 4-inch-diameter diesel 
pipeline was previously decommissioned.  In addition the contractor confirmed that the 6-inch-
diameter AVGAS pipeline branch that crosses the southern portion of Area 303 from west to east 
was also decommissioned.  The dates of the previous decommissioning efforts are unknown. 

2.3.5 SWMU 62, New Housing Fuel Leak 

This subsection summarizes the environmental history associated with the solid waste 
management unit (SWMU) 62, New Housing Fuel Leak site, including Sandy Cove Housing and 
Eagle Bay Housing areas, which are located at the extreme northeast and southeast boundaries of 
Area 303, respectively. 

During 1988 and 1989, the Navy identified and repaired 21 fuel piping leaks at the New Housing 
Fuel Leak site.  Free-phase petroleum product was observed on the groundwater surface at 
several locations beneath this site.  A free-product recovery system was installed at this site that 
pumped groundwater to draw product into the recovery wells.  This system operated between 
October 1989 and May 2000, when it was determined to have met the negotiated product 
recovery endpoints and was shut down.  This system recovered an estimated 154,000 gallons of 
free product from multiple plumes during its 11-year operational life (URSG 1999c).  Free-
product recovery was selected as an interim remedy for the SWMU 62, New Housing Fuel Leak 
site in the ROD for OU A (U.S. Navy, USEPA, and ADEC 2000).  To further comply with the 
remediation process, the Navy evaluated additional alternative remedial options for the site.  
Institutional controls, free-product containment and passive recovery, surface soil excavation, 
and monitored natural attenuation for groundwater was selected as the preferred final remedy for 
the New Housing Fuel Leak site during 2006 (URS 2006b).  This remedy is scheduled to be 
implemented at the site during 2007. 

2.4 GEOLOGY AND HYDROGEOLOGY 

Prior to the military use of Adak Island during World War II, the western portion of the 
downtown area was occupied by a back beach lagoon.  The lagoon was separated from Kuluk 
Bay by a series of sand dunes.  The lagoon was filled with sand and rock by the military forces to 
construct the airfield.  The sand dunes were leveled to create the relatively flat area occupied by 
downtown Adak today.  Area 303 is believed to be situated near the eastern shoreline of the 
former lagoon, outside of the fill area. 
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During petroleum-related site investigations that have been conducted in the vicinity of Area 
303, numerous soil, groundwater, sediment, and surface water samples were collected over the 
period 1991 to 2006.  Figure 2-4 shows these historical sampling locations.  The geology and 
hydrogeology at the site are characterized by sandy soils derived from stream, wind, and wave 
action.  The subsurface soils have variable permeability and generally consist of sands and 
gravels with occasional layers of organic silt and clay.  The saturated sands typical in the 
downtown portion of Adak Island have a high water-bearing capacity.  The organic silts and 
clays have low water-bearing capacity and typically cause shallow water in the subsurface to 
pond above the primary aquifer as small perched groundwater zones. 

During 1994, the Navy conducted an extensive study of groundwater conditions on Adak Island.  
Results of this investigation were reported in the Final Groundwater Study Report, Operable 
Unit A (URS 1995b).  The groundwater study report concluded that groundwater in the main 
aquifer zone beneath the downtown area of Adak, and situated west of Main Road, flows 
generally west toward the East Canal of the airport ditch system (URS 1995b).  Figure 2-5 
presents the generalized groundwater flow in downtown Adak, including Area 303, as 
determined during the 1994 groundwater study.  The figure identifies a northwesterly component 
to groundwater flow in the northern portion of Area 303.  This magnitude of variability in flow 
direction is not uncommon and results from localized variability in groundwater elevations 
measured at that time.  The groundwater study goes on to conclude that although some seasonal 
variation in regional groundwater levels are observed in the downtown area, the general direction 
of groundwater flow does not vary seasonally.  In addition, the shallow groundwater flow pattern 
in the vicinity of the airfield is controlled by the water levels in the airport ditch, which fluctuate 
within a small range as a result of ditch pumping (URS 1995b). 

2.5 SURFACE WATER HYDROLOGY 

The closest surface water body in the vicinity of Area 303 is the East Canal of the airport ditch 
system.  A portion of the East Canal is located at the southwestern boundary of Area 303 
(Figure 2-3).  The airport ditch system, including the East Canal, was constructed to prevent 
runway flooding during high-water periods.  The East Canal is an engineered diversionary 
structure designed to collect surface runoff from the airfield and surrounding area and convey it 
from the airport runway area.  It parallels the north-south runway (Runway 18-36) and consists 
of a series of interconnected ditches.  The canal contains fresh water year round.  It generally has 
steeply sloped banks lined with tundra grass. 

The airport ditch system receives surface water and groundwater from a large portion of the 
downtown area, including the entire surface of Runway 18-36.  There are more than 7,500 linear 
feet of ditch within the East Canal, which receives water along its entire length through overland 
flow during rainfall events and through groundwater discharge.  Approximately 1,000 feet of the 
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East Canal potentially receive overland flow and groundwater discharge from Area 303.  If we 
assume overland flow and groundwater flux into the East Canal occur at a constant rate along its 
entire length, then approximately 13 percent of the total volume of water entering the ditch 
originates from the Area 303 site. 

Water in the East Canal flows through the cross-over canal (which is contained in underground 
culverts) into the West Canal, where it is transferred through turbine pumps into South Sweeper 
Creek.  This renders the airport ditch system (including the East Canal) an isolated, intrastate, 
and non-navigable waterway.  Because the engineered drainage canals of the airport ditch system 
are isolated from South Sweeper Creek and are not considered navigable waters of the United 
States, they do not fall under the jurisdiction of the Clean Water Act.  However, these surface 
water bodies are considered waters of the State of Alaska and are subject to the Alaska Water 
Quality Standards (18 AAC 70).  According to EPA ecological risk assessment guidance 
(USEPA 1998a), sound and explicit linkages between measures of effect and assessment 
endpoints are needed to identify an ecologically sensitive environment.  Given that the East 
Canal functions to collect surface runoff from the airfield and receives surface and groundwater 
from a large portion of the downtown area on Adak, and given that the airport ditch system is 
separated from South Sweeper Creek by turbine pumps, canals of the airport ditch system are not 
considered ecologically sensitive environments or high-quality habitat of significance. 

South Sweeper Creek, located approximately 4,000 feet along this transport pathway from Area 
303, is the closest downgradient water body that is considered navigable waters of the United 
States.  As such, it falls under the jurisdiction of the Clean Water Act.  South Sweeper Creek is 
also considered the closest ecological exposure point for aquatic organisms potentially exposed 
to petroleum-related chemicals that were released at the site and transported to the East Canal.  
South Sweeper Creek receives surface water and groundwater from approximately 30 percent of 
the Sweeper Cove drainage basin, including stormwater runoff collected by the airport drainage 
ditch system.  The outlet of South Sweeper Creek forms a sandy estuary where it empties into 
Sweeper Cove.  As a result of the cycling tides, saltwater periodically moves beneath the 
freshwater flow as a wedge along the bottom of the creek.  Salinity infiltration occurs in South 
Sweeper Creek and has been traced as far north as the mouth of Yakutat Creek, approximately 
4,500 feet upstream from Sweeper Cove (URSG 1999a). 

The stormwater conveyances in Area 303 consist primarily of ditches, culverts, catch basin 
inlets, manholes, and outlets.  In general, stormwater west of Main Road flows via ditches or, 
after percolating into soil, with groundwater toward the East Canal of the airport ditch system 
and ultimately to South Sweeper Creek (Ecology and Environment 1995). 
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3.0  FIELD INVESTIGATION ACTIVITIES AND METHODS 

This section describes the field activities and the methods used during May, June, and July 2006 
for the Area 303 site characterization.  The primary activities included a survey of the pipelines 
within Area 303, Geoprobe survey, surface soil sampling, subsurface soil sampling, monitoring 
well installations, and groundwater sampling.  Prior to any intrusive work, a utility locator 
subcontractor surveyed the area around each sampling location so that no buried utilities would 
be encountered.  Deviations from the project plan (URS 2006c) are described at the end of this 
section. 

3.1 MAIN ROAD PIPELINE INVESTIGATION 

Three pipelines are buried along Main Road within Area 303.  From the outset of this project, the 
8-inch-diameter AVGAS pipeline that runs parallel to Main Road through Area 303 (Figure 3-1) 
has been a suspected source of the GRO compounds.  The two other pipelines include a 4-inch-
diameter diesel pipeline and a 6-inch-diameter JP-5 pipeline (also known as the Main Road 
Pipeline).  However, these two pipelines are not considered potential sources of the GRO 
compounds.  Additional information was gathered regarding these three pipelines during the 
Area 303 investigation. 

None of these pipelines is active.  However, written documentation has not been located 
regarding the decommissioning of any of these pipelines.  Based on verbal communications with 
Bristol Environmental, fuel was most likely present in the AVGAS pipelines (Bristol 2007) prior 
to their decommissioning in 2009.  During the 1998/1999 timeframe, Bristol was contracted to 
decommission the 8-inch AVGAS pipeline and the 6-inch branch lines.  Bristol’s attempts to 
close these pipelines were halted after they determined that there was a significant amount of 
fuel in the pipelines, and the equipment to handle the fuel was not available on Adak. 

In 1994, a contractor removed valves from a valve pit near the old fuel pier, flushed piping with 
high-pressure air, and sealed the piping with cement grout (URS 1995c).  The report did not 
identify the specific piping that was addressed during these activities.  Since the 4-inch diesel 
pipeline most likely connected to this valve pit, it is possible that this pipeline was abandoned in 
place.  (Note that the 8-inch AVGAS pipeline also may have connected to this valve pit, and 
based on the information obtained from Bristol Environmental, the 8-inch AVGAS pipeline was 
not abandoned in 1994.)  Based on verbal communications with Bryan Cacharof (Aleut 
Enterprises 2005), the Navy pigged out the 6-inch JP-5 pipeline sometime in the 1998 to 2000 
time frame.  However, the contractor for this work has not been identified, and no documentation 
exists for this work.  Since the time frame for this work is about the same as the time frame for 
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Bristol’s work on the AVGAS pipeline and both pipelines run parallel to the main road, it is 
possible that the two pipelines were being confused. 

In May 2006 the utility locator (APS, Inc. of North Bend, Washington) accurately located the 
pipelines in Area 303 using a radio frequency transmitter and receiver (83 kHz).  Electrical 
induction and direct connection methods were used to trace the pipelines.  The electrical 
induction method involved setting the transmitter directly on the ground above the pipeline so 
that the receiver could detect a signal at the ground surface directly above the pipeline.  The 
direct connection method required connecting the transmitter to the pipelines that were accessed 
in aboveground valve boxes, while the receiver could detect a signal at the ground surface 
directly above the pipeline.  Figure 3-1 shows the locations of the pipelines within Area 303 
delineated during this field effort.  One pipeline that branches off the 8-inch AVGAS pipeline 
and was reportedly abandoned in place (U.S. Navy 1958) could not be traced, as shown on 
Figure 3-1. 

Generally the pipelines are buried approximately 4 to 5 feet below ground surface (bgs) in 
Area 303, based on the findings of the 2006 utility locator contractor.  One noted exception is the 
6-inch-diameter AVGAS pipeline where it may be buried approximately 10 feet bgs near the top 
of the bluff located 100 feet east of the air terminal building. 

The Navy decommissioned the 8-inch-diameter AVGAS pipeline and its branch pipelines in 
2009, as described in Section 2.3.4.  The results of the integrity testing that was conducted 
immediately prior to the decommissioning procedures indicated that sections of the 8-inch-
diamater AVGAS pipeline and its 6-inch-diameter branch were compromised and leaked.  Both 
of these pipeline sections are located in the northern portion of Area 303. 

3.2 GEOPROBE SURVEY 

Before any monitoring wells were installed, a Geoprobe survey was conducted to select locations 
for monitoring wells MW-303-22, MW-303-23, MW-303-24, MW-303-25, MW-303-33, 
MW-303-34, MW-303-35, and MW-303-36 (Figure 3-1). 

The goal of the Geoprobe survey was to identify the margin of the dissolved petroleum plume in 
groundwater and establish monitoring locations where groundwater does not contain petroleum 
hydrocarbons in excess of specific criteria.  During the survey, the lateral extent of the dissolved 
plume was defined based on a level equal to one-half (or less) of the screening level 
concentrations for GRO, diesel-range organics (DRO), benzene, toluene, ethylbenzene, and total 
xylenes (BTEX), and trimethylbenzene. 
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The groundwater screening levels to be used for decision-making purposes are the following: 

 GRO – 1,100 µg/L 
 DRO – 1,500 µg/L 
 Benzene – 5 µg/L 
 Ethylbenzene – 700 µg/L 
 Trimethylbenzene – 12 µg/L 
 Toluene – 1,000 µg/L 
 Total xylenes – 10,000 µg/L 

The direct-push drill rig was used for the first two Geoprobe locations at GP-303-25 (labeled as 
MW-303-25 on figures because a monitoring well is collocated there) and GP-303-24.  Because 
of the inadequacy of the direct-push unit to pound down the push rods, the remaining Geoprobe 
sampling locations were sampled using a combination of shallow augering, pounding a split 
spoon, and installing a temporary screen below the groundwater surface.  Augers were drilled 
down to 5 to 15 feet, and 24-inch-long split spoons were driven and removed to create a borehole 
into the saturated zone.  The borehole remained open while a 4-foot stainless steel screen was 
lowered into the borehole.  Then a groundwater sample was collected using a peristaltic pump 
and polyethylene tubing as described in the project plan. 

Geoprobe sampling was conducted in phases.  If contaminants in a groundwater sample from a 
Geoprobe location were in excess of one-half the screening criteria, then the next Geoprobe 
location was stepped out away from the plume 100 feet.  If a sample from a stepped-out location 
was less than one-half the screening criteria, the next Geoprobe location was stepped back 
toward the plume 50 feet.  The number of potential Geoprobe stepped-out locations was limited 
by the predetermined boundaries of Eagle Bay Housing, the high school building, Airport Road, 
the East Canal, and well HMW-303-12, as stated in the project plan.  A well was installed at the 
Geoprobe location with a concentration of less than half of the screening criteria and nearest the 
plume. 

Groundwater samples were collected from the primary aquifer at all Geoprobe locations.  No 
samples of water from a perched water-bearing zone were collected because the field crew did 
not encounter a saturated zone above lower permeability layers in any wells installed during 
continuous soil sampling.  There are a few isolated locations in the northeast portion of Area 303 
where perched water was found historically (i.e., MRP-MW3 and 03-708).  Most of the lower 
permeability layers present at the site are permeable enough to allow water to slowly migrate 
down through them. 
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Groundwater samples were sent for rush analyses (24-hour turnaround) to ARI in Tukwila, 
Washington for GRO, DRO, BTEX, and trimethylbenzenes.  The analytical results of the 
Geoprobe survey are summarized in Table 3-1.  These results were used to determine whether 
additional Geoprobe locations were necessary or monitoring wells could be installed. 

Wells were installed at the first Geoprobe location drilled at MW-303-25, MW-303-33, MW-
303-35, and MW-303-36, because chemical concentrations did not exceed one-half the screening 
levels.  Final placements for MW-303-22, MW-303-23, and MW-303-24 required step-out 
locations to delineate the edge of the plume (Figure 3-1).  For the series of Geoprobe locations to 
determine the placement of MW-303-23, the last Geoprobe location was a 100-foot step out 
because the previous location exceeded one-half of the screening level for benzene and it was the 
fourth and final phase.  Although the Geoprobe sample from location MW-303-34 contained 
benzene concentrations of 0.72 µg/L, slightly above one-half the screening level of 0.55 µg/L, 
Alaska DEC and the Navy agreed to install a well at this location because of the slight 
exceedance and a thick concrete pad to support airline traffic is present immediately west of that 
area.  At locations where a monitoring well was installed at a Geoprobe location, the location is 
labeled as a monitoring well.  For example, the Geoprobe location GP-303-24b is labeled MW-
303-24 on all figures because a monitoring well was installed at the same Geoprobe location.  
Monitoring wells were installed within a few feet of the same Geoprobe location and not at the 
exact point of the abandoned Geoprobe. 

While boring to depth to collect a groundwater sample, the field crew screened the soil collected 
from the continuous soil samples from each Geoprobe location.  Soil descriptions were recorded 
by the on-site geologist and subsequently used to create boring logs (Appendix A).  The crew 
also used the photoionization detector (PID) and sheen test to evaluate the presence of petroleum 
contaminants following the procedures in the project plan.  Soil screening results from the 
Geoprobe survey are included in the related boring logs in Appendix A.  No soil samples from 
Geoprobes were sent to the laboratory for chemical analyses. 

Each borehole created at each Geoprobe location was backfilled with hydrated bentonite chips to 
within 1 foot of the ground surface.  The remainder of the each boring was backfilled with native 
material and the ground surface was returned to natural conditions. 

The field crew surveyed Geoprobe locations using a Global Positioning System (GPS) unit. 

3.3 SURFACE SOIL SAMPLING 

Prior to the start of the drilling of any boreholes, surface soil samples (0 to 2 feet bgs) were 
collected from the 16 proposed well locations (MW-303-22 through MW-303-37) as planned in 
the sampling and analysis plan (URS 2006c).  Surface soil from each location was screened for 
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volatile organics and placed in sample containers for potential analyses for petroleum-related 
chemicals.  Because of the presence of compacted gravel present at 1 foot bgs at locations 
MW-303-32, MW-303-33, and MW-303-34, surface soil samples were collected from 0 to 1 foot 
bgs at these locations. 

Surface soil samples were collected at each location using a decontaminated hand auger and 
screened for volatile organics using a MiniRAE 2000 PID calibrated to 100 ppm isobutylene.  
The field crew collected soil from the auger and partially filled a clean Ziploc bag.  After at least 
10 minutes to allow headspace vapors to develop after sealing the bag, the PID sampling probe 
was inserted to a point about one-half the headspace depth to take a reading.  The highest meter 
reading was recorded.  While the headspace vapors were developing in the sealed bag, sample 
containers were filled with soil for potential laboratory analysis. 

Table 3-2 summarizes the results of the screening.  The readings ranged from 0.2 to 18.3 ppm.  
The plan stated that samples would be sent to the laboratory for analysis if a PID reading of 
100 ppm or higher was detected.  Because there was no PID reading of 100 ppm or higher, no 
soil samples were sent to the laboratory for analyses. 

3.4 SUBSURFACE SOIL SAMPLING 

Sixteen soil borings were drilled and completed as groundwater monitoring wells as outlined in 
the project plan.  Locations for eight of these wells were determined by the Geoprobe 
investigation, as discussed in Section 3.2.  Locations of these borings and the remaining eight 
locations (MW-303-26, MW-303-27, MW-303-28, MW-303-29, MW-303-30, MW-303-31, 
MW-303-32, and MW-303-37) are shown on Figure 3-1. 

Drilling and soil sampling of these borings were conducted following procedures described in 
Section 5.2.1 of the sampling and analysis plan (SAP) (URS 2006c). 

The first 3 to 5 feet of the well and Geoprobe borings were completed using hand tools to reduce 
the potential for drilling into an unknown buried utility.  At locations where hollow-stem augers 
were used to advance the borings, soil samples were collected by using a 3-inch-diameter by 
2-foot-long Dames and Moore split-spoon sampler advanced ahead of the auger tip.  At the two 
Geoprobe locations (GP-303-24 and GP-303-25), a 1-inch-diameter by 2-foot-long Lexan-lined 
drive spoon was used to collect soil samples.  The split-spoon samplers were decontaminated 
between each sampling interval.  All soil samples were logged for geology and field screened for 
the presence of petroleum hydrocarbons following procedures described in Section 5.1.1 of the 
SAP.  These data were recorded in the field notebook, and soil boring/monitoring well 
construction logs were prepared.  These logs are in included Appendix A. 
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Soil samples were obtained from the top of the organic-rich silt and clay (where present) that 
could potentially hold perched groundwater and at the surface of the primary groundwater unit 
and were submitted North Creek Analytical Laboratory for characterization of petroleum 
hydrocarbon constituents.  Two soil samples were collected from soil borings drilled at locations 
MW-303-22, MW-303-23, MW-303-24, MW-303-26, MW-303-27, MW-303-28, MW-303-29, 
MW-303-30, MW-303-31, MW-303-32, MW-303-33, and MW-303-35.  One soil sample was 
collected at these locations from the top of the organic-rich silt and clay, and the second soil 
sample was collected from the surface of the primary groundwater unit.  One soil sample was 
collected from soil borings drilled at locations MW-303-25, MW-303-34, MW-303-36, and 
MW-303-37.  These soil samples were collected from the surface of the primary groundwater 
unit.  According to the project plan, boring MW-303-25 was slated for two soil samples.  
However, the organic-rich silt unit was not present at this location and the water table was 
relatively shallow (approximately 11 feet bgs).  Therefore, only one sample from the surface of 
the primary groundwater unit was collected for submission.  A summary table of the soil samples 
is included as Table 3-3.  The analytical results from the subsurface soil sampling program are 
discussed in Section 4.3. 

3.5 MONITORING WELL INSTALLATIONS 

All of the monitoring wells installed in Area 303 (MW-303-22 to MW-303-37) were constructed 
of 2-inch-diameter, schedule 40 polyvinyl chloride (PVC) well casing with 2-inch-diameter 
schedule 40 PVC well screen.  Each well screen was 10 feet in length and placed to intercept the 
water (approximately 3 feet above and 7 feet below the water table).  The bottom of each well 
was capped with a 2-inch-diameter by 6-inch-length well point.  A 10/20 size silica sand pack 
was placed surrounding each well screen to approximately 1 foot above the top of the screened 
interval.  A bentonite seal was placed on top of the sand pack and hydrated.  Then a bentonite 
grout was mixed and the boring was completed to surface.  A majority of the wells were 
completed at the surface with aboveground steel casings.  However in areas of high traffic, a 
flush-mounted, water-tight, traffic-rated well cover centered in a concrete pad was used.  For 
those wells with aboveground completions, the wells were surrounded by a protective 8-inch-
diameter steel casing set in a concrete pad that measured approximately 2 feet square and 
6 inches thick.  The aboveground completions were protected by concrete-filled steel bollards 
equally spaced around the well.  The well construction details are included in the boring logs in 
Appendix A. 

Following the completion of the wells, a survey subcontractor surveyed the elevations of the top 
of casings to the nearest 0.01 foot and northings and eastings to the nearest 0.1 foot.  These data 
are presented in Appendix B and summarized in Section 4.4. 
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3.6 GROUNDWATER SAMPLING 

Groundwater samples were collected from 35 monitoring wells between May 19 and June 28, 
2006.  Samples were collected as outlined in the project plan for the 2006 assessment activities 
(URS 2006c). 

3.6.1 Monitoring Well Development 

All wells were developed subsequent to well installation and before groundwater sampling.  Well 
development occurred at least 24 hours after well installation to allow the annular seal to fully set 
up.  Development enhances the flow of groundwater from the formation into the well and grades 
the well filter pack to reduce sample turbidity. 

To develop the well, a bailer was used to surge the well and remove particulates.  After surging 
the well with a bailer, a 12-volt submersible pump was used to pump the well to monitor the 
water quality parameters.  The Horiba Model U-22, set up with a flow-through cell, was used to 
monitor pH, specific conductance, turbidity, dissolved oxygen (DO), temperature, salinity, and 
oxidation-reduction potential (ORP).  Readings were recorded every 5 minutes, and the well was 
considered adequately purged when the field parameters had stabilized to within 10 percent for 
temperature, specific conductance, salinity, turbidity and dissolved oxygen and to within 0.1 
standard unit for pH.  Stabilization was achieved when three successive measurements for each 
of the parameters were within the specified criteria.  At least 10 casing volumes were purged 
during the well development process. 

3.6.2 Pre-sample Well Purging 

Pre-sample well purging was conducted at least 24 hours after the completion of well 
development.  A low-flow peristaltic pump was set up to in take water at the midpoint of the 
water column.  Single-use tubing was used for both purging and sampling.  The wells were 
purged at an average pump rate of 300 mL/min and no-flow rates exceeded 400 mL/min.  The 
depth to water was continually monitored throughout pumping processes to detect any low-
producing wells. 

A Horiba Model U-22, with a flow-through cell, was used to monitor field parameters.  Meter 
calibration was performed using a standard solution for pH, specific conductance, and turbidity 
each day before sample collection, and the standard solution readings were reverified after the 
last sample was taken for each day.  PH, specific conductance, turbidity, dissolved oxygen, 
temperature, salinity, oxidation reduction potential, flow rate, and depth to water were measured 
and recorded every 3 minutes.  The well was considered adequately purged and stabilized when 
three consecutive readings were within a specified range of the previous measurement.  The 
range for each water quality parameter is as follows:  +/− 0.1 standard unit for pH, +/− 3 percent 
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specific conductance, +/− 10 percent turbidity, +/− 0.3 mg/L dissolved oxygen, +/− 0.5 degrees 
Celsius, +/− 3 percent salinity, and +/− 10 percent oxidation reduction potential.  When these 
qualifications were met, the well was considered stabilized, and the well was ready to be 
sampled.  No wells failed to stabilize. 

3.6.3 Groundwater Sample Collection 

Following water quality parameter stabilization, the flow-through cell was bypassed and water 
samples were collected.  Approved and pre-preserved laboratory containers were filled with 
water in accordance with standard operating procedures in the project plan (URS 2006c), and 
placed on ice in coolers until they were sent to the laboratory for analysis.  Immediately 
following sample collection, additional water was obtained and analyzed in the field for 
dissolved oxygen, dissolved carbon dioxide, and ferrous iron using CHEMetrics test kits.  Three 
days was the maximum period of time between sample collection and shipment to the laboratory.  
Temperature blanks were included in each cooler, and chain-of-custody procedures were 
followed.  A summary of the groundwater samples is included in Table 3-4.  The analytical 
results are discussed in Section 4.6. 

3.7 DEVIATIONS FROM THE PROJECT PLAN 

Based on the requirements of the SAP (URS 2006c), the field crew reported deviations from the 
SAP during the 2006 sampling event.  Justification for these deviations is summarized in this 
section.  Sampling deviation forms that were recorded during field work are provided in 
Appendix C. 

Well MW-102-4 was scheduled to be sampled during the field effort.  However, it was 
discovered that MW-102-4 no longer existed.  Well HMW-102-8 was sampled as a substitute 
because it was the nearest well to the intended location.  There was no deviation to the standard 
collection procedures or planned analytical suite. 

Well MRP-MW4 was scheduled to be sampled during the field effort.  However, the lower 
portion of the well casing was filled with soil.  The field team attempted to flush out the soil, and 
it was later determined that the casing near the ground surface was broken.  Therefore, the well 
could not be sampled according to the procedures outlined in the SAP (URS 2006c).  Three other 
wells scheduled to be sampled that were within approximately 100 feet of MRP-MW4 and 
located northeast, northwest, and southwest of MRP-MW4 were sampled instead. 

The final project plan outlined that direct-push soil and groundwater samples were to be 
collected using the Geoprobe rig at eight selected locations in Area 303.  Sampling at the first 
two locations, GP-303-24 and GP-303-25, was attempted using the Geoprobe, but completions 
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expended four times the projected labor hours.  Therefore, at the remaining Geoprobe locations, 
an auger rig was used to drill, obtain soil samples for field screening, and collect groundwater 
samples.  Groundwater was sampled using a well screen in the drilled boring, rather than by 
Geoprobe.  The cavity was filled according to procedures outlined for Geoprobe abandonment in 
the SAP (URS 2006c). 

3.8 2010 SOIL VAPOR SAMPLING 

In 2010, soil vapor samples were collected from nine soil vapor probes from three locations (four 
probes placed at different intervals at two locations and one shallow vapor probe at one location) 
to assess the human health risks to vapor intrusion at Area 303.  Appendix A of the Supplemental 
Risk Assessment in Appendix L describes the field activities and related methods for the soil 
vapor sampling. 
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Table 3-1 
Analytical Results for Groundwater Samples From the Geoprobe Survey, Area 303

Location 
Date 

Collected 
Benzene
(µg/L) 

Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

m,p-
Xylene 
(µg/L) 

o-Xylene
(µg/L) 

1,2,4-
Trimethyl-

benzene 
(µg/L) 

1,3,5-
Trimethyl-

benzene 
(µg/L) 

GRO 
(mg/L) 

DRO 
(mg/L) 

Screening Levels NA 5 1,000 700 10,000 combined 12 12 1.1 1.5 
One-Half Screening 
Levels NA  2.5 500 350 5,000 combined 6 6 0.55 0.75 
GP-303-22 6 /10/06 26 2.4 1 40 860 130 200 480 28 0.55 
GP-303-22a 6/14/06 0.25 U 1.6 1.8 0.50 U 0.30 43 31 4.8 0.46 
GP-303-22c 6/21/06 0.25 U 4.9 4.5 0.50 U 0.96 42 37 6.8 2.2 
GP-303-22b 
(MW-303-22) 6/21/06 0.25 U 0.25 U 0.25 U 0.50 U 0.25 U 0.25 U 0.25 U 0.10 U 0.25 U 
GP-303-23 6 /10/06 83 1,500 1,800 3,400 1,700 180 360 60 0.56 
GP-303-23a 6/ 14/06 12 U 40 1,200 4,000 1,300 650 300 78 1.9 
GP-303-23b 6/14/06 0.25 U 10 J 7.6 J 1.3 J 1.4 J 2.4 J 5.8 J 5.8 0.40 
GP-303-23c 
(MW-303-23) 6/17/06 0.25 U 0.25 U 0.25 U 0.50 U 0.25 U 0.25 U 0.25 U 0.10 U 0.25 U 
GP-303-24 6/9/06 0.25 U 0.25 U 0.25 U 0.50 U 0.25 U 0.25 U 0.25 U 0.88 0.25 U 
GP-303-24a 6/14/06 0.25 U 0.25 U 0.43 1.7 0.73 2.0 0.43 0.14 0.25 U 
GP-303-24b 
(MW-303-24) 6/17/06 0.25 U 0.25 U 0.25 U 0.50 U 0.25 U 0.25 U 0.25 U 0.1 0.25 U 
GP-303-25 
(MW-303-25) 6/9/06 0.25 U 0.25 U 0.25 U 0.50 0.25 U 0.25 U 0.25 U 0.10 U 0.25 U 
GP-303-33 
(MW-303-33) 6/11/06 0.25 U 0.27 0.25 U 0.78 0.25 U 0.61 0.53 0.11 0.27 
GP-303-34 
(MW-303-34) 6 /10/06 2.1 1.2 2.1 8.2 2.4 1.4 2.9 0.72a 0.25 U 
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Table 3-1 (Continued) 
Analytical Results for Groundwater Samples From the Geoprobe Survey, Area 303 

 

Location 
Date 

Collected 
Benzene
(µg/L) 

Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

m,p-
Xylene 
(µg/L) 

o-Xylene
(µg/L) 

1,2,4-
Trimethyl-

benzene 
(µg/L) 

1,3,5-
Trimethyl-

benzene 
(µg/L) 

GRO 
(mg/L) 

DRO 
(mg/L) 

GP-303-35 
(MW-303-35) 6/10/06 0.25 U 0.25 U 0.25 U 0.50 U 0.25 U 0.25 U 0.25 U 0.10 U 0.25 U 
GP-303-36 
(MW-303-36) 6/10/06 0.25 U 0.25 U 0.25 U 0.50 U 0.25 U 0.25 U 0.25 U 0.10 U 0.25 U 
aAlaska DEC and the Navy agreed to install a well at this location because the exceedance was slight and a thick concrete pad to support airline traffic is present 
 immediately west of this area. 

Notes: 
Bolded font indicate that the result exceed one-half the screening level. 
DRO - diesel-range organics 
GRO - gasoline-range organics 
J - estimated concentration 
U - Compound was analyzed for but not detected above the reporting limit shown. 
µg/L - microgram per liter 
mg/L - milligram per liter 
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Table 3-2 
Field Screening Results of Surface Soil Sampling, Area 303 

Location 
Depth Interval 

(feet bgs) 
PID Reading 

(ppm) 
GP-303-22a 0- 2 0.3 
GP-303-23a 0- 2 18.3 
GP-303-24a 0- 2 0.7 
MW-303-25 0 -2 1.5 
MW-303-26 0 -2 0.9 
MW-303-27 0 -2 0.2 
MW-303-28 0 -1 1.1 
MW-303-28 1 -2 0.7 
MW-303-29 0 -2 0.2 
MW-303-30 0 -1 0.4 
MW-303-30 1 -2 0.6 
MW-303-31 0 -1 0.5 
MW-303-31 1 -2 0.7 
MW-303-32 0 -1 0.7 
MW-303-33 0 -1 0.9 
MW-303-34 0 -1 0.6 
MW-303-35 0 -1 1.0 
MW-303-35 1 -2 0.7 
MW-303-36 0 -2 1.1 
MW-303-37 0 -2 0.6 

aThese locations were originally identified as potential monitoring well locations.  Final monitoring well locations 
 were moved to the edge of the plume after the results from these Geoprobe locations indicated groundwater  
 contamination. 

Notes: 
bgs - below ground surface 
PID - photoionization detector 
ppm - parts per million 
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Table 3-3 
Area 303 Subsurface Soil Sample Summary

Location 
Site ID/ 

Location ID 

Sample 
Interval 
Depth 
(ft bgs) 

Sample 
Number 

GRO 
(AK 101.0) 

BTEX, EDB, 
1,2-DCA and 
Trimethyl-

benzene 
(EPA 8260B) 

Aliphatic 
Aromatic GRO

(VPH) 
DRO 

(AK 102.0) 

Aliphatic 
Aromatic DRO 

(EPH) 
RRO 

(AK 103.0) 

PAH 
Compounds 
(EPA 8270C- 

SIM) 

Total 
Lead 

(EPA 6020)

MW-303-22 DOWNT OWN/ 
822 

14 - 15 231839 1 1  1  1 1 1 
24 - 25 231840 1 1  1  1 1 1 

MW-303-23 DOWNT OWN/ 
823 

16 - 17 231828 1 1  1  1 1 1 
25 - 26 231829 1 1  1  1 1 1 

MW-303-24 DOWNT OWN/ 
824 

15.5 – 16.5 231826 1 1  1  1 1 1 
25 - 26 231827 1 1  1  1 1 1 

MW-303-25 DOWNT OWN/ 
825 9 - 10 231825 1 1  1  1 1 1 

MW-303-26 DOWNT OWN/ 
826 

16 - 17 231798 1 1  1  1 1 1 
16 - 17 231799 1 1  1  1 1 1 
21 - 22 231800 1 1  1  1 1 1 

MW-303-27 DOWNT OWN/ 
827 

14 - 15 231804 1 1 1 1 1 1 1 1 
24 - 25 231805 1 1 1 1 1 1 1 1 

MW-303-28 DOWNT OWN/ 
828 

7 - 9 231815 1 1  1  1 1 1 
26 - 27 231816 1 1  1  1 1 1 

MW-303-29 DOWNT OWN/ 
829 

16.5 - 17 231820 1 1 1 1 1 1 1 1 
25 - 26 231821 1 1 1 1 1 1 1 1 
25 - 26 231822 1 1  1  1 1 1 

MW-303-30 DOWNT OWN/ 
830 

15.5 – 16.5 231835 1 1 1 1 1 1 1 1 
24 - 25 231836 1 1 1 1 1 1 1 1 
24 - 25 231837 1 1 1 1 1 1 1 1 

MW-303-31 DOWNT OWN/ 
831 

18 - 19 231833 1 1 1 1 1 1 1 1 
25 - 26 231834 1 1 1 1 1 1 1 1 

MW-303-32 DOWNT OWN/ 
832 

15.5 - 16 231796 1 1  1  1 1 1 
21 – 21.5 231797 1 1  1  1 1 1 
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Table 3-3 (Continued) 
Area 303 Subsurface Soil Sample Summary 

 

Location 
Site ID/ 

Location ID 

Sample 
Interval 
Depth 
(ft bgs) 

Sample 
Number 

GRO 
(AK 101.0) 

BTEX, EDB, 
1,2-DCA and 
Trimethyl-

benzene 
(EPA 8260B) 

Aliphatic 
Aromatic GRO

(VPH) 
DRO 

(AK 102.0) 

Aliphatic 
Aromatic DRO 

(EPH) 
RRO 

(AK 103.0) 

PAH 
Compounds 
(EPA 8270C- 

SIM) 

Total 
Lead 

(EPA 6020)

MW-303-33 DOWNT OWN/ 
833 

12 - 13 231813 1 1  1  1 1 1 
19 - 20 231814 1 1  1  1 1 1 

MW-303-34 DOWNT OWN/ 
834 11 - 12 231806 1 1  1  1 1 1 

MW-303-35 DOWNT OWN/ 
835 

7.5 - 8 231807 1 1  1  1 1 1 
9.5 - 10 231808 1 1  1  1 1 1 

MW-303-36 DOWNT OWN/ 
836 9.5 – 10.5 231809 1 1  1  1 1 1 

MW-303-37 DOWNT OWN/ 
837 9 - 10 231823 1 1 1 1 1 1 1 1 

 
Notes: 
AK - Alaska 
BTEX - benzene, toluene, ethylbenzene, and total xylenes 
DCA - dichloroethane 
DRO - diesel-range organics 
EDB - 1,2-dibromoethane (ethylene dibromide) 
EPA - U.S. Environmental Protection Agency 
EPH - extractable petroleum hydrocarbon method 
ft bgs - foot below ground surface 
GRO - gasoline-range organics 
PAH - polycyclic aromatic hydrocarbons 
RRO - residual-range organics 
SIM - selected ion monitoring 
VPH - volatile petroleum hydrocarbon 
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Table 3-4 
Area 303 Groundwater Samples Summary

Location 
Cross-

Reference 
Site ID/ 

Location ID 
Sample 
Number 

GRO 
(AK 101.0) 

BTEX, EDB, 
1,2-DCA, and  

Trimethylbenzene
(EPA 8260B) 

Aliphatic 
Aromatic GRO

(VPH) 
DRO 

(AK 102.0) 

Aliphatic 
Aromatic DRO

(EPH) 

PAH 
(EPA 8270C- 

SIM) 

Total and 
Dissolved 

Lead 
(EPA 6020B) NAPs 

HMW-102-7 DOWNT OWN/766 231903 1 1  1  1 1 1  
HMW-102-10 DOWNT OWN/769 231899 1 1  1  1 1 1  
HMW-303-5 DOWNT OWN/575 231902 1 1  1  1 1 1  
HMW-303-6 DOWNT OWN/576 231887 1 1  1  1 1 1  
HMW-303-11 DOWNT OWN/581 231907 1 1 1 1 1 1 1 1  
HMW-303-12 DOWNT OWN/582 231894 1 1  1  1 1 1  
MRP-MW1 DOWNT OWN/750 231892 1 1  1  1 1 1  
MRP-MW2 DOWNT OWN/751 231904 1 1 1 1 1 1 1 1  
MRP-MW9 M DP/109 231886 1 1  1  1 1 1  
HMW-102-8 DOWNT OWN/767 231909 1 1 1 1 1 1 1 1  
03-012 DOWNT OWN/12 231897 1 1  1  1 1 1  
03-107 DOWNT OWN/107 231901 1 1  1  1 1 1  
03-562 DOWNT OWN/562 231898 1 1  1  1 1 1  
03-895 DOWNT OWN/895 231893 1 1  1  1 1 1  
04-210 E -RWAY/210 231890 1 1 1 1 1 1 1 1  

231891 1 1  1  1 1 1  
04-211 E -RWAY/211 231889 1 1  1  1 1 1  
04-213 E -RWAY/213 231900 1 1  1  1 1 1  
03-104 DOWNT OWN/104 231888 1 1  1  1 1 1 
03-105 DOWNT OWN/105 231896 1 1  1  1 1 1 
MW-303-22 DOWNT OWN/822 231947 1 1  1  1 1 1  
MW-303-23 DOWNT OWN/823 231943 1 1  1  1 1 1  
MW-303-24 DOWNT OWN/824 231942 1 1  1  1 1 1  
MW-303-25 DOWNT OWN/825 231941 1 1  1  1 1 1  
MW-303-26 DOWNT OWN/826 231938 1 1  1  1 1 1  



FINAL FFS REPORT, REVISION 1 Section 3.0  
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 3-19 
Delivery Order 0007 

Table 3-4 (Continued) 
Area 303 Groundwater Samples Summary 

 

Location 
Cross-

Reference 
Site ID/ 

Location ID 
Sample 
Number 

GRO 
(AK 101.0) 

BTEX, EDB, 
1,2-DCA, and  

Trimethylbenzene
(EPA 8260B) 

Aliphatic 
Aromatic GRO

(VPH) 
DRO 

(AK 102.0) 

Aliphatic 
Aromatic DRO

(EPH) 

PAH 
(EPA 8270C- 

SIM) 

Total and 
Dissolved 

Lead 
(EPA 6020B) NAPs 

MW-303-27 DOWNT OWN/827 231949 1 1 1 1 1 1 1 1  
MW-303-28 DOWNT OWN/828 231944 1 1  1  1 1 1  
MW-303-29 DOWNT OWN/829 231952 1 1 1 1 1 1 1 1  
MW-303-30 DOWNT OWN/830 231950 1 1 1 1 1 1 1 1  

231951 1 1 1 1 1 1 1 1  
MW-303-31 DOWNT OWN/831 231953 1 1 1 1 1 1 1 1  
MW-303-32 DOWNT OWN/832 231934 1 1  1  1 1 1  
MW-303-33 DOWNT OWN/833 231946 1 1  1  1 1 1  
MW-303-34 DOWNT OWN/834 231918 1 1  1  1 1 1  
MW-303-35 DOWNT OWN/835 231919 1 1  1  1 1 1  
MW-303-36 DOWNT OWN/836 231920 1 1  1  1 1 1  
MW-303-37 DOWNT OWN/837 231948 1 1 1 1 1 1 1 1  

Notes: 
AK - Alaska 
BTEX - benzene, toluene, ethylbenzene, and total xylenes 
DCA - dichloroethane 
DRO - diesel-range organics 
EDB - 1,2-dibromoethane (ethylene dibromide) 
EPA - U.S. Environmental Protection Agency 
GRO - gasoline-range organics 
NAPs - natural attenuation parameters 
PAH - polycyclic aromatic hydrocarbons 
SIM - selected ion monitoring 
VPH - volatile petroleum hydrocarbon 
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4.0  RESULTS OF SITE CHARACTERIZATION ACTIVITIES 

This section presents results of the site characterization activities conducted at Area 303 from 
May through July 2006.  The results of the additional 2010 site investigation (soil vapor 
sampling) are detailed in the supplemental risk assessment (Appendix L). 

4.1 DATA USABILITY 

Soil and groundwater samples were submitted under chain-of-custody documentation to 
TestAmerica-Seattle (TA) located in Bothell, Washington, and Analytical Resources, Inc. (ARI) 
located in Tukwila, Washington.  Selected groundwater samples were subcontracted by TA to 
Air Toxics, Ltd. (ATL), located in Folsom, California, for dissolved methane analysis. 

4.1.1 Quality Assurance and Analytical Methods 

Soil and groundwater samples were collected between May and July 2006, and analyzed for 
chemical constituents as described in project plan for the 2006 assessment activities (URS 
2006c).  Analytical results are summarized in Appendices E (soil) and F (groundwater). 

The laboratories provided fully validatable data packages for all analytical results.  All analytical 
results were reviewed by Luce and Associates, located in Waco, Texas.  Sample analyses and 
data validation were performed as described in the quality assurance project plan (QAPP) 
included in the project plan (URS 2006c). 

4.1.2 Data Quality Objectives Assessment 

All analytical results for soils and groundwater were considered usable for project objectives.  
One or more analytes were qualified as estimated (J or UJ) based on the data review.  However, 
the qualified data are acceptable and usable for all aspects of the site assessment.  Multiple 
results for several analytes were reported because of reanalysis or dilution.  The most appropriate 
result was carried through the process for data evaluation.  Therefore, the remaining (unused) 
results for these analytes were rejected.  In all cases, the rejected data were not indicative of poor 
or unreliable data quality.  A more detailed discussion of data usability is presented in Appendix 
D of this report.  Data validation reports and laboratory summary data reports are included on the 
compact disk attached to the back cover of this document. 
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4.2 SITE-SPECIFIC GEOLOGY 

Boring logs generated during site characterization activities at Area 303 and additional 
surrounding petroleum-release sites were reviewed to better understand subsurface conditions.  
Subsurface soils encountered during drilling consisted of predominantly fine- to coarse-grained 
sand with some silt to the maximum depth explored.  Layers of lower permeability material such 
as organic silt and clay were also encountered within the sand at several locations.  These layers 
are believed to represent the position of either the former lagoon bottom, or small lakes that 
occurred within low-lying areas between the sand dunes that were present in the downtown area 
prior to military arrival on Adak.  These lower permeability layers retard the downward 
percolation of groundwater, which may result in localized zones of perched groundwater.  
Perched groundwater may drain down through these layers or may drain off these layers 
following a preferential pathway determined by the orientation of the upper surface of the silt 
and clay.  Figure 4-1 shows an interpretation of the lateral extent of these lower permeability 
layers based on the boring log review. 

Three lower permeability layers were identified within Area 303.  The largest of these layers 
exists in the central and northern portions of Area 303 and lies beneath more than half of the site.  
Two smaller layers were identified in the southeastern portion of Area 303 near Eagle Bay 
Housing. 

The elevations of the surface of these layers are shown on Figure 4-2.  Elevations of the surface 
of the largest of these layers range from approximately 23 feet mean sea level (msl) in well 04-
202 to 8 feet msl in well 04-187.  The surface of this layer slopes away from the two highest 
elevations on the layer’s surface at 04-202 and MRP-MW2, as shown on Figure 4-2.  The two 
smaller layers appear to be slightly sloped.  The smallest and shallowest layer appears to slope to 
the south, with a surface elevation of approximately 25 to 24.5 feet msl.  The layer that lies 
below the smallest layer has a surface elevation of 21 to 22.5 feet msl and slopes to the southeast. 

Three cross sections of Area 303 are shown on Figures 4-3, 4-4, and 4-5 and the lines of section 
are shown in Figure 4-1.  The approximate extent, depths, and thicknesses of the three lower 
permeability layers can be observed in these cross sections.  The largest of these layers was 
encountered in the subsurface between 7 and 17 feet bgs over a large portion of the site and 
varies in observed continuous thickness from 1 to 4 feet.  A zone of silty layers from 7 to 15 feet 
bgs below MRP-MW2 is sufficient to cause perched groundwater, as shown in cross section A to 
A' (Figure 4-3).  The two smaller, lower permeability layers are shown in cross sections B to B' 
(Figure 4-4) and C to C' (Figure 4-5).  The surface of the smallest lower permeability layer was 
encountered between 5 to 5.5 feet bgs with an observed thickness of 1 to 2 feet.  The surface of 
the underlying layer was encountered between 7.5 and 9 feet bgs with an observed thickness of 
0.5 to 1.5 feet.  It should be noted that a shallow layer of cobbles is present above the smallest 
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lower permeability layer at GP-303-23 and appears to be continuous through GP-303-23b, as 
shown in cross section B to B' (Figure 4-4). 

The natural variability exhibited by the upper surface of these less permeable layers that 
determines the preferential flow pathways for perched groundwater cannot be identified with any 
certainty.  However, perched groundwater will generally migrate through the less permeable 
layers, as well as flow across these surfaces from topographic highs toward topographic lows 
until it cascades off the edges of these fine-grained layers into the primary aquifer below. 

No perched groundwater was encountered during drilling at Area 303 in 2006.  Perched 
groundwater is present in well MRP-MW3, which was installed in 1992 and is directly adjacent 
to MRP-MW2 in the northeast portion of Area 303.  Perched groundwater was also detected in a 
former well 03-708 located approximately 125 feet west-northwest of MRP-MW3 (Figure 2-4).  
Therefore, the extent of the perched groundwater in Area 303 is limited.  Of the 29 times that 
groundwater levels were recorded in MRP-MW3, no free product was reported.  Similarly, no 
free product was present in well 03-708 during the four times groundwater levels were measured 
in this well in 1997.  The depth to the perched water ranged from approximately 2 to 5 feet bgs. 

4.3 RESULTS OF CHEMICAL ANALYSES ON SOIL SAMPLES 

This section presents the results of chemical analyses conducted on soil samples collected at 
Area 303 during 2006.  Chemical analyses were conducted on 28 soil samples collected from 16 
locations at the site.  Samples were analyzed for concentrations of GRO, DRO, residual-range 
organics (RRO), selected volatile organic compounds (VOCs), aliphatic and aromatic petroleum 
fractions, polycyclic aromatic hydrocarbons (PAHs), and total lead.  All results reported in this 
section were obtained by chemical analyses conducted at off-island analytical laboratories. 

4.3.1 Gasoline-, Diesel-, and Residual Range Organics 

Concentrations of GRO, DRO, and RRO reported in soil samples collected from Area 303 during 
2006 are summarized in Table 4-1.  Results identified by a “U” qualifier indicate the practical 
quantitation limit (PQL) determined for the chemical in a given sample.  PQLs are minimum 
concentrations that the analytical laboratory determines can be quantified in samples within a 
level of confidence that meets the laboratory quality assurance procedures.  These results are 
generally referred to as nondetected.  Alaska DEC Method 2 soil cleanup levels are used as 
screening criteria for GRO, DRO, and RRO in soil samples.  Concentrations that exceed the most 
stringent screening criteria (Method 2 soil cleanup levels to prevent migration to groundwater) 
are identified by boldface type in the table. 
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Gasoline-Range Organics 

GRO was identified at concentrations above the laboratory PQLs in 12 of the 28 soil samples 
tested.  The 12 samples were collected from 8 of the 16 locations sampled in 2006.  Detected 
concentrations ranged from a minimum of 4.35 mg/kg in the sample collected between 12 to 
13 feet bgs from location MW-303-33 to a maximum of an estimated 6,830 mg/kg in the sample 
collected between 25 to 26 feet bgs from MW-303-31. 

Figure 4-6 graphically presents the GRO results at the site.  The darker data boxes present GRO 
concentrations obtained from samples collected during 2006.  The lighter, gray-scale data boxes 
present GRO concentrations obtained from samples collected between 1993 and 1997.  These 
older data are included to better bound the extent of GRO in soil at Area 303.  However, the 
discussion of GRO concentrations is limited to the most recent sampling.  GRO concentrations 
exceed the most stringent screening criterion (260 mg/kg) in soil samples collected between 24 
to 26 feet bgs at three locations, MW-303-27, MW-303-30, and MW-303-31.  These sampling 
locations are situated at or near the surface of the primary aquifer in the southwestern portion of 
Area 303, between Main Road and the East Canal of the airport ditch system, and presumed to 
be associated with a gasoline release from fuel transport pipelines in this area.  The area 
estimated to contain GRO in soil at concentrations exceeding the most stringent screening 
criteria is shown on Figure 4-6.  This area is estimated to be approximately 2 acres in size. 

Diesel-Range Organics 

DRO was identified at concentrations above the laboratory PQLs in 12 of the 28 soil samples 
tested (Table 4-1).  The 12 samples were collected from 9 of the 16 locations sampled in 2006.  
Detected concentrations ranged from a minimum of 10.4 mg/kg in the sample collected between 
12 to 13 feet bgs from location MW-303-33 to a maximum of 1,000 mg/kg in the sample 
collected between 24 to 25 feet bgs from MW-303-30. 

Figure 4-7 graphically presents the DRO results at the site.  The darker data boxes present DRO 
concentrations obtained from samples collected during 2006.  The lighter, gray-scale data boxes 
present DRO concentrations obtained from samples collected between 1993 and 1997.  These 
older data are included to better bound the extent of DRO in soil at Area 303.  However, the 
discussion of the DRO concentrations is limited to the most recent sampling.  DRO 
concentrations exceed the most stringent screening criterion (230 mg/kg) in soil samples 
collected between 16.5 to 17 feet bgs at location MW-303-29, between 15.5 to 16.5 feet bgs and 
24 to 25 feet bgs at location MW-303-30, and between 25 to 26 feet bgs at location MW-303-31.  
The deeper sampling intervals at locations MW-303-30 and MW-303-31 are situated at or near 
the surface of the primary aquifer in the southwestern portion of Area 303.  The shallower 
sampling intervals at locations MW-303-29 and MW-303-30 represent soil associated with a 
perched groundwater condition in this area.  The area estimated to contain DRO in soil at 
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concentrations exceeding the most stringent screening criterion is shown on Figure 4-7.  This 
area is presumed to represent the northernmost expanse of DRO associated with the known fuel 
release at the Eagle Bay Housing area and was evaluated in the SWMU 62 FFS (URS 2005b). 

Residual-Range Organics 

RRO was identified at concentrations above the laboratory PQLs in 8 of the 28 soil samples 
tested (Table 4-1).  The 8 samples were collected from 7 of the 16 locations sampled in 2006.  
Detected concentrations ranged from a minimum of 29.5 mg/kg in the sample collected between 
12 to 13 feet bgs from location MW-303-33 to a maximum of 929 mg/kg in the sample collected 
between 16.5 to 17 feet bgs from MW-303-29.  RRO was not reported in these soil samples at 
concentrations exceeding the most stringent screening criterion (5,500 mg/kg). 

4.3.2 Volatile Organic Compounds 

Concentrations of VOCs reported in soil samples collected from Area 303 during 2006 are 
summarized in Table 4-2.  The VOCs tested for in soil samples include BTEX, 1,2,4-
trimethylbenzene, 1,2-dibromoethane, 1,2-dichloroethane, and 1,3,5-trimethylbenzene.  Results 
identified by a “U” qualifier indicate the PQL determined for the chemical in a given sample.  
These results are generally referred to as nondetected.  Alaska DEC Method 2 soil cleanup levels 
are used as screening criteria for VOCs in soil samples.  Concentrations that exceed the most 
stringent screening criteria (Method 2 soil cleanup levels to prevent migration to groundwater) 
are identified by boldface type in the table. 

Benzene 

Benzene was identified at concentrations above the laboratory PQLs in 5 of the 28 soil samples 
tested.  These 5 samples were collected from 5 of the 16 locations sampled in 2006.  Detected 
concentrations ranged from a minimum of 0.00518 mg/kg in the sample collected between 21 to 
21.5 feet bgs from location MW-303-32 to a maximum of 0.555 mg/kg in the sample collected 
between 16 to 17 feet bgs from MW-303-26. 

Figure 4-8 graphically presents the benzene results at the site.  The darker data boxes present 
benzene concentrations obtained from samples collected during 2006.  The lighter, gray-scale 
data boxes present benzene concentrations obtained from samples collected between 1993 and 
1997.  These older data are included to better bound the extent of benzene in soil at Area 303.  
Detected benzene concentrations exceed the most stringent screening criterion (0.02 mg/kg) in 
soil samples collected between 16 to 17 feet bgs from location MW-303-26, between 16.5 to 17 
feet bgs from location MW-303-29, and between 25 to 26 feet bgs from location MW-303-31.  It 
should be noted that of the 23 soil samples where benzene was reported as nondetected, the 
PQLs exceed the most stringent screening criterion in 5 of the 23 samples.  The PQLs reported 
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for benzene in these five samples range from 0.126 to 11.4 mg/kg.  The sampling locations 
where benzene concentrations or the PQLs reported for benzene, exceed the most stringent 
screening criterion are situated at two distinct zones of the subsurface in Area 303.  The areas 
estimated to contain benzene in soil at concentrations exceeding the most stringent screening 
criterion are shown on Figure 4-8.  One zone is located at a depth of 16 to 17 feet bgs in the 
northeast portion of the site along Main Road (MW-303-26).  The second zone is located at 
depths of 7 to 25 feet bgs (depending on the location) in the southwestern portion of Area 303, 
between Main Road and the East Canal of the airport ditch system.  These concentrations are 
presumed to be associated with a gasoline release from fuel transport pipelines in this area.  
These areas are estimated to be approximately 4 acres in size. 

Ethylbenzene 

Ethylbenzene was identified at concentrations above the laboratory PQLs in 10 of the 28 soil 
samples tested.  These 10 samples were collected from 6 of the 16 locations sampled in 2006.  
Detected concentrations ranged from a minimum of 0.00845 mg/kg in the sample collected 
between 15.5 to 16.5 feet bgs from location MW-303-30 to a maximum of 203 mg/kg in the 
sample collected between 25 to 26 feet bgs from MW-303-31.  Detected ethylbenzene 
concentrations exceed the most stringent screening criterion (5 mg/kg) in soil samples collected 
between 24 to 26 feet bgs from locations MW-303-27, MW-303-30, and MW-303-31.  GRO also 
exceeds the most stringent screening criterion in each of these samples. 

Toluene 

Toluene was identified at concentrations above the laboratory PQLs in 5 of the 28 soil samples 
tested.  These 5 samples were collected from 4 of the 16 locations sampled in 2006.  Detected 
concentrations ranged from a minimum of 0.0906 mg/kg in the sample collected between 14 to 
15 feet bgs from location MW-303-27 to a maximum of 216 mg/kg in the sample collected 
between 25 to 26 feet bgs from MW-303-31.  Detected toluene concentrations exceed the most 
stringent screening criterion (4.8 mg/kg) in soil samples collected between 24 to 26 feet bgs from 
locations MW-303-27, MW-303-29, and MW-303-31. 

Total Xylenes 

Total xylenes were identified at concentrations above the laboratory PQLs in 11 of the 28 soil 
samples tested.  These 11 samples were collected from 7 of the 16 locations sampled in 2006.  
Detected concentrations ranged from a minimum of 0.0264 mg/kg in the sample collected 
between 21 to 21.5 feet bgs from location MW-303-32 to a maximum of 833 mg/kg in the 
sample collected between 24 to 25 feet bgs from MW-303-27.  Detected total xylene 
concentrations exceed the most stringent screening criterion (69 mg/kg) in soil samples collected 
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between 24 to 26 feet bgs from locations MW-303-27, MW-303-30, and MW-303-31.  GRO also 
exceeds the most stringent screening criterion in each of these samples. 

1,2,4-Trimethylbenzene 

1,2,4-Trimethylbenzene was identified at concentrations above the laboratory PQLs in 9 of the 
28 soil samples tested.  These 9 samples were collected from 6 of the 16 locations sampled in 
2006.  Detected concentrations ranged from a minimum of 0.0269 mg/kg in the sample collected 
between 15.5 to 16.5 feet bgs from location MW-303-30 to a maximum of 160 mg/kg in the 
sample collected between 24 to 25 feet bgs from location MW-303-27.  An Alaska DEC Method 
2 soil cleanup level is not established for 1,2,4-trimethylbenzene.  Therefore the detected 
concentrations have not been screened for regulatory exceedance purposes. 

1,2-Dibromoethane 

1,2-Dibromoethane was not identified at concentrations above the laboratory PQLs in any of the 
28 soil samples tested.  An Alaska DEC Method 2 soil cleanup level is not established for 1,2,4-
trimethylbenzene.  Therefore, the PQLs reported for these analyses have not been screened for 
regulatory exceedance purposes. 

1,2-Dichloroethane 

1,2-Dichloroethane was not identified at concentrations above the laboratory PQLs in any of the 
28 soil samples tested.  It should be noted that of the 28 soil samples where 1,2-dichloroethane 
was reported as nondetected, the PQLs exceed the most stringent screening criterion (0.01 
mg/kg) in 7 of the 28 samples.  The PQLs reported for 1,2-dichloroethane in these 7 samples 
range from 0.119 to 11.4 mg/kg.  The sampling locations where the PQL reported for 1,2-
dichloroethane exceed the most stringent screening criterion are similar to those reported for 
benzene. 

1,3,5-Trimethylbenzene 

1,3,5-Trimethylbenzene was identified at concentrations above the laboratory PQLs in 9 of the 
28 soil samples tested.  These 9 samples were collected from 6 of the 16 locations sampled in 
2006.  Detected concentrations ranged from a minimum of 0.0113 mg/kg in the sample collected 
between 15.5 to 16.5 feet bgs from location MW-303-30 to a maximum of 76.6 mg/kg in the 
sample collected between 24 to 25 feet bgs from location MW-303-27.  An Alaska DEC 
Method 2 soil cleanup criterion is not established for 1,3,5-trimethylbenzene.  Therefore, the 
detected concentrations have not been screened for regulatory exceedance purposes. 
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4.3.3 Aliphatic and Aromatic Petroleum Fractions 

Concentrations of aliphatic and aromatic petroleum fractions reported in soil samples collected 
from Area 303 during 2006 are summarized in Table 4–3.  The aliphatic petroleum fractions 
were reported by the laboratory for carbon ranges C6–C8, C8–C10, C10–C12, C12–C16, C16–
C21, and C21–C34.  The aromatic petroleum fractions were reported by the laboratory for 
carbon ranges C8–C10, C10–C12, C12–C16, C16–C21, and C21–C34.  These ranges were 
summed to ranges that allowed comparison to Alaska DEC cleanup levels.  The appropriate 
ranges were summed as C6–C10 (aliphatics only), C8–C10 (aromatics only), C10–C21, and 
C21–C34.  Total volatile petroleum hydrocarbons (VPH) and total extractable petroleum 
hydrocarbons (EPH) are also reported.  Results identified by a “U” qualifier indicate the PQL 
determined for the chemical in a given sample.  These results are generally referred to as 
nondetected.  Alaska DEC Method 2 soil cleanup levels are used as screening criteria for the 
aliphatic and aromatic petroleum fractions in soil samples.  Method 2 soil cleanup levels are not 
established for VPH and EPH.  Concentrations that exceed the most stringent screening criteria 
(Method 2 soil cleanup levels to prevent migration to groundwater) are identified by boldface 
type in the table. 

C6–C10 

C6–C10 range aliphatics were identified at concentrations above the laboratory PQLs in seven of 
the nine soil samples tested.  These seven samples were collected from four of the five locations 
where petroleum fraction samples were collected in 2006.  Detected concentrations ranged from 
a minimum of an estimated 34.4 mg/kg in the sample collected between 18 to 19 feet bgs from 
location MW-303-31 to a maximum of an estimated 6,100 mg/kg in the sample collected 
between 25 to 26 feet bgs from the same location.  Detected C6–C10 range aliphatic 
concentrations exceed the most stringent screening criterion (240 mg/kg) in soil samples 
collected between 24 to 26 feet bgs from locations MW-303-27, MW-303-30, and MW-303-31.  
GRO also exceeds the most stringent screening criterion in each of these samples. 

C8–C10 range aromatics were identified at concentrations above the laboratory PQLs in three of 
the nine soil samples tested.  These three samples were collected from three of the five locations 
where petroleum fraction samples were collected in 2006.  Detected concentrations ranged from 
a minimum of an estimated 382 mg/kg in the sample collected between 24 to 25 feet bgs from 
location MW-303-30 to a maximum of an estimated 1,090 mg/kg in the sample collected 
between 25 to 26 feet bgs from location MW-303-31.  Detected C8–C10 range aromatic 
concentrations exceed the most stringent screening criterion (130 mg/kg) in soil samples 
collected between 24 to 26 feet bgs from locations MW-303-27, MW-303-30, and MW-303-31.  
GRO also exceeds the most stringent screening criterion in each of these samples. 
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C10–C21 

C10–C21 range aliphatics were identified at concentrations above the laboratory PQLs in five of 
the nine soil samples tested.  These samples were collected from four of the five locations where 
petroleum fraction samples were collected in 2006.  Detected concentrations ranged from a 
minimum of 109.57 mg/kg in the sample collected between 16.5 to 17 feet bgs from location 
MW-303-29 to a maximum of an estimated 934 mg/kg in the sample collected between 24 to 
25 feet bgs from location MW-303-30.  No C10–C21 range aliphatic concentration reported in 
soil samples exceeds the most stringent screening criterion (6,400 mg/kg). 

C10–C21 range aromatics were identified at concentrations above the laboratory PQLs in five of 
the nine soil samples tested.  These five samples were collected from four of the five locations 
where petroleum fraction samples were collected in 2006.  Detected concentrations ranged from 
a minimum of 21.77 mg/kg in the sample collected between 24 to 25 feet bgs from location 
MW-303-27 to a maximum of an estimated 281.2 mg/kg in the sample collected between 24 to 
25 feet bgs from location MW-303-30.  Detected C10–C21 range aromatic concentrations 
exceed the most stringent screening criterion (90 mg/kg) in both soil samples collected from 
location MW-303-30.  GRO also exceeds the most stringent screening criterion in the sample 
collected from 24 to 25 feet bgs at MW-303-30.  Note that GRO does not exceed in the sample 
collected from 15.5 to 16.5 feet. 

C21–C34 

C21–C34 range aliphatics were identified at concentrations above the laboratory PQLs in three 
of the nine soil samples tested.  These three samples were collected from two of the five 
locations where petroleum fraction samples were collected in 2006.  Detected concentrations 
ranged from a minimum of 23.9 mg/kg in the sample collected between 24 to 25 feet bgs from 
location MW-303-30 to a maximum of 93 mg/kg in the sample collected between 16.5 to 17 feet 
bgs from location MW-303-29.  No C21–C34 range aliphatic concentration reported in soil 
samples exceeds the most stringent screening criterion (20,000 mg/kg). 

C21–C34 range aromatics were not identified at concentrations above the laboratory PQLs in 
any of the nine soil samples tested. 

Volatile Petroleum Hydrocarbons 

VPH was identified at concentrations above the laboratory PQLs in six of the nine soil samples 
tested.  These six samples were collected from four of the five locations where VPH samples 
were collected in 2006.  Detected concentrations ranged from a minimum of 67.3 mg/kg in the 
sample collected between 15.5 to 16.5 feet bgs from location MW-303-30 to a maximum of an 
estimated 8,050 mg/kg in the sample collected between 25 to 26 feet bgs from location MW-303-
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31.  An Alaska DEC Method 2 soil cleanup criterion is not established for VPH.  Therefore, the 
detected concentrations have not been screened for regulatory exceedance purposes. 

Extractable Petroleum Hydrocarbons 

EPH was identified at concentrations above the laboratory PQLs in five of the nine soil samples 
tested.  These five samples were collected from four of the five locations where EPH samples 
were collected in 2006.  Detected concentrations ranged from a minimum of 219 mg/kg in the 
sample collected between 16.5 to 17 feet bgs from location MW-303-29 to a maximum of 3,000 
mg/kg in the sample collected between 25 to 26 feet bgs from location MW-303-31.  An Alaska 
DEC Method 2 soil cleanup criterion is not established for VPH.  Therefore, the detected 
concentrations have not been screened for regulatory exceedance purposes. 

4.3.4 Polycyclic Aromatic Hydrocarbons 

Concentrations of PAHs reported in soil samples collected from Area 303 during 2006 are 
summarized in Table 4-4.  The PAHs tested for in soil samples include the noncarcinogenic 
PAHs naphthalene, acenaphthylene, acenaphthene, fluorene, fluoranthene, phenanthrene, pyrene, 
benzo(g,h,i)perylene, 2-methylnaphthalene, and anthracene; and the carcinogenic PAHs 
chrysene, benzo(a)pyrene, benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenz(a,h)anthracene, and indeno(1,2,3-cd)pyrene.  Results reported for PAHs in the 28 soil 
samples tested are summarized in the table by presenting the number of detections for each PAH 
compound (0 to 7); the minimum, average, and maximum detected values; and the minimum, 
average, and maximum PQLs.  Alaska DEC Method 2 soil cleanup levels are used as screening 
criteria for PAHs in soil samples.  No PAH concentration reported in soil samples exceeds the 
most stringent screening criterion.  In addition, in no instance did the maximum reported PQL 
for any given PAH exceed the most stringent screening criterion. 

4.3.5 Total Lead 

Concentrations of total lead reported in soil samples collected from Area 303 during 2006 are 
summarized in Table 4-5.  Alaska DEC Method 2 soil cleanup levels are used as screening 
criteria for total lead in soil samples. 

Total lead was identified at concentrations above the laboratory PQLs in all of the 28 soil 
samples tested.  Detected concentrations ranged from a minimum of an estimated 0.799 mg/kg in 
the sample collected between 15.5 and 16.5 feet bgs from location MW-303-24 to a maximum of 
an estimated 23.3 mg/kg in the sample collected between 25 and 26 feet bgs from MW-303-31.  
No total lead concentration reported in soil samples exceeds the most stringent screening 
criterion (400 mg/kg). 
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4.3.6 Organic Vapors and GRO Concentrations on Cross Sections 

Organic vapor readings (PID readings) collected during drilling of monitoring wells and 
Geoprobes together with GRO analytical results were added to cross sections presented in 
Section 4.2.  These data are provided on cross sections A to A', B to B', and C to C' in Figures 4-
9, 4-10, and 4-11, respectively.  Most of the organic vapor and analytical data presented are from 
the 2006 field effort.  Some data are from earlier field efforts, but no data more than 10 years old 
is shown.  Highest PID readings and GRO concentrations are near the surface of the groundwater 
surface.  Elevated PID readings are present below the depth of the fuel pipelines in borings for 
MW-303-28, GP-303-23, and GP-303-23a that are adjacent to the pipelines, as shown in cross 
section B to B' (Figure 4-10).  Borings that are not near the pipeline do not exhibit elevated PID 
readings from approximately 5 feet bgs down to the groundwater surface.  This is evidence to 
support that the release(s) occurred near the pipelines. 

4.4 DEPTH TO GROUNDWATER MEASUREMENTS 

Water levels were measured on July 18, 2006, in all 35 wells that were included in the evaluation 
of Area 303.  All wells monitor the primary groundwater unit.  Table 4-6 shows the results of 
those measurements.  Top of casing elevations, depth to free product (if present), depth to water, 
and elevations of the groundwater surface are provided for each well.  Measurable free product 
was detected in four wells, ranging in thickness from 0.01 to 0.12 foot.  Water level elevations 
were adjusted for the wells in which free product was detected, as shown in Table 4-6. 

Groundwater elevations were used to contour the groundwater surface of the primary aquifer as 
shown on the groundwater flow map Figure 4-12.  Groundwater flows west across the site.  The 
hydraulic gradient appears to be fairly consistent across the site at 0.0027 foot/foot. 

One anomalous groundwater elevation is present in MW-303-25.  The water level in MW-303-
25 is similar to an elevation of the perched groundwater that was recorded during drilling in 
nearby wells in previous years (MRP-MW2 and wells near the Telephone Exchange Building 
[10324], which are not shown).  The groundwater level in this well was approximately 12 feet 
shallower than surrounding wells in the primary aquifer.  The water in well MW-303-25 appears 
to be hydraulically connected to the primary groundwater for two reasons.  There was no 
organic-rich silty or clayey unit that produces perched groundwater, and the soil at MW-303-25 
was saturated down to 22 feet bgs, which is well below the depth of the silty clay unit present in 
nearby wells.  Two borings confirmed the findings at this location (GP-303-25 and MW-303-25 
in Appendix A) when continuous soil samples were collected with the Geoprobe unit and the 
drilling rig at that location.  Soil samples were saturated from 10 to 21 feet bgs, the total depth of 
the boring. 
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One possibility is that this well could be located at the edge of a perched zone, where the water is 
flowing off the silty clay into the primary groundwater unit.  The higher water elevation at 
MW-303-25 does not appear to affect the water levels in the nearest downgradient wells, as 
shown on Figure 4-12. 

4.5 FREE-PRODUCT OCCURRENCE 

This section presents free-product occurrence information obtained during monitoring well 
gauging activities conducted on July 18, 2006.  This includes a description of free-product 
occurrence and an estimate of the extent of residual free-phase petroleum product observed at the 
site. 

Depth to water and free-product thickness measurements are summarized in Table 4-6.  Free 
product was observed in four wells at thicknesses ranging from 0.01 to 0.12 foot.  Free product 
was observed on the groundwater surface at wells HMW-303-5, HMW-303-11, MW-303-30, 
and MW-303-31.  The extent of free product is shown on Figure 4-13.  The maximum free-
product thickness (0.12 foot) was measured in well MW-303-30, which is located in the south-
central portion of the investigated area.  Free product was measured at 0.09 foot in well MW-
303-31, which is located approximately 300 feet northeast of MW-303-30.  Wells HMW-303-5 
and HMW-303-11 are located in the extreme southern portion of the investigated area and 
product thickness was measured at 0.03 and 0.01 foot in these wells, respectively.  Since free-
product was not observed in wells 03-107, HMW-303-6, and MW-303-29, the free product 
observed at wells HMW-303-5 and HMW-303-11 is thought to be a result of the release(s) from 
the SWMU 62 Eagle Bay Housing area. 

The product type(s) observed was not readily identifiable in the field. 

4.6 RESULTS OF CHEMICAL ANALYSES ON GROUNDWATER SAMPLES 

This section presents the results of chemical analyses conducted on groundwater samples 
collected at Area 303 during 2006.  As discussed in Section 3.2, Geoprobe sampling was 
conducted to select permanent monitoring well locations.  Chemical analyses were conducted on 
groundwater samples collected from 35 monitoring well locations at the site and 16 Geoprobe 
sampling locations.  Wells were constructed at 8 of the 16 Geoprobe sampling locations.  
Samples were analyzed for concentrations of GRO, DRO, RRO, selected VOCs, aliphatic and 
aromatic petroleum fractions, PAHs, total and dissolved lead, and natural attenuation parameters.  
With the exception of field test kit results for natural attenuation parameters, results reported in 
this section were obtained by chemical analyses conducted at off-island analytical laboratories. 
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Results of Geoprobe groundwater sample analyses are summarized in Table 3-1 and discussed in 
this section as appropriate. 

4.6.1 Field Parameters 

Field parameters DO, pH, ORP, salinity, specific conductance, temperature, and turbidity were 
measured during groundwater sampling activities.  These measurements were collected with 
electronic instrumentation.  Table 4-7 summarizes the final field parameter measurements 
collected just prior to sample collection.  DO ranged from 0 to 10.7 mg/L.  The highest DO 
content was measured in the sample from well HMW-303-12, which is located upgradient of the 
southern portion of the site, outside of the impacted groundwater area.  DO was measured at less 
than 1 mg/L in 21 of the sampled wells.  Most of the samples for which DO was measured at 
concentrations less than 1 mg/L were located within or immediately adjacent to the dissolved 
petroleum hydrocarbon plume in groundwater at the site.  Water from seven locations contained 
DO at concentrations greater than 7 mg/L. 

pH ranged from 5.27 to 6.28 standard units (SUs) with an average of 5.9 SUs.  ORP ranged from 
−31 to 224 mV, with an average of 67.4 mV.  All of the negative and low ORP values are 
associated with DO concentrations less than 0.5 mg/L.  Salinity was measured at very low 
concentrations ranging from 0 to 0.2 ppt, and specific conductance was measured at 0.088 to 
0.511 µS/cm.  Final pre-sampling groundwater temperature readings ranged from 4.55 to 13°C.  
Final turbidity measurements ranged from 0 to 429 nephelometric units (NTUs). 

4.6.2 Gasoline-, Diesel-, and Residual-Range Organics 

Gasoline-Range Organics 

All samples were subjected to GRO analysis according to Alaska Method AK 101.0.  Table 4-8 
summarizes GRO results for the 2006 groundwater sampling event.  The generalized distribution 
of GRO in groundwater is shown on Figure 4-13.  This figure includes samples from monitoring 
wells and results of Geoprobe samples at locations where wells were not installed (Table 3-1).  
GRO was measured in 23 of the 35 analyzed samples from monitoring wells at concentrations 
above the reporting limit.  The reporting limit for GRO was 50 µg/L.  The Alaska DEC cleanup 
level established for GRO in groundwater used as a drinking water source is 1,300 µg/L. 

GRO was measured in groundwater samples from monitoring wells at concentrations ranging 
from 61.8 to an estimated 36,600 µg/L, and 12 groundwater samples contained GRO at 
concentrations greater than the Alaska DEC cleanup level.  The highest GRO concentration 
(estimated 36,600 µg/L) was measured in the groundwater sample from well MW-303-30.  This 
well contained the greatest thickness of free product and is located in the southern portion of the 
investigated area (Figure 4-13).  The sample from well MW-303-27, which is located 
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approximately 300 feet northeast of MW-303-30, contained GRO at an estimated concentration 
of 27,400 µg/L.  Wells MW3-303-28 (estimated 14,900 µg/L), MW-303-31 (estimated 17,600 
µg/L), and 03-107 (estimated 13,500 mg/L) contained GRO and concentrations greater than 
10,000 µg/L.  The remaining wells where GRO was detected at concentrations greater than the 
cleanup level contained GRO at concentrations ranging from an estimated 1,540 to 8,090 µg/L.  
The northern portion of the GRO plume is likely associated with the petroleum release at the 
GCI Compound, as discussed in Section 2.3.2. 

Groundwater samples from Geoprobe locations GP-303-23a (78,000 µg/L), GP-303-23 (60,000 
µg/L), GP-303-22 (28,000 µg/L), GP-303-22c (6,800 µg/L), GP-303-23b (5,800 µg/L), and 
GP-303-22a (4,800 µg/L) also contained GRO at concentrations greater than the cleanup level 
(Table 3-1).  These sampling locations are positioned east of Main Road and the 8-inch AVGAS 
pipeline (Figure 4-13). 

Diesel-Range Organics 

All samples were subjected to DRO analysis according to Alaska Method AK 102.0.  Table 4-8 
summarizes DRO groundwater results for the 2006 groundwater sampling event.  The 
generalized distribution of DRO in groundwater is shown on Figure 4-14.  This figure includes 
samples from monitoring wells and results of Geoprobe samples at locations where wells were 
not installed.  DRO was measured in 26 of the 35 analyzed well samples from monitoring wells 
at concentrations above the reporting limit.  The reporting limit for DRO ranged from 96.2 to 
105 µg/L.  The Alaska DEC cleanup level established for DRO in groundwater used as a 
drinking water source is 1,500 µg/L. 

DRO was measured in groundwater samples from monitoring wells at concentrations ranging 
from 123 to an estimated 21,400 µg/L and seven groundwater samples contained DRO at 
concentrations greater than the Alaska DEC cleanup level.  The highest concentration (estimated 
21,400 µg/L) was measured in the groundwater sample from well HMW-303-5.  The samples 
from wells HMW-303-6 (6,460 µg/L) and HM-303-11 (estimated 4,150 µg/L) also contained 
DRO at concentrations greater than 1,500 µg/L.  These three wells are located in the extreme 
southern portion of the investigated area, and the DRO observed at these locations are thought be 
a result of the release(s) from the SWMU 62 Eagle Bay Housing area. 

DRO was measured at concentrations ranging from 3,490 to an estimated 21,300 µg/L in 
groundwater samples from wells 03-104, 03-105, and MRP-MW1.  These wells are located in 
the extreme northern portion of the investigated area, and the DRO observed at these locations 
are thought to be a result of the release(s) from the SWMU 62 Sandy Cove area. 



FINAL FFS REPORT, REVISION 1 Section 4.0  
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 4-15 
Delivery Order 0007 

 

DRO was measured at a concentration of 2,040 µg/L in the groundwater sample from well 
MW-303-32.  This well is located just north of the GCI Building.  The source of the moderate 
DRO exceedance is unclear.  It may be an extension of the DRO distribution observed from the 
SWMU 62 Sandy Cove area to the north, or a small, isolated source in the immediate area of 
well HMW-303-32. 

The remaining DRO detections in samples from monitoring wells ranged from 123 to 1,140 
µg/L, which are below the cleanup level of 1,500 µg/L.  These results are for groundwater 
samples from wells in the central portion of the site. 

DRO was measured in 2 of the 16 Geoprobe sampling locations at concentrations greater than 
the cleanup level of 1,500 µg/L:  GP-303-22c (2,200 µg/L) and GP-303-23a (1,900 µg/L) 
(Table 3-1).  The samples were collected from an area east of Main Road (Figure 4-14).  These 
DRO detections could be the result of an isolated, low-level DRO source in the area or an 
overlap from the heavier end of the elevated GRO detections observed in this area. 

The observed DRO distribution in groundwater suggests that there is not a substantial DRO 
source to groundwater in Area 303.  A small, isolated DRO source to groundwater may or may 
not be present in the area of well HMW-303-32. 

Residual-Range Organics 

All samples were subjected to RRO analysis according to Alaska Method AK 103.0.  Table 4-8 
summarizes RRO results for the 2006 groundwater sampling event.  RRO was not measured in 
any of the 35 analyzed samples at concentrations above the reporting limit.  However, the 
reporting limit for RRO ranged from 708 to 7,430 µg/L.  The Alaska DEC cleanup level 
established for RRO in groundwater used as a drinking water source is 1,100 µg/L.  Six 
groundwater samples were reported to have RRO not detected at a reporting limit greater than 
1,100 µg/L.  These reporting limits ranged from 1,530 to 7,430 µg/L.  These six samples came 
from wells 03-104, 03-105, MRP-MW1, HMW-303-5, HMW-303-6, and HMW-303-11.  These 
samples also contained elevated DRO and/or GRO concentrations, and the elevated reporting 
limits were a result of dilutions. 

Groundwater samples collected at Geoprobe locations were not analyzed for RRO. 

4.6.3 Volatile Organic Compounds 

Groundwater samples collected from the 35 monitoring well locations were also analyzed for 
VOCs according to EPA Method 8260B.  Target analytes are BTEX, 1,2-dibromoethane (EDB, 
or ethylene dibromide), 1,2-dichlororethane (1,2-DCA), 1,2,4-trimethylbenzene, and 1,3,5-
trimethylbenzene.  Geoprobe groundwater samples were analyzed for BTEX, 1,2,4-
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trimethylbenzene, and 1,3,5-trimethylbenzene.  This subsection discusses the results.  The VOC 
results are summarized in Table 4-9. 

Benzene 

Table 4-9 summarizes benzene results for the 2006 groundwater sampling event.  The 
generalized distribution of benzene in groundwater is shown on Figure 4-15.  This figure 
includes samples from monitoring wells and results of Geoprobe samples at locations where 
wells were not installed.  Benzene was measured in 12 of the 35 analyzed samples from 
monitoring wells at concentrations above the reporting limit.  The reporting limit for benzene 
ranged from 0.25 to 1 µg/L.  The Alaska DEC cleanup level established for benzene in 
groundwater used as a drinking water source is 5 µg/L. 

Benzene was measured in groundwater samples from monitoring wells at concentrations ranging 
from an estimated 1.02 to 43.4 µg/L, and five groundwater samples contained benzene at 
concentrations greater than the Alaska DEC cleanup level.  The highest benzene concentration 
(43.4 µg/L) was measured in the sample from well MRP-MW2 located in the northern portion of 
the investigation area.  Samples from other wells in the area contained benzene at 20.4 µg/L 
(MW-303-33) and 12 µg/L (MW-303-32).  The sample from well 03-107, located in the southern 
portion of the investigated area, contained benzene at a concentration of 12.4 µg/L.  A number of 
wells in this southern portion of the area had benzene results reported as not detected at a 
concentration greater than the reporting limit of 40 µg/L. 

Benzene was also measured at a concentration of 83 µg/L in the groundwater sample from 
Geoprobe sampling location GP-303-23 and 26 µg/L at GP-303-22 (Figure 4-15).  The sample 
from Geoprobe location GP-303-23a was reported as not detected at a reporting limit of 12 µg/L.  
The estimated distribution of benzene at concentrations greater than the cleanup level of 5 µg/L 
is similar to that estimated for GRO.  There are two distinct areas where benzene is greater than 
5 µg/L at the site, one in the north and one in the south.  The areal extent of the southern 
distribution is similar to, but laterally smaller than, GRO.  The areal extent of the northern 
distribution of benzene is larger and extends farther west than the northern distribution of GRO.  
The highest benzene concentration was measured in the same sample where the highest GRO 
concentration was measured, GP-303-23. 

Toluene, Ethylbenzene, and Total Xylenes 

Table 4-9 summarizes toluene, ethylbenzene, and total xylene results for the 2006 groundwater 
sampling event.  Toluene was measured in 14 of the 35 analyzed samples from monitoring wells 
at concentrations above the reporting limit.  The reporting limit for toluene ranged from 0.25 to 
1 µg/L.  The Alaska DEC cleanup level established for toluene in groundwater used as a drinking 
water source is 1,000 µg/L. 
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Toluene was measured in groundwater samples from monitoring wells at concentrations ranging 
from an estimated 1.38 to 1,980 µg/L, and three groundwater samples contained toluene at 
concentrations greater than the Alaska DEC cleanup level.  The highest toluene concentration of 
1,980 µg/L was measured in the groundwater sample from well MW-303-27, which also 
contained one of the highest GRO concentrations.  The samples from wells MW-303-30 and 
MW-303-31 contained toluene at concentrations of 1,800 and 1,680 µg/L, respectively.  None of 
the other samples collected during 2006 contained toluene at a concentration above the reporting 
limit and/or Alaska DEC cleanup level.  Toluene was measured in one Geoprobe sample, GP-
303-23 (1,500 µg/L), at a concentration greater than the cleanup level. 

Ethylbenzene was measured in 17 of the 35 analyzed samples from monitoring wells at 
concentrations above the reporting limit.  The reporting limit for ethylbenzene ranged from 0.25 
to 1 µg/L.  The Alaska DEC cleanup level established for ethylbenzene in groundwater used as a 
drinking water source is 700 µg/L.  Ethylbenzene was measured in groundwater samples at 
concentrations ranging from 1.27 to 1,790 µg/L, and three groundwater samples contained 
ethylbenzene at concentrations greater than the Alaska DEC cleanup level.  The highest 
ethylbenzene concentration of 1,790 µg/L was measured in the groundwater sample from well 
MW-303-30, which also contained one of the highest GRO concentrations.  The samples from 
wells MW-303-27 and MW-303-28 contained toluene at concentrations of 818 and 1,090 µg/L, 
respectively.  None of the other samples collected during 2006 contained ethylbenzene at a 
concentration above the reporting limit and/or Alaska DEC cleanup level.  Ethylbenzene was 
measured in two Geoprobe samples, GP-303-23 (1,800 µg/L) and GP-303-23a (1,200 µg/L), at 
concentrations greater than the cleanup level. 

Xylenes were measured in 21 of the 35 analyzed samples from monitoring wells at 
concentrations above the reporting limit.  The reporting limit for xylenes was 3 µg/L.  The 
Alaska DEC cleanup level established for xylenes in groundwater used as a drinking water 
source is 10,000 µg/L.  Xylenes were measured in groundwater samples at concentrations 
ranging from 6.29 to 4,190 µg/L.  None of the 2006 groundwater samples contained xylenes at a 
concentration greater than the Alaska DEC cleanup level.  Xylenes were not measured in 
Geoprobe samples at concentrations greater than the cleanup levels. 

1,2-Dibromoethane 

Table 4-9 summarizes EDB results for the 2006 groundwater sampling event.  EDB was not 
measured in any of the 35 analyzed samples from wells at concentrations greater than the 
reporting limit of 1 µg/L.  The Alaska DEC has not established a cleanup level for EDB in 
groundwater used as a drinking water.  The maximum contaminant level (MCL) for EDB in 
groundwater source is 0.05 µg/L.  EDB was not detected in groundwater samples collected at the 
site.  However, the reporting limit (1 µg/L) is greater than the MCL (0.05 µg/L). 
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1,2-Dichloroethane 

Table 4-9 summarizes 1,2-DCA results for the 2006 groundwater sampling event.  1,2-DCA was 
not measured in any of the 35 analyzed samples from wells at concentrations greater than the 
reporting limit of 1 µg/L.  The Alaska DEC cleanup level established for 1,2-DCA in 
groundwater used as a drinking water source is 5 µg/L. 

1,2,4-Trimethylbenzene and 1,3,5-Trimethylbenzene 

Table 4-9 summarizes 1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene results for the 2006 
groundwater sampling event.  1,2,4-Trimethylbenzene was measured in 21 of the 35 analyzed 
samples from monitoring wells at concentrations above the reporting limit, and 1,3,5-
trimethylbenzne was measured in 20 of the 35 analyzed samples from wells at concentrations 
above the reporting limit.  The reporting limit for both of these compounds ranged from 0.25 to 
1 µg/L.  The Alaska DEC cleanup level is 1,850 µg/L for 1,2,4-trimethylbenzene and for 1,3,5-
trimethylbenzene in groundwater. 

1,2,4-Trimethylbenzene was measured in groundwater samples from monitoring wells at 
concentrations ranging from 1.48 to 258 µg/L.  1,3,5-Trimethylbenzene was measured in 
groundwater samples at concentrations ranging from 2.21 to 91.6 µg/L. 

The sampling and analysis plan (URS 2006c) specifies a trimethylbenzene screening criterion of 
12 µg/L for risk assessment purposes.  In order to compare the isomer concentrations to the 
screening criterion, 1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene concentrations were 
summed.  This summation is shown in Table 4-9.  The summation used the reporting limit for 
any result reported as not detected above the reporting limit.  Trimethylbenzene was measured in 
21 of the 35 samples from monitoring wells at concentrations greater than the reporting limit 
range of 0.5 to 2 µg/L.  Trimethylbenzene was measured at concentrations ranging from 2.48 to 
349.6 µg/L.  Trimethylbenzene was measured at concentrations greater than the screening 
criterion of 12 µg/L in 18 groundwater samples.  The highest concentration (349.6 µg/L) was 
measured in the sample from MW-303-27, which is coincident with an elevated GRO 
concentration. 

1,2,4-Trimethylbenzene was measured in samples from five of eight Geoprobe locations at 
concentrations ranging from 42 to 650 µg/L, and 1,3,5-trimethylbenzene was measured in 
samples from five of eight Geoprobe locations at concentrations ranging from 31 to 480 µg/L 
(Table 3-1).  Summed trimethylbenzene concentrations were greater than the screening criteria 
of 12 µg/L in samples from five Geoprobe locations, GP-303-23a (950 µg/L), GP-303-22 
(680 µg/L), GP-303-23 (540 µg/L), GP-303-22c (79 µg/L), and GP-303-22a (74 µg/L). 
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Considering Geoprobe sampling results, the trimethylbenzene distribution is very similar to the 
GRO distribution shown on Figure 4-13. 

4.6.4 Aliphatic and Aromatic Petroleum Fractions 

Groundwater samples collected from nine wells were analyzed for aliphatic and aromatic 
petroleum fractions, using Washington Department of Ecology’s EPH and VPH Methods, to 
support the risk assessment component of the feasibility study.  Concentrations of aliphatic and 
aromatic petroleum fractions reported in groundwater samples collected from Area 303 during 
2006 are summarized in Table 4-10.  The aliphatic petroleum fractions were reported by the 
laboratory for carbon ranges C6–C8, C8–C10, C10–C12, C12–C16, C16–C21, and C21–C34.  
The aromatic petroleum fractions were reported by the laboratory for carbon ranges C8–C10, 
C10–C12, C12–C16, C16–C21, and C21–C34.  These ranges were summed to ranges that 
allowed comparison to Alaska DEC cleanup levels.  The appropriate ranges were summed as C6 
to C10 (aliphatics only), C8 to C10 (aromatics only), C10 to C21, and C21 to C34.  The ranges 
do not precisely match the Alaska DEC cleanup level ranges.  However, the summation was 
conducted to match the cleanup level ranges as closely as possible using the ranges provided by 
the laboratory.  If one nondetected value was reported for a summed range, one-half of the 
reporting limit was used for the summation.  If all the results for a range were reported as not 
detected, the highest reporting limit was used. 

Aliphatic petroleum fraction C6–C10 was detected in seven of the nine analyzed samples at 
concentrations above the reporting limit of 50 µg/L.  The Alaska DEC cleanup level for C6–C10 
aliphatics is 1,300 µg/L.  The aliphatic C6–C10 range was measured at concentrations ranging 
from an estimated 613 µg/L to an estimated 7,610 µg/L, with five of these concentrations greater 
than the cleanup level of 1,300 µg/L.  The highest aliphatic C6-C10 concentration of 7,610 µg/L 
was measured in the sample from well MW-303-30, which is coincident with highest GRO 
concentration measured in groundwater samples from monitoring wells.  As expected, there is a 
strong correlation between the elevated aliphatic C6–C10 concentrations and elevated GRO 
concentrations. 

Aliphatic petroleum fraction C10–C21 was detected in two of the nine analyzed samples at 
concentrations above the reporting limits.  This aliphatic range was compared to the Alaska DEC 
cleanup level for C10–C25 aliphatics of 100 µg/L.  The summed aliphatic fraction was measured 
at estimated concentrations ranging from 174.2 to 642 µg/L.  These concentrations are greater 
than the Alaska DEC cleanup level.  The highest aliphatic C10–C21 estimated concentration of 
642 µg/L was measured in the sample from well MW-303-11, which is located in the southern 
portion of the investigation area. 
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Aliphatic petroleum fraction C21–C34 was not detected at concentrations above reporting limits 
ranging from 48.1 to 128 µg/L.  The closest Alaska DEC cleanup level range is C25–C36.  A 
cleanup level for this range has not been established because it is considered to be insoluble. 

Aromatic petroleum fraction C8–C10 was detected in six of the nine analyzed samples at 
concentrations above the reporting limit of 25 µg/L.  This range was compared to the Alaska 
DEC cleanup level for C6–C10 aromatics of 7,300 µg/L.  The aromatic C8–C10 range was 
measured at concentrations ranging from 249 to an estimated 7,250 µg/L.  None of these 
concentrations was greater than the cleanup level.  The highest aromatic C8–C10 concentration 
of an estimated 7,250 µg/L was measured in the sample from well MW-303-30, which is 
coincident with highest C6–C10 aliphatic range concentration and the highest GRO 
concentration measured in groundwater samples from monitoring wells. 

Aromatic petroleum fraction C10–C21 was detected in two of the nine analyzed samples at 
concentrations above the reporting limits.  This aromatic range was compared to the Alaska DEC 
cleanup level for C10–C25 aromatics of 1,500 µg/L.  The two detected summed fraction 
concentrations were an estimated 197.5 and 1,465 µg/L, which are less than the Alaska DEC 
cleanup level.  The highest concentration was measured in the groundwater sample from well 
HMW-303-11, which is located in the extreme southern portion of the investigation area, and is 
coincident with an elevated DRO concentration. 

Aromatic petroleum fraction C21–C34 was not detected at concentrations above reporting limits 
ranging from 48.1 to 128 µg/L.  The closest Alaska DEC cleanup level range is C25–C36.  The 
Alaska DEC cleanup level for this range is 1,100 µg/L. 

4.6.5 Polycyclic Aromatic Hydrocarbons 

Groundwater samples were analyzed for PAHs in groundwater according to EPA Method 8270C 
selected ion monitoring (SIM).  Table 4-11 summarizes PAH results.  One PAH compound was 
detected at concentrations greater than the established Alaska DEC groundwater cleanup level.  
Dibenz(a,h)anthracene was detected in 2 of 35 samples at concentrations greater than the Alaska 
DEC cleanup level of 0.1 µg/L.  Dibenz(a,h)anthracene was measured in groundwater samples 
from wells MW-303-30 (0.368 µg/L) and MRP-MW1 (estimated 0.106 µg/L).  Wells MW-303-
28, MW-303-25, and MW-303-30 are associated with elevated GRO concentrations, and well 
MRP-MW1 is associated with the DRO release relative to SWMU 62 (Sandy Cove area). 

Benzo(a)pyrene was reported as not detected at concentrations above the reporting limits of 
0.0943 to 0.5 µg/L.  However, the Alaska DEC groundwater cleanup level for benzo(a)pyrene is 
0.2 µg/L.  The reporting limit for benzo(a)pyrene in a groundwater sample from one well 
(HMW-303-6) was greater than 0.2 µg/L.  This well is located in the extreme southern portion of 
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the investigated area and is positioned where the GRO impacts from Area 303 overlap with the 
DRO impacts from SWMU 62 (Eagle Bay Housing). 

Alaska DEC has not established cleanup levels for 2-methynaphthalene, acenaphthylene, 
benzo(g,h,i)perylene, and phenanthrene.  However, the Navy has used surrogates in past FFS 
documents (URS 2006c) for which cleanup levels have been established.  These surrogates are 
naphthalene as a surrogate to 2-methylnaphthalene, acenaphthene as a surrogate to 
acenaphthylene, pyrene as a surrogate to benzo(g,h,i)perylene, and anthracene as a surrogate to 
phenanthrene.  The cleanup levels for these surrogates are provided on Table 4-11.  None of 
these four PAH compounds was measured in groundwater samples from wells at concentrations 
greater than their respective surrogate cleanup levels. 

4.6.6 Total and Dissolved Lead 

Groundwater samples were analyzed for total and dissolved lead according to EPA Method 
6020.  Total and dissolved lead results are summarized in Table 4-12.  Total and dissolved lead 
were detected at concentrations greater than the reporting limit of 1 µg/L in groundwater samples 
from 10 wells.  Total lead was measured at concentrations ranging from 1.85 to 77.6 µg/L.  Total 
lead was measured in five groundwater samples at concentrations greater than the Alaska DEC 
groundwater cleanup level of 15 µg/L.  The highest total lead concentration was measured in the 
sample from well MW-303-30, which is coincident with the highest GRO concentration 
measured in groundwater samples from monitoring wells.  Total lead was also measured at 
concentrations greater than 15 µg/L in samples from wells MW-303-28 (53.6 µg/L), MW-303-27 
(49.4 µg/L), 03-107 (20.1 µg/L), and 04-213 (16.4 µg/L).  All of the samples are also associated 
with elevated GRO concentrations. 

Dissolved lead was measured at concentrations ranging from 1.36 to 56.1 µg/L.  Dissolved lead 
was measured in four groundwater samples at concentrations greater than the Alaska DEC 
groundwater cleanup level of 15 µg/L.  The highest total lead concentration was measured in the 
sample from well MW-303-30, which is coincident with the highest total lead and GRO 
measurements in groundwater samples from monitoring wells.  With the exception of the sample 
from well 04-213, dissolved lead was measured at concentrations greater than 15 µg/L in 
samples from the same wells as total lead:  MW-303-28 (38.7 µg/L), MW-303-27 (33.8 µg/L), 
and 03-107 (16.5 µg/L).  All of these samples are also associated with elevated GRO 
concentrations. 

4.6.7 Natural Attenuation Parameters 

Groundwater samples collected from wells were analyzed for natural attenuation parameters:  
carbon dioxide, dissolved oxygen, and ferrous iron using field test kits and alkalinity, sulfate, and 
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dissolved methane by laboratory analysis.  Table 4-13 summarizes natural attenuation parameter 
results. 

Natural attenuation indicators follow the chemical sequence of biological activity from aerobic 
(oxygen-rich groundwater) to anaerobic (reductive-groundwater) conditions.  The 
thermodynamic order of the chemical reactions that occur as bacteria employ electron-acceptor 
compounds to naturally attenuate petroleum hydrocarbons starts with oxygen, and as each 
electron-acceptor species is exhausted, progresses as follows:  nitrate reduction, ferric iron 
reduction, sulfate reduction, and carbon dioxide reduction (methane produced).  During the 2002 
sampling, nitrate levels were demonstrated to be at or below detection limits at all background 
locations on Adak Island (ICRC 2003).  This indicates that nitrate may not be available as an 
electron acceptor on Adak.  Hence, nitrate/nitrite analyses were not performed during 2006 
sampling. 

No single natural attenuation indicator parameter can be used to identify zones of aerobic versus 
anaerobic biologic conditions in groundwater.  Therefore, the available data must be evaluated as 
a body of evidence to determine the predominant processes at work degrading petroleum 
hydrocarbons at the site.  Typically, comparisons are made relative to upgradient locations 
versus source area and downgradient locations.  In the case of downtown Adak sites, natural 
attenuation parameter results are compared to a background location E-701 located between the 
Former Power Plant Building T-1451 and the Naval Mobile Construction Battalion (NMCB) 
Area. 

DO is the most thermodynamically favored electron acceptor used by microbes for 
biodegradation of organic carbon (Wiedemeier et al. 1995).  Because oxygen supplies the most 
efficient electron-accepting process, oxygen-reducing microbes out-compete other electron-
accepting processes if DO is present in groundwater.  With the depletion of DO, anaerobic 
microbes will use other electron acceptors.  However, DO data are the most unreliable of natural 
attenuation parameter information because of the uncertainty associated with the measurement. 

DO concentrations reported in groundwater samples collected at the site range from 0.1 to 
10 mg/L.  In four cases, DO was reported to be greater than 15 mg/L.  These results appear to be 
anomalously high.  However, high DO values are typically associated with lower water 
temperatures.  As shown in Table 4-13, DO concentrations equal to or less than 0.5 mg/L were 
reported from wells 03-105 and HMW-303-11.  Well 03-105 is located in the extreme northern 
portion of the investigated area and is associated with the DRO release from SWMU 62 (Sandy 
Cove area).  Well HMW-303-11 is located in the extreme southern portion of the investigated 
area and is an area where the GRO impacts related to Area 303 overlap with DRO impacts from 
SWMU 62 (Eagle Bay Housing Area).  Both of these wells appear to be situated near plume 
boundaries.  DO was greater than 0.5 mg/L at all the remaining sampled locations, indicating the 
aerobic conditions still exist within most of the dissolved GRO plume area. 
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When nitrate is exhausted, or, as is generally the case on Adak, not present, ferric iron (Fe [III]) 
is used by bacteria to degrade petroleum hydrocarbons.  If a suitable source of iron is present and 
the groundwater lacks DO or nitrate, microbes may begin reducing Fe [III] to ferrous iron (Fe 
[II]).  The natural conditions on Adak provide an abundance of Fe (III), which is insoluble.  Fe 
(II) concentrations measured in groundwater samples collected at the site ranged from 0 to 
4.4 mg/L.  Fe (II) was not detected in groundwater samples from six wells and less than or equal 
to 3 mg/L in 24 wells.  These results indicate that some Fe (III) is being consumed by anaerobic 
bacteria to degrade petroleum hydrocarbons within the dissolved plume at the site.  However, it 
is also likely limited by the elevated DO available for use. 

As the bioavailable iron is consumed, bacteria will begin using sulfates to degrade hydrocarbons 
(Wiedemeier et al. 1995).  During this process, sulfate is reduced to sulfide.  Therefore, the 
reduction of sulfate is an indicator of ongoing biodegradation.  Sulfate concentrations measured 
in groundwater samples at the site ranged from not detected at 0.4 to 35.3 mg/L.  The average 
sulfate concentration was 5.5 mg/L.  The background sulfate concentration measured at E-701 in 
2004 was 4.07 mg/L.  Thirty-one of the 35 groundwater samples contained sulfate at 10 mg/L or 
less.  The highest sulfate concentrations were measured in samples from wells MW-303-27, 
MW-303-30, and MW-303-33.  The highest sulfate concentration was measured in the sample 
from well MW-303-30, which also contained the highest GRO concentration of 36,600 µg/L.  
The next highest sulfate concentration was measured in the sample from well MW-303-33, 
which contained GRO at a concentration of 975 µg/L.  If sulfate reduction is an ongoing 
mechanism, it is expected that a direct relationship of sulfate to GRO concentration would be 
observed, i.e., high GRO with high sulfate and low GRO with low sulfate.  The observed sulfate 
concentrations do not conform to this expected relationship.  As a result, biodegradation of 
petroleum hydrocarbons through sulfate reduction does not appear to be a strong mechanism at 
the site at this time. 

The last reaction in the thermodynamic sequence of petroleum hydrocarbon degradation by 
biologic activity in groundwater is the conversion of carbon dioxide in groundwater to methane 
(methanogenesis).  This process only occurs after oxygen, nitrates, Fe (III), and sulfates have 
been depleted in the treatment zone (Wiedemeier et al. 1995).  The presence of methane 
indicates a strongly reducing environment.  Once generated, methane is persistent and mobile.  
Dissolved methane was detected in 24 of 35 analyzed samples at concentrations ranging from 
0.017 to 8.2 mg/L.  Carbon dioxide concentrations ranged from 11 to 180 mg/L, with an average 
of 50 mg/L.  These carbon dioxide concentrations are elevated relative to the background 
concentration of less than 10 mg/L measured at E-701 during 2004.  The low dissolved methane 
and elevated carbon dioxide concentrations suggest that biodegradation of petroleum 
hydrocarbons through methanogenesis is not a strong mechanism at the site at this time. 
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Microbial activity produces carbon dioxide and increases the carbonate content, measured as 
alkalinity, in groundwater.  Because microbial activity is generally higher in petroleum-
contaminated groundwater, these areas typically have higher alkalinity than noncontaminated 
groundwater (Wiedemeier et al. 1995).  Variations in alkalinity are most pronounced where 
aerobic biodegradation is prevalent, or when anaerobic activity that involves the use of nitrate, 
iron, or sulfate is ongoing.  Methanogenesis generally reduces alkalinity since carbon dioxide in 
groundwater (which is used in the degradation process) is generally in equilibrium with 
dissolved carbonates, which alkalinity measures.  Alkalinity concentrations measured in 
groundwater samples collected at the site ranged from 7.3 to 175 mg/L with an average of 
79.1 mg/L.  Alkalinity was measured at 22.5 mg/L in the background location E-701 during 
2004. 

These results suggest that aerobic degradation of petroleum hydrocarbons is occurring at the site.  
In general, it appears that aerobic degradation is the dominant natural attenuation process 
currently operating at the site. 

4.7 POTENTIAL SUBSURFACE PETROLEUM DISTRIBUTION MECHANISM 

The distribution of petroleum-related chemicals in the subsurface appears to be controlled not 
only by the release point and mechanism, but also by local geologic conditions.  It appears that 
the source of petroleum-related chemicals in soil and groundwater at Area 303 originated from 
the 8-inch AVGAS pipeline located just east of Main Road.   

Figure 4-1 shows the location of lower permeability layers (silt and fine-grained sand with clay 
and organics) in the subsurface above the primary aquifer, which could have a significant effect 
on migration of a release in the area through the vadose zone.  These layers have a lower 
permeability than the medium- to fine-grained sand above and below these layers.  The pipeline 
was identified at a depth of approximately 5 feet bgs in the area of well MW-303-28.  Two lower 
permeability layers were identified in the area of the suspected leak in the AVGAS pipeline near 
GP-303-23.  The shallower lower permeability layer is present at GP-303-23 and GP-303-22 at a 
depth of approximately 5 to 7 feet bgs (immediately below the approximate depth of the 
pipeline) with a thickness of approximately 1.5 to 2 feet.  This layer slopes downward to the 
south towards GP-303-22.  The second lower permeability layer exists below the first layer at 
approximately 7.5 feet bgs at MW-303-28 to 9 feet bgs at GP-303-22 and GP-303-22a.  This 
layer varies in thickness from 0.5 to 2.5 feet at these three locations and pinches out near GP-
303-22c.  This layer slopes downward to the southeast towards GP-303-22c.  A fuel release in 
this immediate area could have pooled on top of one or both of the silt and clay layers, migrated 
down slope on top of the layer(s) to the south and east until it reached the end of the layer, such 
as near GP-303-22c, and then continued down to the groundwater.  Additionally, the zone of 
cobbles above the silty clayey layer directly below the 8-inch AVGAS pipeline (Figure 4-10) 
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may have been a preferential pathway when the fuel leak occurred, as suggested by the organic 
vapor readings in soil samples from GP-303a.  The influence of these silty clayey layers may 
explain the presence of GRO in the groundwater east and hydraulically upgradient of the 
suspected leak in the pipeline. 

Another layer of lower permeability silt and clay, and in some areas peat, was identified over a 
large portion of Area 303 (Figure 4-1).  The top of this layer was identified from 14 to 18 feet 
bgs, depending upon location, slopes generally to the west, and varies in thickness from 
approximately 1 to 4.5 feet.  This layer was detected at a shallower depth of approximately 6 or 7 
feet bgs in the borings to the west (MW-303-34, MW-303-35, and GP-303-36), because the 
ground elevation is approximately 10 feet lower at these locations.  This layer would also affect 
the transport route of released petroleum-related chemicals through the vadose zone to 
groundwater. 

In addition, the release could have been controlled to some extent by migration along the pipeline 
trench backfill.  The point, therefore, at which the release left the pipeline trench backfill may not 
necessarily be the point at which the pipeline leak occurred.  Branch lines to the main pipeline 
could have also affected the route through the vadose zone to groundwater.  Other leaks in the 
northern portion of the pipeline could have resulted in the GRO and benzene detections observed 
in groundwater in the areas of MW-303-25, MRP-MW2, MW-303-33, and MW-303-32. 

4.8 CONTAMINANT FATE AND TRANSPORT 

This section describes the fate and transport modeling efforts and results of the GRO and 
benzene groundwater plumes at Area 303.  BIOSCREEN, a public domain model, was used to 
evaluate the potential migration of these plumes. 

4.8.1 Modeling Assumptions 

Because of the absence of specific data regarding the release, such as the volume, year, and 
concentrations, the following assumptions were made: 

 The release occurred along the AVGAS pipeline near location GP-303-23. 

 The release occurred in 1994. 

 The GRO and benzene plumes are from one source. 

 Groundwater has not always flowed to the west, resulting in the curved centerline 
for the plume.  (For example, the pumping schedule of the runway ditches may 
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have differed since the release occurred.  Pumping of the runway ditches, 
specifically the East Canal, controls the direction of groundwater flow in 
Area 303.) 

 The degradation rate of the source is calculated by the model. 

 Initial contaminant concentrations and volume of the release are estimated. 

The ability of the model to accurately reflect expected conditions in the future is limited by these 
assumptions. 

4.8.2 Modeling Simulations 

The initial petroleum release at the site was in shallow subsurface soils, most likely from the 
8-inch AVGAS pipeline.  Petroleum-related chemicals subsequently moved downward into the 
regional groundwater aquifer and have since migrated laterally toward the nearest downgradient 
surface water body.  As discussed previously in this FFS report, groundwater beneath the site 
migrates west toward the East Canal of the airport ditch system (Figure 2-3), based on water 
levels measured on July 18, 2006.  The direction of groundwater flow may have varied in the 
past. 

Contaminant fate and transport modeling was conducted to evaluate the potential for petroleum-
related chemicals in groundwater to be transported from beneath Area 303 to the East Canal.  
The existing GRO and benzene plumes were modeled because these chemicals have Alaska DEC 
cleanup criteria.  The extent of the GRO plume generally encompasses other chemical 
exceedances, and benzene, which has a low partition coefficient, will migrate in groundwater 
more rapidly than the other detected chemicals. 

This modeling effort was conducted for the main aquifer beneath the site and does not include 
the perched groundwater zone or contaminants detected in that zone.  It is assumed that the 
perched zone is laterally discontinuous and does not extend to the East Canal. 

Modeling for Area 303 focused on the area between Eagle Bay Housing, the air terminal, and the 
East Canal of the runway ditch system.  The benzene plume to the north of the GCI Compound 
(Figure 4-15) was modeled in the FFS report for SWMU 62 (URS 2005b).  The DRO 
contaminant plumes from the Sandy Cove and Eagle Bay Housing units were also evaluated in 
the same report. 

Analytical data that exist for groundwater samples collected from wells 03-562, MW-303-37, 
and MW-303-36 indicate that petroleum released at Area 303 has not reached the East Canal.  
The EPA-approved BIOSCREEN model was used (USEPA 1996 and Newell et al. 1997) to 
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evaluate whether petroleum-related chemicals released in this area of the site would migrate via 
groundwater transport approximately 975 feet west from the source area to the East Canal at 
concentrations greater than the applicable Alaska DEC cleanup criteria (see Appendix G). 

BIOSCREEN is a screening model that simulates remediation of dissolved petroleum-related 
chemicals in groundwater through natural attenuation processes.  The model is designed to 
simulate biodegradation by both aerobic and anaerobic reactions.  The simulations presented in 
this report were performed using version 1.4 of the BIOSCREEN model developed by the Air 
Force Center for Environmental Excellence (USEPA 1996 and Newell et al. 1997). 

The model was run for GRO and benzene, which have been detected in groundwater samples 
collected from the main aquifer beneath the site at concentrations exceeding the Alaska DEC 
groundwater cleanup criteria for groundwater used as a drinking water source.  The model was 
run at least two times for these petroleum-related chemicals, one simulation to match the 2006 
data and another to predict future conditions.  The first simulation was conducted using 
estimated source concentrations and volumes for GRO and benzene, estimated fraction organic 
carbon, field-measured data, and default values for model inputs.  A simulation time of 12 years 
was used for the first simulation because it represents the estimated time between the pipeline 
leak (when the pipeline was abandoned in 1994) and the 2006 analytical results. 

The second simulation was for an 87-year period to provide predicted concentrations along the 
center line of the dissolved plume.  A simulation period of 87 years was chosen because it 
approximates the period 75 years after the current data (2006).  Because the 87-year simulation 
for GRO showed potential contaminant transport beyond the 975-foot distance to the East Canal 
under the instantaneous reaction, a third simulation was run to estimate the number of years that 
would elapse for GRO concentrations exceeding the Alaska DEC cleanup criterion to reach the 
East Canal. 

The simulations for Area 303 could not be calibrated because there is only one set of analytical 
data.  This area is being evaluated in detail for the first time.  There are no historical 
concentrations from locations within the plume that can be compared to current concentrations 
from the same locations.  Changes in concentrations from the same locations are necessary for 
adequate calibration.  In addition, the GRO plume from the GCI Compound overlaps with the 
northern portion of the Area 303 plume. 

A description of the BIOSCREEN model, the input values used to run model simulations for 
GRO and benzene, and output sheets from the various simulation runs are included as 
Appendix G.  Model input parameters are summarized in Table 4-14.  A detailed description of 
the input parameters (including which parameters have standard, site-specific, or variable values) 
is provided in Appendix G. 
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4.8.3 Model Results 

Results of fate and transport modeling performed for Area 303 using the first-order decay model, 
instantaneous reaction model, and no-degradation model within BIOSCREEN are summarized 
below. 

 GRO: 

- The first-order decay model simulation run for GRO and an 87-year 
period predicts a source concentration in groundwater of approximately 
0.002 mg/L, which is less than the Alaska DEC groundwater cleanup 
criterion of 1.3 mg/L for GRO.  Likewise, this model predicts that 
downgradient GRO concentrations in groundwater would not be 
significantly different than zero. 

- The instantaneous reaction model simulation run for GRO and an 87-year 
period predicts a groundwater source concentration not significantly 
different than zero.  It also predicts that approximately 17 years after the 
release, GRO concentrations would exceed the Alaska DEC groundwater 
cleanup criterion for GRO (1.3 mg/L) at the East Canal (975 feet from the 
source).  The instantaneous reaction model estimates that GRO 
concentrations would be reduced below its cleanup criterion at 975 feet 
from the source approximately 35 years after the release. 

- The no-degradation model simulation run for GRO and an 87-year period 
predicts a source concentration in groundwater of approximately 
0.002 mg/L, which is less than the Alaska DEC groundwater cleanup 
criterion of 1.3 mg/L for GRO.  This model also predicts that 
downgradient GRO concentrations would exceed the Alaska DEC cleanup 
criterion at the East Canal (975 feet from the source) approximately 
14 years after the release.  The no-degradation model estimates that GRO 
concentrations would be reduced below its cleanup criterion at 975 feet 
from the source approximately 54 years after the release. 

 Benzene: 

- The first-order decay model simulation run for benzene and an 87-year 
period predicts a source concentration in groundwater of approximately 
0.099 mg/L, which exceeds the Alaska DEC groundwater cleanup 
criterion of 0.005 mg/L for benzene.  This model also predicts that 
downgradient benzene concentrations in groundwater would equal the 
applicable Alaska DEC groundwater cleanup criterion of 0.005 mg/L at 
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600 feet of the source, but would not be significantly different than zero at 
the East Canal. 

- The instantaneous reaction model simulation run for benzene and an 
87-year period predicts that both source area and downgradient benzene 
concentrations in groundwater would not be significantly different than 
zero. 

- The no-degradation model simulation run for benzene and an 87-year 
period predicts a source concentration in groundwater of approximately 
0.099 mg/L, which exceeds the Alaska DEC groundwater cleanup 
criterion of 0.005 mg/L for benzene.  This model also predicts that 
downgradient benzene concentrations would be approximately 0.085 mg/L 
near the East Canal, which is also in excess of the applicable Alaska DEC 
cleanup level. 

Fate and transport modeling performed for this area using the BIOSCREEN first-order decay 
model predicts that benzene concentrations in source area groundwater would remain above the 
applicable Alaska DEC groundwater cleanup criterion of 0.005 mg/L beyond the 87-year 
simulation period.  However, model simulations predict that benzene concentrations in 
groundwater would decrease to levels less than the applicable Alaska DEC cleanup criterion 
prior to reaching the East Canal of the airport ditch system.  This model predicts that the GRO 
concentrations in source area groundwater and downgradient would decrease to levels below the 
Alaska DEC cleanup level of 1.3 mg/L.  These results are consistent with the limitations of the 
first-order decay model within BIOSCREEN (Appendix G). 

Fate and transport modeling performed for this area using the BIOSCREEN instantaneous 
reaction model predicts that GRO and benzene concentrations in both source area groundwater 
would decrease to levels below the applicable Alaska DEC groundwater cleanup criteria 
(1.3 mg/L for GRO and 0.005 mg/L for benzene) within the 87-year simulation period.  Benzene 
would also decrease to levels below the applicable Alaska DEC groundwater cleanup criterion 
downgradient.  However, model simulations predict that GRO in excess of the applicable Alaska 
DEC cleanup criterion (1.3 mg/L) in downgradient groundwater would reach the East Canal 
approximately 17 years (approximately 2009 or 2010) after the release.  Monitoring of the site 
will confirm this prediction.  These results are consistent with the limitations of the instantaneous 
reaction model within BIOSCREEN (Appendix G). 

Fate and transport modeling performed for this area using the BIOSCREEN no-degradation 
model predict that GRO concentrations in the source area groundwater would decrease to levels 
below the applicable Alaska DEC groundwater cleanup criterion of 1.3 mg/L within the 87-year 
simulation period.  However, GRO concentrations in excess of 1.3 mg/L would reach the East 
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Canal in approximately 14 years.  Because monitoring results show that detectable GRO 
concentrations have not reached the East Canal in approximately 14 years after the releases, the 
no-degradation model is overly conservative and not accurate.  Benzene concentrations in the 
source area and at the East Canal would exceed the Alaska DEC groundwater cleanup criterion 
of 0.005 mg/L in the source area within the 87-year simulation period. 

Based on estimates produced by the first-order decay model component of BIOSCREEN, it 
appears that benzene would not be transported from the source area to the East Canal of the 
airport ditch system at concentrations greater than the Alaska DEC groundwater cleanup 
criterion of 0.005 mg/L.  This conclusion is supported for benzene by the instantaneous reaction 
model component of BIOSCREEN and current sampling results. 

Based on estimates produced by the first-order decay model component of BIOSCREEN, it 
appears that GRO would not be transported from the source area to the East Canal of the airport 
ditch system at concentrations greater than the Alaska DEC groundwater cleanup criterion of 
1.3 mg/L.  However, the instantaneous reaction model predicts that GRO concentrations would 
exceed its cleanup criterion at the East Canal approximately 17 years after the release occurred. 
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Table 4-1 
Summary of Analytical Results for GRO, DRO, and RRO in 2006 Soil Samples, Area 303 

Location Location Cross   Depth Range GRO DRO RRO 
ID Reference Sample Date (feet bgs) (mg/kg) (mg/kg) (mg/kg) 

822 MW-303-22 06/24/06 14 - 15 4.25 U 43.5   34.9 U 
      24 - 25 3.38 U 4.63 U 28.9 U 
823 MW-303-23 06/22/06 16 - 17 3.44 U 4.28 U 26.7 U 
      25 - 26 3.52 U 5.21 U 32.5 U 
824 MW-303-24 06/22/06 15.5 - 16.5 15   5.84 U 36.5 U 
      25 - 26 3.57 U 5.09 U 31.8 U 
825 MW-303-25 06/22/06 9 - 10 3.78 U 5.19 U 32.5 U 
826 MW-303-26 06/12/06 16 - 17 53.5 J 32.3   463   
      21 - 22 3.7 U 4.99 U 31.2 U 
827 MW-303-27 06/13/06 14 - 15 58.3 J 6.7 U 41.8 U 
      24 - 25 3,290 J 15.9   30.8 U 
828 MW-303-28 06/19/06 7 - 9 39.9 J 7.12 U 44.5 U 
      26 - 27 3.55 U 4.45 U 27.8 U 
829 MW-303-29 06/20/06 16.5 - 17 51.8 J 603 J 929 J 
      25 - 26 106 J 52.4   84.3   
830 MW-303-30 06/23/06 15.5 - 16.5 8.23   713   166   
      24 - 25 2,700 J 1,000   146 U 
831 MW-303-31 06/23/06 18 - 19 44.4 J 30.7   245   
      25 - 26 6,830 J 516   152 U 
832 MW-303-32 06/12/06 15.5 - 16 10 U 19.1   333   
      21 - 21.5 4.01 U 5.22 U 32.6 U 
833 MW-303-33 06/19/06 12 - 13 4.35   10.4   29.5   
      19 - 20 3.42 U 4.34 U 27.1 U 
834 MW-303-34 06/16/06 11 - 12 3.27 U 4.81 U 30.1 U 
835 MW-303-35 06/16/06 7.5 - 8 7.05 U 18   359   
      9.5 - 10 3.97 U 4.75 U 29.7 U 
836 MW-303-36 06/16/06 9.5 - 10.5 3.02 U 4.85 U 30.3 U 
837 MW-303-37 06/20/06 9 - 10 3.37 U 4.99 U 31.2 U 

Screening Criteriaa 1,400   8,250   8,300   
Screening Criteriab 1,400   12,500   22,000   
Screening Criteriac 260   230   9,700   

aAlaska DEC Method 2 soil criteria for human ingestion 
bAlaska DEC Method 2 soil criteria for human inhalation 
cAlaska DEC Method 2 soil criteria to prevent migration to groundwater 
Notes: 
Boldface type indicates detected concentrations that exceed the most stringent Alaska DEC Method 2 soil criteria. 
bgs - below ground surface 
DEC - Department of Environmental Conservation 
DRO - diesel-range organics 
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Table 4-1 (Continued) 
Summary of Analytical Results for GRO, DRO, and RRO in 2006 Soil Samples, Area 303 

 

GRO - gasoline-range organics 
J - estimated concentration 
mg/kg - milligram per kilogram 
RRO - residual-range organics 
U - chemical not detected at concentration shown  
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Location Location Cross Sample Depth Range
ID Reference Date (feet bgs)

822 MW-303-22 06/24/06 14 - 15 0.00202 U 0.0054 U 0.00202 U 0.0135 U 0.00674 U 0.00674 U 0.00169 U 0.00674 U
24 - 25 0.00186 U 0.00495 U 0.00186 U 0.0124 U 0.00619 U 0.00619 U 0.00155 U 0.00619 U

823 MW-303-23 06/22/06 16 - 17 0.00202 U 0.00537 U 0.00202 U 0.0134 U 0.00672 U 0.00672 U 0.00168 U 0.00672 U
25 - 26 0.00202 U 0.00538 U 0.00202 U 0.0134 U 0.00672 U 0.00672 U 0.00168 U 0.00672 U

824 MW-303-24 06/22/06 15.5 - 16.5 0.00225 U 0.00601 U 0.00225 U 0.015 U 0.00751 U 0.00751 U 0.00188 U 0.00751 U
25 - 26 0.002 U 0.00534 U 0.002 U 0.0134 U 0.00668 U 0.00668 U 0.00167 U 0.00668 U

825 MW-303-25 06/22/06 9 - 10 0.0019 U 0.00506 U 0.0019 U 0.0127 U 0.00633 U 0.00633 U 0.00158 U 0.00633 U
826 MW-303-26 06/12/06 16 - 17 0.555 0.348 0.258 U 16 0.909 0.258 U 0.258 U 0.404

21 - 22 0.00182 U 0.00485 U 0.00182 U 0.0121 U 0.00606 U 0.00606 U 0.00151 U 0.00606 U
827 MW-303-27 06/13/06 14 - 15 0.00886 0.472 0.0906 2.39 0.318 0.0108 U 0.00269 U 0.189

24 - 25 11.4 U 152 117 833 160 11.4 U 11.4 U 76.6
828 MW-303-28 06/19/06 7 - 9 0.201 U 1.9 0.201 U 5.24 0.897 0.201 U 0.201 U 0.594

26 - 27 0.00189 U 0.00504 U 0.00189 U 0.0126 U 0.0063 U 0.0063 U 0.00157 U 0.0063 U
829 MW-303-29 06/20/06 16.5 - 17 0.0404 0.0985 0.00185 U 0.199 0.00616 U 0.00616 U 0.00154 U 0.00616 U

25 - 26 0.126 U 2.78 7.04 6.88 0.49 0.126 U 0.126 U 0.29
830 MW-303-30 06/23/06 15.5 - 16.5 0.00195 U 0.00845 0.00195 U 0.013 U 0.0269 0.00649 U 0.00162 U 0.0113

24 - 25 0.128 U 57.1 3.36 93.9 30.4 0.128 U 0.128 U 27.6
831 MW-303-31 06/23/06 18 - 19 0.243 U 1.51 0.243 U 6.47 0.682 0.243 U 0.243 U 0.409

25 - 26 0.28 J 203 216 800 126 0.119 UJ 0.119 UJ 60.3
832 MW-303-32 06/12/06 15.5 - 16 0.00314 U 0.00838 U 0.00314 U 0.0271 J 0.0105 U 0.0105 U 0.00262 U 0.0105 U

21 - 21.5 0.00518 0.00527 U 0.00198 U 0.0264 0.00659 U 0.00659 U 0.00165 U 0.00659 U
833 MW-303-33 06/19/06 12 - 13 0.00166 U 0.00443 U 0.00166 U 0.0111 U 0.00553 U 0.00553 U 0.00138 U 0.00553 U

19 - 20 0.00175 U 0.00466 U 0.00175 U 0.0116 U 0.00582 U 0.00582 U 0.00146 U 0.00582 U
834 MW-303-34 06/16/06 11 - 12 0.00182 U 0.00485 U 0.00182 U 0.0121 U 0.00606 U 0.00606 U 0.00152 U 0.00606 U
835 MW-303-35 06/16/06 7.5 - 8 0.00341 U 0.00909 U 0.00341 U 0.0227 U 0.0114 U 0.0114 U 0.00284 U 0.0114 U

9.5 - 10 0.00191 U 0.00509 U 0.00191 U 0.0127 U 0.00636 U 0.00636 U 0.00159 U 0.00636 U
836 MW-303-36 06/16/06 9.5 - 10.5 0.00199 U 0.0053 U 0.00199 U 0.0133 U 0.00663 U 0.00663 U 0.00166 U 0.00663 U
837 MW-303-37 06/20/06 9 - 10 0.00185 U 0.00493 U 0.00185 U 0.0123 U 0.00617 U 0.00617 U 0.00154 U 0.00617 U

120 8,300 17,000 166,000 NE NE 75 NE
6.4 89 180 81 NE NE 3.5 NE

0.02 5 4.8 69 NE NE 0.01 NE

Ethylbenzene TolueneBenzene

Screening Criteriaa

Table 4-2
Summary of Analytical Results for Volatile Organic Compounds in 2006 Soil Samples, Area 303

1,2-
Dichloroethane

1,3,5-Trimethyl-
benzeneTotal Xylenes

1,2,4-Trimethyl-
benzene

1,2-
Dibromoethane

Screening Criteriab

Screening Criteriac

(mg/kg)(mg/kg) (mg/kg) (mg/kg)(mg/kg)(mg/kg) (mg/kg)(mg/kg)

U:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Final FFS Revision 1\Final FFS Report, Revision 1 to Client\Tables (not embedded in text)\Table 4-2
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aAlaska DEC Method 2 soil criteria for human ingestion
bAlaska DEC Method 2 soil criteria for human inhalation
cAlaska DEC Method 2 soil criteria to prevent migration to groundwater

Notes:
Boldface type indicates detected concentrations that exceed the most stringent Alaska DEC Method 2 soil criteria.
bgs - below ground surface
DEC - Department of Environmental Conservation
J - estimated concentration
mg/kg - milligram per kilogram
NE - not established
U - chemical not detected at concentration shown

Table 4-2 (Continued)
Summary of Analytical Results for Volatile Organic Compounds in 2006 Soil Samples, Area 303

U:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Final FFS Revision 1\Final FFS Report, Revision 1 to Client\Tables (not embedded in text)\Table 4-2
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Depth Range
(feet bgs)

822 MW-303-22 06/24/06 14 - 15 NA NA NA NA NA NA NA NA
24 - 25 NA NA NA NA NA NA NA NA

823 MW-303-23 06/22/06 16 - 17 NA NA NA NA NA NA NA NA
25 - 26 NA NA NA NA NA NA NA NA

824 MW-303-24 06/22/06 15.5 - 16.5 NA NA NA NA NA NA NA NA
25 - 26 NA NA NA NA NA NA NA NA

825 MW-303-25 06/22/06 9 - 10 NA NA NA NA NA NA NA NA
826 MW-303-26 06/12/06 16 - 17 NA NA NA NA NA NA NA NA

21 - 22 NA NA NA NA NA NA NA NA
827 MW-303-27 06/13/06 14 - 15 51.945 J 8.69 U 21.245 U 21.245 U 16.9 U 16.9 U 74.2 J 152 U

24 - 25 4,440 J 816 J 293.19 21.77 5.97 U 5.97 U 4,750 J 1,830
828 MW-303-28 06/19/06 8.5 - 9 NA NA NA NA NA NA NA NA

26 - 27 NA NA NA NA NA NA NA NA
829 MW-303-29 06/20/06 16.5 - 17 5.84 U 5.84 U 109.57 29.55 93 6.26 U 40.9 U 219

25 - 26 72.27 J 12.7 U 9.525 U 9.525 U 6.35 U 6.35 U 124 J 57.1 U
830 MW-303-30 06/23/06 15.5 - 16.5 11.185 6.51 U 426.3 105.8 42.5 6.55 U 67.3 611

24 - 25 2,618 J 382 J 934 J 281.2 J 23.9 5.94 U 3,730 J 1,780
831 MW-303-31 06/23/06 18 - 19 34.4 J 12.2 U 14.475 U 14.475 U 9.65 U 9.65 U 85.2 U 86.9 U

25 - 26 6,100 J 1,090 J 464.4 36.7 6.04 U 6.04 U 8,050 J 3,000
832 MW-303-32 06/12/06 15.5 - 16 NA NA NA NA NA NA NA NA

21 - 21.5 NA NA NA NA NA NA NA NA
833 MW-303-33 06/19/06 12 - 13 NA NA NA NA NA NA NA NA

19 - 20 NA NA NA NA NA NA NA NA
834 MW-303-34 06/16/06 11 - 12 NA NA NA NA NA NA NA NA
835 MW-303-35 06/16/06 7.5 - 8 NA NA NA NA NA NA NA NA

9.5 - 10 NA NA NA NA NA NA NA NA
836 MW-303-36 06/16/06 9.5 - 10.5 NA NA NA NA NA NA NA NA
837 MW-303-37 06/20/06 9 - 10 6.17 U 6.17 U 9.355 U 9.355 U 6.27 U 6.27 U 43.2 U 62.7 U

1,000 1,000 8,300 3,300 20,000 2,500 NE NE
1,000 1,000 10,000 5,000 20,000 10,000 NE NE
240 130 6,400 90 20,000 2,900 NE NE

Screening Criteriag

(mg/kg)

Screening Criteriah

Screening Criteriai

Sample Date

C6-C10 

Aliphaticsa

C21-C34 

Aliphaticse

C8-C10 

Aromaticsb

Table 4-3
Summary of Analytical Results for Petroleum Hydrocarbon Fractions in 2006 Soil Samples, Area 303

(mg/kg) (mg/kg) (mg/kg) (mg/kg)

C10-C21 

Aliphaticsc EPH (Total)

C21-C34 

Aromaticsf

(mg/kg)

C10-C21 

Aromaticsd

(mg/kg)
VPH (Total)

(mg/kg)
Location 

ID
Location Cross 

Reference
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aThe C6–C8 and C8–10 values are summed and reported as C6–C10 aliphatics.
bC8–C10 aromatics are reported as provided by analtyical laboratory.
cThe C10–C12, C12–C16, and C16-C21 values are summed and reported as C10–C21 aliphatics.
dThe C10–C12, C12–C16, and C16-C21 values are summed and reported as C10–C21 aromatics.
eC21–C34 aliphatics are reported as provided by analytical laboratory.
fC21–C34 aromatics are reported as provided by analytical laboratory.
gAlaska DEC Method 2 soil criteria for human ingestion.
hAlaska DEC Method 2 soil criteria for human inhalation.
iAlaska DEC Method 2 soil criteria to prevent migration to groundwater.

Notes:
Boldface type indicates detected concentrations that exceed the most stringent Alaska DEC Method 2 soil criteria.
When there are detected results, the reported concentrations are selected for summing and any data qualifiers are carried forward.  When there are nondetected results, one-half of the reported detection limit values are selected for summing, and 
any data qualifiers are carried forward.  When there are nondetected results summed with detected results, one-half of the reported detection limit for the nondetect was added to the detected value, and only data qualifiers for the detected 
value were carried forward.
bgs - below ground surface
DEC - Department of Environmental Conservation
EPH - extractable petroleum hydrocarbons
J - estimated concentration
mg/kg - milligram per kilogram
NA - not analyzed
NE - not established
U - chemical not detected at concentration shown
VPH - volatile petroleum hydrocarbons

Summary of Analytical Results Petroleum Hydrocarbon Fractions in 2006 Soil Samples, Area 303
Table 4-3 (Continued)
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Number of Number of

Minimum
Detected

Value

Average
Detected

Value

Maximum
Detected

Value

Minimum
Practical

Quantitation
Limit

Average
Practical

Quantitation
Limit

Maximum
Practical

Quantitation
Limit

Screening

Criteriaa

Screening

Criteriab

Screening

Criteriac

Number of
Detections

Exceeding the
Most Stringent

Screening

Number of PQLs
Exceeding the
Most Stringent

Screening
Compound Analyses Detections (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) Criteria Criteria

Naphthalene 28 7 0.0208 0.4335 1.53 0.0104 0.0177 0.0443 1,700 92 19 0 0
Acenaphthylene 28 0 0 0 0 0.0104 0.0166 0.0443 5,000 NV 190 0 0
Acenaphthene 28 1 0.267 0.2670 0.267 0.0104 0.0167 0.0443 5,000 NV 190 0 0
Fluorene 28 6 0.0133 0.1282 0.25 0.0104 0.0178 0.0443 3,300 NV 240 0 0
Fluoranthene 28 5 0.0139 0.0162 0.0179 0.0104 0.0175 0.0443 3,300 NV 1,900 0 0
Phenanthrene 28 5 0.0147 0.1559 0.269 0.0104 0.0175 0.0443 24,900 NV 3,900 0 0
Pyrene 28 5 0.0201 0.0270 0.0363 0.0104 0.0175 0.0443 2,500 NV 1,400 0 0
Benzo(g,h,i)perylene 28 1 0.067 0.0670 0.067 0.0104 0.0156 0.0427 2,500 NV 1,400 0 0
2-Methylnaphthalene 28 7 0.0162 0.5836 1.42 0.0104 0.0180 0.0443 1,700 92 19 0 0
Anthracene 28 0 0 0 0 0.0104 0.0166 0.0443 24,900 NV 3,900 0 0

Chrysene 28 0 0 0 0 0.0166 0.0166 0.0443 930 NV 550 0 0
Benzo(a)pyrene 28 0 0 0 0 0.0104 0.0166 0.0443 0.9 NV 2.4 0 0
Benzo(a)anthracene 28 0 0 0 0 0.0104 0.0166 0.0443 9 NV 5.5 0 0
Benzo(b)fluoranthene 28 0 0 0 0 0.0104 0.0166 0.0443 9 NV 17 0 0
Benzo(k)fluoranthene 28 0 0 0 0 0.0104 0.0166 0.0443 93 NV 170 0 0
Dibenz(a,h)anthracene 28 1 0.1 0.1 0.1 0.0104 0.0156 0.0427 0.9 NV 5 0 0
Indeno(1,2,3-cd)pyrene 28 1 0.0738 0.0738 0.0738 0.0104 0.0156 0.0427 9 NV 50 0 0

aAlaska DEC Method 2 soil criteria for human ingestion
bAlaska DEC Method 2 soil criteria for human inhalation
cAlaska DEC Method 2 soil criteria to prevent migration to groundwater

Notes:
DEC - Department of Environmental Conservation
mg/kg - milligram per kilogram
NV - not volatile
PQLs - practical quantitation limits

Carcinogenic Polycyclic Aromatic Hydrocarbons

Table 4-4
Summary of Analytical Results for Polycyclic Aromatic Hydrocarbons in 2006 Soil Samples, Area 303

Noncarcinogenic Polycyclic Aromatic Hydrocarbons
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Table 4-5 
Summary of Analytical Results for Total Lead in 2006 Soil Samples, Area 303 

Location Location Cross Sample Depth Range Total Lead 
ID Reference Date (feet bgs) (mg/kg) 

822 MW-303-22 06/24/06 14 - 15 2.41 J 
      24 - 25 1.05 J 
823 MW-303-23 06/22/06 16 - 17 0.923 J 
      25 - 26 0.915 J 
824 MW-303-24 06/22/06 15.5 - 16.5 0.799 J 
      25 - 26 1.14 J 
825 MW-303-25 06/22/06 9 - 10 1.69 J 
826 MW-303-26 06/12/06 16 - 17 2.53   
      21 - 22 1.19   
827 MW-303-27 06/13/06 14 - 15 1.95   
      24 - 25 14.9   
828 MW-303-28 06/19/06 7 - 9 1.92 J 
      26 - 27 1.33 J 
829 MW-303-29 06/20/06 16.5 - 17 5.63 J 
      25 - 26 1.68 J 
830 MW-303-30 06/23/06 15.5 - 16.5 11.6 J 
      24 - 25 17 J 
831 MW-303-31 06/23/06 18 - 19 1.33 J 
      25 - 26 23.3 J 
832 MW-303-32 06/12/06 15.5 - 16 2.11   
      21 - 21.5 1.08   
833 MW-303-33 06/19/06 12 - 13 1.92 J 
      19 - 20 0.984 J 
834 MW-303-34 06/16/06 11 - 12 1.11   
835 MW-303-35 06/16/06 7.5 - 8 1.97   
      9.5 - 10 1.11   
836 MW-303-36 06/16/06 9.5 - 10.5 0.967   
837 MW-303-37 06/20/06 9 - 10 1.1 J 

Screening Criteriaa 400   
Screening Criteriab 400   
Screening Criteriac NE   

aAlaska DEC Method 2 soil criteria for human ingestion 
bAlaska DEC Method 2 soil criteria for human inhalation 
cAlaska DEC Method 2 soil criteria to prevent migration to groundwater 

Notes: 
bgs - below ground surface 
DEC - Department of Environmental Conservation 
J - estimated concentration 
mg/kg - milligram per kilogram 
NE - not established 
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Table 4-6 
Groundwater Elevations at Area 303, July 18, 2006 

 

Well ID 

Top of Casing 
Elevation (feet 
above MLLW) 

Depth to Free 
Product from 
Top of Casing 

(feet) 

Depth to Water
from Top 
of Casing 

(feet) 

Free-Product 
Thickness 

(feet) 

Elevation of 
Groundwater 
Surface (feet 

above MLLW) 

03-012 9. 27 NA 7.80 NA 1.47 
03-107 31.30 NA  27 .65 NA 3.65 
03-562a 18 .59 NA NA NA NA 
03-895 26.21 NA  21 .80 NA 4.41 
04-210 29.22 NA  24 .91 NA 4.31 
04-211 28.45 NA  23 .89 NA 4.56 
04-213 28.70 NA  23 .84 NA 4.86 
03-104 25.13 NA  19 .55 NA 5.58 
03-105 25.29 NA  19 .50 NA 5.79 
HMW-102-7 24.79 N A 1 8.11 NA 6.68 
HMW-102-10 23.27 N A 1 7.10 NA 6.17 
HMW-303-5 31.19 27 .38 27 .41 0.03 3.80b 
HMW-303-6 32.54 N A 2 8.38 NA 4.16 
HMW-303-11 30.35 2 6.86 2 6.87 0.01 3.49b 
HMW-303-12 29.59 N A 2 5.10 NA 4.49 
MRP-MW1 25.89 N A 1 9.73 NA 6.16 
MRP-MW2 26.99 N A 2 1.25 NA 5.74 
MRP-MW9 28.95 N A 2 3.72 NA 5.23 
HMW-102-8 25.46 N A 1 8.59 NA 6.87 
MW-303-22 33.07 N A 2 7.55 NA 5.52 
MW-303-23 29.60 N A 2 3.96 NA 5.64 
MW-303-24 32.86 N A 2 7.37 NA 5.49 
MW-303-25 29.31 N A 1 2.30 NA 17.01 
MW-303-26 29.17 N A 2 3.74 NA 5.43 
MW-303-27 32.80 N A 2 8.20 NA 4.60 
MW-303-28 32.83 N A 2 8.31 NA 4.52 
MW-303-29 30.98 N A 2 6.87 NA 4.11 
MW-303-30 31.20 2 7.67 2 7.79 0.12 3.51b 
MW-303-31 31.82 2 7.65 2 7.74 0.09 4.15b 
MW-303-32 29.16 N A 2 4.26 NA 4.90 
MW-303-33 29.53 N A 2 4.96 NA 4.57 
MW-303-34 15.75 N A 1 2.09 NA 3.66 
MW-303-35 19.20 N A 1 5.31 NA 3.89 
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Table 4-6 (Continued) 
Groundwater Elevations at Area 303, July 18, 2006 

 

Well ID 

Top of Casing 
Elevation (feet 
above MLLW) 

Depth to Free 
Product from 
Top of Casing 

(feet) 

Depth to Water
from Top 
of Casing 

(feet) 

Free-Product 
Thickness 

(feet) 

Elevation of 
Groundwater 
Surface (feet 

above MLLW) 

MW-303-36 17.09 N A 1 3.55 NA 3.54 
MW-303-37 16.23 N A 1 3.33 NA 2.90 

aNo water level measurement to the nearest 0.01 foot could be measured because the water level probe could not be 
  inserted into this 0.5-inch-diameter Geoprobe well. 
bGroundwater elevation was adjusted where free product was present.  Assuming the specific gravity of the free 
  product is approximately 0.80 of water, the adjusted elevation equals measured elevation of the groundwater/free 
  product interface plus the thickness of the free product times 0.80. 

Notes: 
MLLW - mean lower low water 
NA - not applicable 
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Table 4-7 
Summary of Field Parameter Results During 2006 Groundwater Samples From 

Monitoring Wells, Area 303
 

Location 
ID 

Location 
Cross 

Reference 
DO 

(mg/L) 
pH 

(SU) 
ORP
(mV) 

Salinity
(ppt) 

Specific 
Conductance

µS/cm 
Temperature 

(°C) 
Turbidity

(NTU) 

12 03 -012 7.07 6.08 189 0 0.132 4.55 22.4 
104 03 -104 0.13 6 31 0.02 0.437 7.15 0 
105 03 -105 0 5.67 38 0.01 0.299 7.24 81.9 
107 03 -107 0.49 5.83 -24 0.01 0.244 5.55 46 
562 03 -562 7.44 5.71 220 0 0.102 6.06 46 
895 03 -895 7.37 5.27 178 0 0.106 5.06 6.1 
210 04 -210 0 6.03 -2 0.01 0.266 6.38 148 
211 04 -211 0 6.03 -10 0.02 0.387 6.22 4.4 
213 04 -213 0 6.03 -7 0.01 0.24 6.67 429 
769 HM W-102-10 5.8 5.86 121 0.01 0.217 5.73 104 
766 HM W-102-7 0.96 5.59 118 0.01 0.289 7.71 53.7 
767 HM W-102-8 5 5.36 224 0.01 0.236 6.52 54.6 
581 HM W-303-11 0.37 5.63 -24 0.01 0.364 8.39 3.5 
582 H MW-303-12 10.71 5.9 192 0 0.12 6.87 38.8 
575 HM W-303-5 0.3 5.72 -24 0.01 0.344 7.38 13.8 
576 HM W-303-6 0.54 5.71 67 0.01 0.278 6.39 0 
750 M RP-MW1 0.49 5.73 50 0.01 0.238 5.55 67.1 
751 M RP-MW2 0.4 5.77 -21 0.01 0.32 7.3 3.4 
109 M RP-MW9 1.96 5.88 179 0.01 0.143 6.71 0 
822 M W-303-22 0.7 5.73 84 0.01 0.196 8.27 59 
823 M W-303-23 7.52 5.6 128 0.01 0.184 13 320 
824 MW-303-24 0. 69 5.96 31  0.02 0.401 8.54 220 
825 M W-303-25 2.3 6.13 41 0.01 0.17 4.79 67.6 
826 M W-303-26 0 6.28 31 0.01 0.161 6.76 143 
827 MW-303-27 0. 52 6.06 63  0.01 0.365 9.06 113 
828 MW-303-28 1. 12 5.88 67  0.01 0.316 11.22 160 
829 M W-303-29 0 5.98 54 0.01 0.188 7.36 48.1 
830 MW-303-30 1. 02 5.86 63  0.02 0.428 7.58 62.3 
831 M W-303-31 0.3 5.91 62 0.01 0.156 7.22 49 
832 M W-303-32 0.08 6.23 -12 0.02 0.455 7.01 224 
833 M W-303-33 0.08 6.24 9 0.02 0.511 7.61 65.5 
834 M W-303-34 0 6.18 -31 0.02 0.506 5.8 290 
835 M W-303-35 0 6.18 35 0.01 0.186 6.51 255 
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Table 4-7 (Continued) 
Summary of Field Parameter Results During 2006 Groundwater Samples From 

Monitoring Wells, Area 303 

 

Location 
ID 

Location 
Cross 

Reference 
DO 

(mg/L) 
pH 

(SU) 
ORP
(mV) 

Salinity
(ppt) 

Specific 
Conductance

µS/cm 
Temperature 

(°C) 
Turbidity

(NTU) 

836 M W-303-36 8.41 5.58 133 0 0.112 5.59 313 
837 M W-303-37 8.75 5.7 105 0 0.088 6.58 190 

Notes: 
°C - degree Celsius 
DO - dissolved oxygen 
µS/cm - microsiemens per centimeter 
mg/L - milligram per liter 
mV - millivolt 
NTU - nephelometric unit 
ORP - oxidization-reduction potential 
ppt - parts per thousand 
SU - standard unit 
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Table 4-8 
Summary of DRO, GRO, and RRO Results During 2006 
Groundwater Samples From Monitoring Wells, Area 303

 

Location 
ID 

Location 
Cross-Reference 

Gasoline-Range 
Organics 

(µg/L) 

Diesel-Range 
Organics 

(µg/L) 

Residual-Range 
Organics 

(µg/L) 

12 03-012 50 U 97.1 U 728 U 
104 0 3-104 116 14,800 7,430 U 
105 0 3-105 194 21,300 J 7,210 U 
107 0 3-107 13,500 J 987 75 0 U 
109 MRP-MW9 61.8 102 U 765 U 
210 0 4-210 8,090 294 76 5 U 
211 0 4-211 4,890 J 225 76 5 U 
213 0 4-213 3,990 J 123 72 8 U 
562 03-562 50 U 96.2 U 721 U 
575 H MW-303-5 575 21,400 J 7,430 U 
576 H MW-303-6 708 J 6,460 1,530 U 
581 H MW-303-11 1,540 J 4,150 J 4,030 U 
582 HMW-303-12 50 U 97.1 U 728 U 
750 MRP- MW1 227 3,490 3,640 U 
751 MRP- MW2 6,210 J 428 75 0 U 
766 HM W-102-7 50 U 1,140 721 U 
767 H MW-102-8 50 U 138 833 U 
769 H MW-102-10 50 U 330 728 U 
822 M W-303-22 50 U 147 75 8 U 
823 M W-303-23 50 U 131 80 6 U 
824 M W-303-24 160 150 708 U 
825 M W-303-25 4,820 J 209 77 3 U 
826 MW-303-26 545 J 187 J 765 U 
827 M W-303-27 27,400 J 364 79 8 U 
828 M W-303-28 14,900 J 806 79 8 U 
829 M W-303-29 5,840 J 220 79 8 U 
830 M W-303-30 36,600 J 813 83 3 U 
831 M W-303-31 17,600 J 105 U 789 U 
832 M W-303-32 608 J 2,040 806 U 
833 M W-303-33 975 728 781 U 
834 M W-303-34 902 502 765 U 
835 MW-303-35 50 U 103 U 773 U 
836 MW-303-36 50 U 102 U 765 U 
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Table 4-8 (Continued) 
Summary of DRO, GRO, and RRO Results During 2006 
Groundwater Samples From Monitoring Wells, Area 303 

 

Location 
ID 

Location 
Cross-Reference 

Gasoline-Range 
Organics 

(µg/L) 

Diesel-Range 
Organics 

(µg/L) 

Residual-Range 
Organics 

(µg/L) 

837 MW-303-37 50 U 101 U 758 U 
895 03-895 50 U 97.1 U 728 U 

Alaska DEC Cleanup Levels 1,300 1,500 1,100 

Notes: 
Bolded font indicates exceedance of Alaska DEC cleanup level 
DEC - Department of Environmental Conservation 
J - estimated concentration 
U - analyte not detected at a concentration greater than the specified reporting limit 
µg/L - microgram per liter 
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Table 4-9 
Summary of VOCs in 2006 Groundwater Samples From Monitoring Wells, Area 303

Location 
ID 

Location 
Cross- 

Reference 
Benzene 
(µg/L) 

Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

Total 
Xylenes 
(µg/L) 

1,2- 
Dibromo- 

ethane 
(µg/L) 

1,2- 
Dichloro- 

ethane 
(µg/L) 

1,2,4- 
Trimethyl-

benzene 
(µg/L) 

1,3,5- 
Trimethyl-

benzene 
(µg/L) 

Summed 
Trimethyl-
benzenea 

(µg/L) 

12 03-012 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
104 03-104 1 U 1 U 1.27 10.1 1 U 1 U 19.2 5.62 24.82b 

105 03-105 1 U 1 U 1 U 8.29 1 U 1 U 5.74 14.6 20.34b 
107 0 3-107 12.4 455 636 1,620 1 U 1 U 135 55.8 190.8b 
109 MRP-MW9 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
210 0 4-210 3.49 J 6.33 J 97.2 280 1 U 1 U 68.4 23.1 J 91.5 Jb 
211 04-211 1.72 J 1.38 J 17.6 J 54.4 J 1 U 1 U 33.9 J 16.1 J 50b 
213 04-213 1 U 1 U 7.39 22.8 1 U 1 U 74.8 32 106.8b 
562 03-562 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
575 HMW-303-5 1 U 3.25 13.3 77.7 1 U 1 U 104 34.5 138.5b 
576 HMW-303-6 1 U 1 U 6.52 68.7 1 U 1 U 184 31.5 215.5b 
581 HMW-303-11 1.2 1.48 22 61.3 1 U 1 U 136 22.2 159b 
582 HMW-303-12 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
750 MRP-MW1 1 U 1 U 4.64 6.29 1 U 1 U 35.8 18 53.8b 
751 MRP- MW2 43.4 3.69 142 1,190 1 U 1 U 60.9 40.8 101.7b 
766 HMW-102-7 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
767 HMW-102-8 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
769 HMW-102-10 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
822 MW-303-22 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
823 MW-303-23 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
824 MW-303-24 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
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Table 4-9 (Continued) 
Summary of VOCs in 2006 Groundwater Samples From Monitoring Wells, Area 303 

 

Location 
ID 

Location 
Cross- 

Reference 
Benzene 
(µg/L) 

Toluene
(µg/L) 

Ethylbenzene
(µg/L) 

Total 
Xylenes 
(µg/L) 

1,2- 
Dibromo- 

ethane 
(µg/L) 

1,2- 
Dichloro- 

ethane 
(µg/L) 

1,2,4- 
Trimethyl-

benzene 
(µg/L) 

1,3,5- 
Trimethyl-

benzene 
(µg/L) 

Summed 
Trimethyl-
benzenea 

(µg/L) 

825 MW-303-25 1 U 2.04 34.7 1,280 1 U 1 U 69.9 25.2 95.1b 
826 MW-303-26 1.57 1 U 1 U 76.3 1 U 1 U 8.2 2.21 10.41 
827 M W-303-27 2.69 J 1,980 818 4,190 1 U 1 U 258 91.6 349.6b 
828 M W-303-28 1.06 J 7.08 1,090 1,880 1 U 1 U 182 82.4 264.4b 
829 MW-303-29 1 U 56 42.6 88.9 1 U 1 U 8.63 3.79 12.42b 
830 M W-303-30 1.02 J 1,800 1,790 3,940 1 U 1 U 168 76.4 244.4b 
831 M W-303-31 6.49 J 1,680 443 1,620 1 U 1 U 79.2 37.8 117b 
832 M W-303-32 12 1 U 1 U 64.7 1 U 1 U 1.48 1 U 2.48 
833 M W-303-33 20.4 1.73 1 U 170 1 U 1 U 18.5 5.91 24.41b 
834 MW-303-34 2.36 1.54 2.1 12.4 1 U 1 U 1.4 2.9 4.3 
835 MW-303-35 0.25 U 0.25 U 0.25 U 3 U 1 U 1 U 0.25 U 0.25 U 0.5 U 
836 MW-303-36 0.25 U 0.25 U 0.25 U 3 U 1 U 1 U 0.25 U 0.25 U 0.5 U 
837 MW-303-37 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 
895 03-895 1 U 1 U 1 U 3 U 1 U 1 U 1 U 1 U 2 U 

Alaska DEC Cleanup 
Level, MCL, or 
Screening Level 5 1 ,000 700 10,000 0.05c 5 1 ,850 1,850 12d 
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Table 4-9 (Continued) 
Summary of VOCs in 2006 Groundwater Samples From Monitoring Wells, Area 303 

 

aValue is the result of summing 1,2,4-trimethylbenzene and 1,3,5 trimethylbenzene results. 
bValue exceeds screening level. 
cMaximum contaminant level 
dScreening level is specified in sampling and analysis plan (URS 2006c). 

Notes: 
Bolded value indicates exceedance of criterion. 
DEC - Department of Environmental Conservation 
J - estimated concentration 
MCL - maximum contaminant level 
U - analyte not detected at a concentration greater than the specified reporting limit 
µg/L - microgram per liter
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Table 4-10 
Summary of Aliphatic and Aromatic Petroleum Hydrocarbon Fractions Results for 

Groundwater Samples Collected from Wells During 2006, Area 303 
 

Location 
ID 

Location 
Cross- 

Reference 

Aliphatics Aromatics 
C6-C10a 
(µg/L) 

C10-C21b

(µg/L) 
C21-C34c

(µg/L) 
C8-C10d

(µg/L) 
C10-C21e 

(µg/L) 
C21-C34f

(µg/L) 

210 0 4-210 2,345 251 U 126 U 373 251 U 126 U 
767 H MW-102-8 50 U 148 U 123 U 50 U 148 U 123 U 
581 H MW-303-11 613 J 642 J 128 U 249 1,465 128 U 
751 M RP-MW2 1,289 J 174.2 J 121 U 1,360 197.5 J 121 U 
827 M W-303-27 6,600 J 73.5 U 49 U 5,670 J 73.5 U 49 U 
829 M W-303-29 2,390 J 75 U 50 U 500 U 75 U 50 U 
830 M W-303-30 7,610 J 72.75 U 50 U 7,250 J 75 U 50 U 
831 M W-303-31 3,380 J 73.5 U 49 U 2,280 J 73.5 U 49 U 
837 M W-303-37 50 U 144.3 U 48.1 U 50 U 144.3 U 48.1 U 

Alaska DEC 
Cleanup level 1,300 

100 
(C10-C25) NE  

7,300 
(C6-C10) 

1,500 
(C10-C25) 

1,100 
(C25-C36) 

 
aThe C6–C8 and C8–10 values are summed and reported as C6–10 aliphatics. 
bThe C10–C12, C12–C16, and C16-C21 values are summed and reported as C10–C21 aliphatics. 
cC21–C34 aliphatics are reported as provided by analytical laboratory. 
dC8–C10 aromatics are reported as provided by analytical laboratory. 
eThe C10–C12, C12–C16, and C16-C21 values are summed and reported as C10–C21 aromatics. 
fC21–C34 aromatics are reported as provided by analytical laboratory. 
 
Notes: 
Bolded value indicates exceedance of Alaska DEC cleanup level. 
When there are detected results, the reported concentrations are selected for summing and any data qualifiers are 
carried forward.  When there are nondetected results, one-half of the reported detection limit values are selected for 
summing, and any data qualifiers are carried forward.  When there are nondetected results summed with detected 
results, one-half of the reported detection limit for the nondetect was added to the detected value, and only data 
qualifiers for the detected value were carried forward. 
NE - not established 
U - analyte not detected at a concentration greater than the specified reporting limit 
µg/L - micrograms per liter 
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Table 4-11 
Summary of PAH Results for Groundwater, Area 303 

 

Analyte 

Number 
of 

Analyses 

Number 
of 

Detections 

Minimum 
Detection or 

Reporting Limit 
(µg/L) 

Average
Detection

(µg/L) 

Maximum 
Detection or 

Reporting Limit 
(µg/L) 

Alaska DEC
Cleanup 

Level 

Number of Detections or 
Reporting Limits Greater

than Cleanup Levels 
Noncarcinogenic PAHs        
2-Methylnaphthalene 3 5 20 0.0962 8.02 50 700a 0 
Acenaphthene 3 5 9 0.0943 0.37 0.7 2,200 0 
Acenaphthylene 3 5 2 0.0943 0.42 0.643 2,200b 0 
Anthracene 3 5 0 0.0943 NA 0.5 11,000 0 
Benzo(g,h,i)perylene 3 5 0 0.0943 NA 0.5 1,100c 0 
Fluoranthene 3 5 1 0.0943 0.646 0.646 1,460 0 
Fluorene 3 5 16 0.0943 0.66 3.08 1,460 0 
Naphthalene 3 5 19 0.0952 12.7 76.9 700 0 
Phenanthrene 3 5 8 0.0943 0.51 1.48 11,000d 0 
Pyrene 3 5 0 0.0943 NA 0.5 1,100 0 
Carcinogenic PAHs        
Benzo(a)anthracene 35 0 0.0943 NA 0.5 1 0 
Benzo(a)pyrene 35  0 0.0943 NA 0. 5 0.2 1 
Benzo(b)fluoranthene 35  0 0.0943 NA 0. 5 1 0 
Benzo(k)fluoranthene 35  0 0.0943 NA 0. 5 10 0  
Chrysene 35  0 0.0943 NA 0. 5 100 0 
Dibenz(a,h)anthracene 35  2 0.0943 0.24 0. 5 0.1 5 
Indeno(1,2,3-cd)pyrene 35  0 0.0943 NA 0. 5 1 0 
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Table 4-11 (Continued) 
Summary of PAH Results for Groundwater, Area 303 

 
aAssumes naphthalene as a surrogate 
bAssumes acenaphthene as a surrogate 
cAssumes pyrene as a surrogate 
dAssumes anthracene as a surrogate 
 
Notes: 
DEC - Department of Environmental Conservation 
µg/L - microgram per liter 
NA - not applicable 
PAHs - polycyclic aromatic hydrocarbons 
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Table 4-12 
Summary of Total and Dissolved Lead Results for Groundwater, Area 303 

Location 
ID 

Location 
Cross-Reference 

Total Lead 
(µg/L) 

Dissolved Lead 
(µg/L) 

12 03-012 1 U 1 U 
104 03-104 1 U 1 U 
105 03-105 1 U 1 U 
107 0 3-107 20.1 16.5 
109 MRP-MW9 1 U 1 U 
210 04 -210 3.72 3.59 
211 04-211 1 U 1 U 
213 0 4-213 16.4 11.4 
562 03-562 1 U 1 U 
575 HMW-303-5 1 U 1 U 
576 HM W-303-6 2.27 1.36 
581 HMW-303-11 1 U 1 U 
582 HMW-303-12 1 U 1 U 
750 MRP-MW1 1 U 1 U 
751 M RP-MW2 2.15 1.73 
766 HMW-102-7 1 U 1 U 
767 HMW-102-8 1 U 1 U 
769 HMW-102-10 1 U 1 U 
822 MW-303-22b 1 U 1 U 
823 MW-303-23c 1 U 1 U 
824 MW-303-24b 1 U 1 U 
825 MW-303-25 1 U 1 U 
826 MW-303-26 1 U 1 U 
827 M W-303-27 49.4 33.8 
828 M W-303-28 53.6 38.7 
829 MW-303-29 1 U 1 U 
830 M W-303-30 77.6 56.1 
831 M W-303-31 1.85 1.38 
832 MW-303-32 1 U 1 U 
833 MW-303-33 1 U 1 U 
834 MW-303-34 1 U 1 U 
835 MW-303-35 1 U 1 U 
836 MW-303-36 1 U 1 U 
837 M W-303-37 8.44 7.65 
895 03-895 1 U 1 U 

Alaska DEC Cleanup Level 15 15  
 

Notes: 
Bolded value indicates exceedance of cleanup level. 
DEC - Department of Environmental Conservation 
U - Analyte not detected at a concentration greater than the specified reporting limit 
µg/L - microgram per liter 
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Table 4-13 
Summary of Natural Attenuation Parameters, Area 303 

Location 
ID 

Location 
Cross- 

Reference 

Field Test Kit Results Laboratory Results 
Carbon 
Dioxide 
(mg/L) 

Dissolved 
Oxygen 
(mg/L) 

Ferrous 
Iron 

(mg/L) 
Alkalinity

(mg/L) 
Sulfate 
(mg/L) 

Dissolved
Methane 
(mg/L) 

12 03 -012 11 9 0 30.2 1.62 0.01 U 
104 0 3-104 100 >15 1.1 162 4.24 0.066 
105 03 -105 150 0.5 4.4 107 7.12 0.01 U 
107 03 -107 50 0.8 3.2 95.6 0.4 U 0.5 
562 03 -562 20 8.4 0 21 4.13 0.01 U 
895 03 -895 25 7 0 7.3 3.44 0.01 U 
210 04 -210 70 1 3.2 58.4 0.4 U 4.3 
211 0 4-211 70 >15 3.5 102 0.4 U 5.5 
213 04 -213 30 1 4.2 68.6 1.34 2.1 
769 HM W-102-10 35 6.2 0.4 53 9.89 0.018 
766 HM W-102-7 13 0.95 0.4 108 0.4 U 1.8 
767 HM W-102-8 35 4.7 0 88 10.8 0.01 U 
581 H MW-303-11 180 0.1 2.5 138 1.22 1.2 
582 HM W-303-12 17 9.5 0 27.8 4.27 0.01 U 
575 H MW-303-5 135 0.55 3 152 0.901 0.52 
576 H MW-303-6 70 >15 3 93.2 4.44 0.017 
750 M RP-MW1 50 0.9 1.3 94.6 3.01 0.084 
751 MRP- MW2 14 1 3.6 122 0.87 3.2 
109 MRP- MW9 14 >15 1.3 36.6 0.887 1.9 
822 M W-303-22 35 0.65 2 51.4 1.01 0.5 U 
823 M W-303-23 35 0.92 3.5 44.2 8.17 0.5 U 
824 M W-303-24 50 0.95 3.2 175 0.574 0.5 U 
825 M W-303-25 30 1 3.5 36.8 3.52 3 
826 M W-303-26 16 0.95 2 32 2.7 1.5 
827 M W-303-27 45 1 2.2 104 22.9 1 
828 M W-303-28 30 0.95 2 121 1.01 0.19 
829 M W-303-29 35 0.95 2 41 4.05 0.98 
830 M W-303-30 40 1 2.6 114 35.3 0.16 
831 M W-303-31 40 1 1.8 49 3.87 0.54 
832 M W-303-32 145 1 2.4 101 2.72 5.5 
833 M W-303-33 40 0.55 3 121 29.9 3.3 
834 M W-303-34 60 0.7 3.2 146 0.852 8.2 
835 M W-303-35 19 0.9 4 41.4 7.76 2.3 
836 M W-303-36 37 10 0 15.4 3.94 0.5 U 
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Table 4-13 (Continued) 
Summary of Natural Attenuation Parameters, Area 303 

 

Location 
ID 

Location 
Cross- 

Reference 

Field Test Kit Results Laboratory Results 
Carbon 
Dioxide 
(mg/L) 

Dissolved 
Oxygen 
(mg/L) 

Ferrous 
Iron 

(mg/L) 
Alkalinity

(mg/L) 
Sulfate 
(mg/L) 

Dissolved
Methane 
(mg/L) 

837 M W-303-37 18 7 0.3 8.4 3.77 0.01 U 

148 
E-701 
(background)a <10  11.57 0 22.5 4.07 3.1 

aResults from 2004 monitoring 

Notes: 
> - result is greater than specified test kit limit 
mg/L - milligram per liter 
U - analyte not detected at a concentration greater than the specified reporting limit 
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Table 4-14 
BIOSCREEN Model Input Parameters, Area 303

 
Parameter GRO Benzene 

1.  Hydrogeologic Data 
Hydraulic conductivity (cm/s)  0.0283a 0. 0283a 
Gradient (ft/ft) (August 2001) 0.0027 0.0027 
Porosity 0. 3 0.3 
2.  Dispersion 
Estimated plume length (ft) 700 680 
3.  Adsorption Data 
Soil bulk density (kg/L) 1.8 1.8 
Koc (L/kg)b 1, 260 58.9 
foc 0 .0006 0.0006 
4.  Biodegradation Data  
First-order decay coefficient (per year)c 0. 34 1.2 
Delta oxygen (mg/L)  7.52 7.52 
Delta nitrate (mg/L) 0.007 0.007 
Observed ferrous iron (mg/L) 2.72 2.72 
Delta sulfate (mg/L) 34.9 34.9 
Observed methane (mg/L) 1.63 1.63 
5.  General 
Modeled area length (ft)  1,200 1,200 
Modeled area width (ft) 1,200 1,200 
Initial simulation time (years) (1994-2006) 12 12 
Final simulation time (years) (12+75) 87 87 
6.  Source Data 
Source thickness in saturated zone (ft) 5 5 
Source width (ft) 250 250 
Source zone maximum concentration (mg/L)  80 0.22 
Soluble mass in source soil (kg) 1,130 50 
7.  Field Data (May-June 2006) for Comparison to Model Results, 12 Years After Release (mg/L) 
GP-303-23 (Distance = 0 feet) 60 0.1 
MW-303-27 (Distance = 120 feet) 27.4 -- 
MW-303-31 (Distance = 240 feet) 17.6 -- 
MW-303-30 (Distance = 480 feet) 36.6 -- 
03-107 (Distance = 600 feet) -- 0.015 
03-562 (Distance = 720 feet) 0.05 0.005 

aURS 1995b 
bADEC 2002 
cURSG 1997 



FINAL FFS REPORT, REVISION 1 Section 4.0  
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 4-66 
Delivery Order 0007 

 

Notes: 
cm/s - centimeter per second 
ft - foot 
foc - fraction organic carbon 
GRO - gasoline-range organics 
kg - kilogram 
kg/L - kilogram per liter 
Koc - organic carbon partition coefficient 
L/kg - liter per kilogram 
mg/L - milligram per liter 
-- - not available 
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5.0  SUMMARY OF HUMAN HEALTH RISK ASSESSMENT 

This section provides a summary of the 2007 human health risk assessment and the 2011 
supplemental human health risk assessment that were conducted for this site.  The complete, 
detailed initial and supplemental risk assessments are included as Appendices H and L, 
respectively.  Site assessment activities, summarized in Section 3, have identified petroleum 
compounds in soil and groundwater above regulatory levels at the site from leakage of 
subsurface fuel lines.  Petroleum vapors were also detected in soil gas at the site in 2010.  The 
risk assessments evaluate whether potential health risks were present if people encountered these 
chemical-impacted materials in their environment according to the risk assessment procedures 
specified by Alaska DEC (ADEC 2000, 2005, and 2010).  Alaska DEC provides guidance for 
four methods of determining cleanup levels (beginning with Method 1) that increase in level of 
effort and site-specificity.  Method 4 uses risk assessment to determine site-specific cleanup 
levels (ADEC 2000).  Sufficient site information is available to determine Method 4 cleanup 
levels and the results are summarized below. 

5.1 CHEMICALS OF POTENTIAL CONCERN SELECTION 

The first step in a human health risk assessment is an evaluation of the data in order to select 
chemicals of potential concern (COPCs) for human health.  Of the total available data, the 
following were selected as applicable to human health and used in the health risk calculations for 
the 2007 risk assessment (Appendix H): 

 Groundwater data from impacted monitoring wells from samples collected 
between 2003 and 2006 

 Subsurface soil data from samples collected at the site in 2006—Surface soil at 
this site is not impacted by petroleum.  In addition, some historical soil data 
collected from 1992 to 1998 were included for locations with no recent data. 

For the 2011 supplemental risk assessment, the following were selected as applicable to human 
health: 

 Soil vapor data from soil vapor probes collected in 2010—The soil vapor data 
were used in the quantitative assessment of health risks in the supplemental 
evaluation.  However, the following additional data are included in Appendix L 
discussions as supporting information for the development of a conceptual site 
model for vapor intrusion: 
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- Subsurface soil data collected in 2006 (collected from ground surface to a 
depth of 15 feet)—As noted above, these data were included in the 2007 
assessment.  However, the data were reassessed in the supplemental risk 
assessment as supporting information for the vapor intrusion pathway. 

- Groundwater data collected in 2006, 2008, and 2009—The 2006 data were 
evaluated previously, but reassessed in the supplemental risk assessment as 
supporting information for the vapor intrusion pathway. 

- Fixed-gas data from the soil vapor samples (oxygen, carbon dioxide, and 
methane) collected in 2010 and used to provide information on whether 
favorable conditions were present for the biodegradation of petroleum 
compounds 

- Physical soil properties data from one soil vapor location collected in 2010 
from the unsaturated zone 

Figure 5-1 presents the sampling locations of the data selected for use in the risk assessment.  In 
addition to the data used to select COPCs, a percentage of the GRO and DRO soil and 
groundwater samples and all of the 2010 vapor samples collected at the site were analyzed for 
their aliphatic and aromatic content using Washington Department of Ecology’s EPH and VPH 
Methods.  The site-specific aromatic and aliphatic percentages obtained from this analysis were 
used to separate GRO and DRO total concentrations into site-specific concentrations of aliphatic 
and aromatic DRO and GRO.  Details of these calculations are provided in Section 3 of 
Appendix H for soil and groundwater and in Section 3 of Appendix L for soil vapor.  In addition, 
at the request of Alaska DEC, the Alaska DEC default percentages were also used (Alaska DEC 
2000) for each of the aromatic and aliphatic carbon-fraction ranges. 

For selecting COPCs in the 2007 risk assessment, one-tenth the Alaska DEC human health 
screening levels presented on Table B.1 from AAC 75.341 and Table C from AAC 75.345 for 
soil and groundwater, respectively, were used as screening values.  Screening values represent 
concentrations below which there is no health concern.  If the maximum concentration of a 
chemical was less than the screening value, the chemical was eliminated from the risk 
assessment because it would not be a health concern.  Fourteen chemicals were selected as 
COPCs in groundwater: 

 Benzene 
 Bis(2-ethylhexyl)phthalate 
 Dibenz(a,h)anthracene 
 DRO 
 Ethylbenzene 
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 GRO 
 Naphthalene 
 RRO 
 Toluene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 m,p-xylene 
 o-xylene 
 Total xylenes 

While o-xylene and m,p-xylene were selected as individual COPCs, they were evaluated as total 
xylenes in the risk calculations. 

The following eight chemicals were selected as COPCs in soil: 

 DRO 
 Ethylbenzene 
 GRO 
 RRO 
 Toluene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 Xylenes 

For selecting COPCs for the 2011 supplemental risk assessment, screening values for soil vapor 
and groundwater were one-tenth the levels from the 2009 Alaska DEC Draft Vapor Intrusion 
Guidance for Contaminated Sites, Appendices F (deep soil gas) and G (groundwater to indoor 
air), respectively.  No chemical was selected as a COPC in soil using the same screening values 
as described above for the 2007 assessment.  The lack of selection of COPCs in soil confirms 
groundwater as the primary source of chemicals contributing to soil gas and the vapor intrusion 
pathway. 

The following eight chemicals were selected as COPCs in soil vapor: 

 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 Tetrachloroethene (PCE) 
 Ethylbenzene 
 m,p-Xylene 
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 Isopropylbenzene 
 Benzene 
 GRO 

With the exception of PCE, the same COPCs identified in soil vapor were also identified in 
groundwater as exceeding groundwater screening levels protective of the vapor intrusion 
pathway, providing additional evidence that groundwater is the source of chemicals in soil vapor.  
Since the groundwater data set is more extensive then the soil vapor data set both spatially and 
temporally, it serves as support for the chemicals selected and evaluated for vapor intrusion and 
indicates that all COPCs for soil vapor have been identified.  PCE and other chlorinated solvents 
have not been included in the analytical suite for groundwater, because there is no known source 
of PCE at Area 303.  However, based on the detection of PCE in soil gas, PCE may be present in 
groundwater at the site.  PCE has been detected historically in groundwater at some locations in 
the downtown area of Adak, although not upgradient of the Area 303 site.  PCE in groundwater 
was identified as a COC in the ROD for Adak completed in 2000. 

5.2 EXPOSURE ASSESSMENT 

Once COPCs are selected, the second step in risk assessment is an evaluation of the exposure 
pathways by which people could encounter chemicals.  The exposure assessment identifies the 
populations potentially exposed to chemicals at the site, the means by which exposure occurs, 
and the amount of chemical received from each exposure medium (i.e., the dose).  Only 
complete exposure pathways are quantitatively evaluated.  Complete pathways consist of four 
elements:  (1) a source and mechanism of chemical release, (2) a retention or transport medium 
(e.g., groundwater), (3) a point of potential human contact with the affected medium, and (4) a 
means of entry into the body at the contact point.  Figure 5-2 presents the conceptual site model 
(CSM), which depicts the complete pathways for this site. 

For the initial risk assessment, no residential exposure was considered.  Area 303 currently has 
no regular uses by people other than minimal crossing of a small area between Main Road and 
the GCI Compound when there is a need to enter the compound (a distance of some 30 to 
50 feet).  The land is designated as “commercial” by TAC, but given the small population and 
availability of empty buildings, future development is unlikely.  Therefore, future workers are 
not considered a population of concern (see further discussion in the uncertainty section in 
Appendix H).  There are some underground utility lines that run through portions of the area and 
may require maintenance at some point in the future.  Therefore, populations of concern for 
direct exposures to subsurface soils are construction workers involved in utility maintenance or 
future construction of a building or road in the area.  Construction workers are also a population 
of concern for exposure to groundwater in the areas where groundwater is shallower than 15 feet 
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and exposure may occur during intrusive activities (construction activities are assumed to go as 
deep as 15 feet bgs). 

The following exposure pathways were selected for quantitative evaluation under current and 
future conditions in the initial risk assessment: 

 Construction workers potentially disturbing soil in the course of construction 
activity could be exposed through incidental ingestion, dermal contact, inhalation 
of fugitive dust (to a depth of 15 feet), and inhalation of volatile chemicals in soil 
as deep as the water table (approximately 20 to 25 feet bgs). 

 Construction workers conducting intrusive subsurface work could be exposed to 
chemicals in shallow groundwater (less than 15 feet bgs) through dermal contact 
and inhalation.  Figure 5-3 identifies the locations of the site where groundwater 
is less than 15 feet bgs.  Construction workers could also be exposed to volatile 
chemicals in deeper groundwater through inhalation of volatile chemicals 
vaporizing through the subsurface. 

Ingestion of groundwater is considered an incomplete pathway for all receptors.  As discussed in 
Sections 2 and 3, groundwater is not used as drinking water. 

In the supplemental risk assessment, it was assumed that a commercial building would be 
constructed in the future west of Main Road, but that east of Main Road, a residential exposure 
to vapors might occur because of residential housing adjacent to Area 303 in this area.  
Chemicals in soil vapor only exceeded screening levels at location SV-303-2, which is west of 
Main Road (Figure 5-1).  Therefore, only future on-site worker exposure to indoor air was 
considered a complete and significant pathway of concern.  Thus, this pathway was the only 
additional pathway quantitatively evaluated in the supplemental risk assessment.  It was assumed 
that a small building (smaller buildings are more likely to have an indoor air problem) the size of 
the nearest small existing building, Building T-2776, would be constructed at the site and 
occupied full time by a future worker (8-hour days, 5 days per week for 25 years).  Because the 
worker populations are not the same for the 2007 and 2011 risk assessments (construction 
workers versus indoor workers), there is no cumulative risk concern with respect to the two risk 
evaluations for Area 303. 

5.3 TOXICITY ASSESSMENT 

The third step in risk assessment is an evaluation of the toxicity of the COPCs by an assessment 
of the relationship between the dose of a chemical and the occurrence of toxic effects.  Chemical 
toxicity criteria, which are based on this relationship, consider both cancer effects and effects 
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other than cancer (noncancer effects).  The toxicity criteria are required to quantify the potential 
health risks from the COPCs.  Benzene, PCE, ethylbenzene, dibenz(a,h)anthracene, and bis(2-
ethylhexyl)phthalate were evaluated for cancer effects, and the other chemicals (where toxicity 
information exists) were evaluated for noncancer effects. 

5.4 RISK CHARACTERIZATION 

The last step in human health risk assessment is a characterization of the health risks.  The 
exposure factors, media concentrations, and toxicity criteria are combined to calculate health 
risks.  Health risks are calculated differently for chemicals that cause cancer and for chemicals 
that cause noncancer effects.  The calculation of cancer risk assumes that no level of the 
chemical is without some risk, whereas for chemicals with noncancer effects, a “threshold” dose 
exists.  Risks (for cancer) and hazards (for noncancer effects) are calculated for a reasonable 
maximum exposure (RME) scenario for each pathway, a calculation that overestimates risks for 
the majority of the population to ensure that public health is protected.  Cancer risk estimates 
represent the potential for cancer effects by estimating the probability of developing cancer over 
a lifetime as a result of site exposures.  Noncancer hazards assume there is a level of chemical 
intake that is not associated with an adverse health effect even in sensitive individuals. 

In the initial risk assessment, risks and hazards for the individual COPCs for construction worker 
exposures to soil and groundwater are presented in Table 5-1.  As per Alaska DEC guidance 
(ADEC 2005), the cumulative cancer risks and noncancer hazards for COPCs that were not total 
petroleum hydrocarbon (TPH) compounds were considered separately from the noncancer 
hazards for the TPH compounds.  Alaska DEC target health goals for cancer chemicals are no 
more than a 1 x 10-5 chance of developing cancer, and target health goals for noncancer 
chemicals are a hazard quotient of 1.  Target health goals were not exceeded for the construction 
worker scenario.  The cumulative risk for the construction worker scenario (exposure to both 
groundwater and soil during construction) for the non-TPH COPCs of 2 x 10-8 was well below 
the target health goal of 1 x 10-5, and the cumulative noncancer hazard quotient of 1 was equal to 
the target health goal.  Exposures to xylenes and 1,2,4-trimethylbenzenes in soil through the 
inhalation pathway were the greatest contributors to the noncancer hazard, contributing 47 and 
18 percent, respectively.  The TPH noncancer hazards calculated using the site-specific aliphatic 
and aromatic percent compositions (as calculated in Section 3 of Appendix H) were 0.6, which is 
below the target health goal of 1.  In addition, at the request of Alaska DEC, TPH noncancer 
hazards were also calculated assuming the Alaska DEC default aliphatic and aromatic percent 
composition.  The TPH noncancer hazards calculated using Alaska DEC default percent 
compositions were 0.7, also below the target health goal. 
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Some discontinuous free product has been observed in recent monitoring well investigations.  
While exposures to free product cannot be quantitatively evaluated in risk assessments, 
exposures to free product may represent an unacceptable health risk.  However, as discussed in 
Section 4, the presence of free product has been detected in monitoring wells (HMW-303-11, 
HMW-303-5, MW-303-30, and MW-303-31) where groundwater is approximately 22 to 25 feet 
bgs.  Since construction activities are not assumed to occur deeper than 15 feet bgs, direct 
exposure to free product during construction activities is very unlikely. 

No free product has been identified in any of the wells where groundwater is less than 15 feet 
bgs.  Specifically, no free product was identified in wells HMW-102-7, HMW-102-8, and 
HMW-102-10 where perched groundwater is present, and no free product was identified in wells 
03-012, MW-303-34, MW-303-35, MW-303-36, and MW-303-37.  In addition, review of the 
limited historical data available for the perched groundwater zone did not identify free product in 
either of the perched zone wells.  Of the 29 times that groundwater levels were recorded in well 
MRP-MW3, no free product was reported.  Similarly, no free product was present in well 03-708 
during the four times groundwater levels were measured in this well. 

In the supplemental risk assessment, future on-site workers were evaluated for inhalation 
exposures to soil vapor from location SV-303-2 migrating into indoor air of a hypothetical 
building.  The Johnson and Ettinger Model was used to predict indoor air concentrations from 
the soil vapor data for the COPCs collected at the 5-foot-depth interval.  Vapor concentrations at 
the 5-foot-depth interval are the most representative of concentrations that might reach indoor 
air.  Target health goals were not exceeded for future on-site worker exposures to soil vapors of 
indoor air for either non-TPH or TPH compounds.  Non-TPH noncancer hazards were 0.0003 
(which is below the target health goal of 1), and non-TPH cancer risks were calculated at 4 x 10-9 

(which is below the target cancer risk level of 1 x 10-5), as shown in Table 5-2.  The individual 
noncancer hazards for TPH compounds were also well below the target health goal of 1, with 
hazards of 0.003 and 0.09 for C6–C10 aliphatic and C6–C10 aromatic, respectively.  The results 
of the vapor intrusion evaluation for workers indicate that concentrations of COPCs in soil 
vapors beneath the commercial reuse area of the site are unlikely to represent a health concern 
for workers. 

5.5 CLEANUP LEVELS DISCUSSION 

If chemicals at a site exceed target health goals, then site-specific cleanup levels can be 
calculated to provide information to risk managers and for use in the feasibility study.  Alaska 
DEC allows site-specific cleanup levels to be calculated, rather than using the State’s default 
values for soil and groundwater (18 AAC 75.340 and 18 AAC 75.345, respectively).  Because no 
chemicals exceeded target health goals or contributed to exceedances above target health goals, 
site-specific alternative cleanup levels do not need to be calculated for this site. 
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However, in the screening process to select COPCs, Alaska DEC Table C (AAC 75.345) 
groundwater cleanup levels for the protection of drinking water were used as screening values.  
A number of chemicals in groundwater exceed the Alaska DEC Table C groundwater cleanup 
levels.  Section 4 details the exceedances of the recent analytical data collected from monitoring 
wells at the site compared to the Alaska DEC cleanup levels established for groundwater used as 
a drinking water source.  While concentrations in groundwater are not likely to present health 
risks based on the current use of the site, groundwater used as drinking water would result in 
unacceptable risk to human health.  Therefore, groundwater at the site should not be used as a 
drinking water source. 

5.6 RISK ASSESSMENT CONCLUSIONS 

The initial risk assessment concluded that there is no surface soil impact, and the groundwater is 
not being used as a drinking water source.  Non-TPH risks and hazards to construction workers 
from exposure to chemicals in subsurface soil and groundwater meet target health goals.  
Therefore, there is no unacceptable human health risk at this site for construction workers, with 
the possible exception of exposure to free product.  The high vapor concentrations at depth 
(15 feet bgs and greater) identified in the free-product area at sampling location SV-303-2 are 
also indicative of a potential hot spot for construction workers (no indoor air hazard at this 
location).  If construction activities (digging) were to occur over this location and assuming no 
attenuation of vapor concentrations has occurred, appropriate protective measures should be 
implemented to protect worker safety.  According to the Interim Conveyance there is a soil 
excavation notification requirement for the entire downtown area, which includes Area 303. 

Future On-Site Workers 

The supplemental risk assessment found that future indoor air risks for workers west of Main 
Road meet target health goals.  The following lines of evidence support the conclusion of no 
indoor air risk for future on-site workers: 

 Significant concentration attenuation is occurring at the site, as demonstrated by 
the large reduction in concentration of COPCs between the water table and the 
ground surface at SV-303-2.  This attenuation is likely caused by biodegradation 
and other physical processes, such as dispersion, dilution, sorption, volatilization, 
and chemical or biological stabilization, transformation, or destruction of 
contaminants. 
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 The highest vapor concentrations were identified and used in the risk calculations.  
Soil vapor sampling locations were selected based on the maximum 
concentrations of benzene in groundwater and adjusted for accessibility issues.  
Thus, concentrations of COPCs in soil vapor at other areas of Area 303 are 
unlikely to have higher soil vapor concentrations than those observed in location 
SV-303-2. 

 All possible chemicals that could be a concern in soil vapor were identified, as 
supported by the groundwater data.  While PCE has not been analyzed for in 
groundwater beneath Area 303, the single detection of PCE above a screening 
level in deep soil gas at SV-303-2 indicates that if the chemical is present in 
groundwater, concentrations are likely low.  PCE in soil vapor was not detected at 
the 5-foot-depth interval at SV-303-2 and detection limits were below screening 
levels.  PCE daughter products were not detected in soil gas, and detection limits 
were below screening levels at the 5-foot-depth interval.  However, in the next 
round of groundwater monitoring, it is recommended that groundwater be 
analyzed for PCE and daughter products to provide additional source 
characterization information for PCE. 

 Estimated health risks for the on-site workers were more than three orders of 
magnitude below the target health goal of 1 x 10-5.  Therefore, even considering all 
the uncertainties in estimating health risks for a future building, unacceptable risks 
are very unlikely to be present if a building were constructed.  Even if some of the 
uncertainties in the site characterization have led to a potential underestimation of 
risks and hazards, the low levels of estimated risk (in the 10-9 range) indicate that it is 
unlikely that target health goals would be exceeded. 

Residential Populations 

Because no chemical in soil vapor exceeded a screening level at the sampling location near the 
Eagle Bay Housing area, vapor intrusion issues for residents adjacent to Area 303 are not a 
health concern.  The following lines of evidence support the conclusion of no indoor air risk for 
residents: 

 The vapor data collected from location SV-303-1 showed that no chemical was 
detected at the shallowest sample, and only low levels of chemicals below 
screening levels were detected in the deeper vapor samples.  The fixed-gas data 
from location SV-303-1 demonstrate that favorable conditions for biodegradation 
of petroleum compounds exist in the subsurface at this location.  Therefore, the 
deeper detections of chemicals in soil vapor will continue to decline in 
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concentration, and shallow soil gas concentrations will likely remain not detected.  
Therefore, no vapor intrusion concern is likely to exist in the future. 

 As an additional line of evidence that vapor intrusion is not a concern for 
residents, risks were estimated in the uncertainty section of Appendix L 
assuming chemicals were present at the highest concentration detected at 
location SV-303-1, regardless of depth.  This semiquantitative evaluation 
resulted in residential health risks significantly below target health goals (risks in 
the 10-9 range).  Therefore, there is a relatively high degree of confidence in the 
conclusion that the vapor intrusion pathway is incomplete or insignificant for 
residents, even considering uncertainties in the risk estimation process. 
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Table 5-1 
Summary of Total Risks and Hazards for the Construction Worker 

From Groundwater and Soil, Area 303 

COPC 

Total Groundwater Soil 

HI CR HI CR HI CR 

Non-TPH COPCs 
Benzene 0 .007 0.00000002 0.007 0.00000002 (a) (a) 
Bis(2-ethylhexyl)phthalate --  -- (c) (c) (a) (a) 
Dibenz(a,h)anthracene --  -- (c) (c) (a) (a) 
Ethylbenzene 0. 04 (b) 0.004 (b) 0.03 (b) 
Naphthalene 0. 01 (b) 0.01 (b) (a) (a) 
Toluene 0. 1 (b) 0.01 (b) 0.1 (b) 
1,2,4-Trimethylbenzene 0. 2 (b) 0.02 (b) 0.2 (b) 
1,3,5-Trimethylbenzene 0. 1 (b) 0.02 (b) 0.08 (b) 
Xylenes 0. 5 (b) 0.05 (b) 0.5 (b) 

Non-TPH Total 1.0 0 .00000002 0.1 0.00000002 0.9 -- 

TPH COPCs (Site-Specific Percent Composition) 
C6-C10 Aliphatic 0.1 (b) 0.002 (b) 0.1 (b) 
C6-C10 Aromatic 0.4 (b) 0.07 (b) 0.3 (b) 
C10-C21 Aliphatic 0.02 (b) -- (b) 0.02 (b) 
C10-C21 Aromatic  0.01 (b) -- (b) 0.01 (b) 
C21-C35 Aliphatic  0.0003 (b) -- (b) 0.0003 (b) 
C21-C35 Aromatic -- (b) -- (b) -- (b) 

TPH Total 0.6 --  0.07 -- 0.5 -- 

TPH COPCs (Alaska DEC Default Percent Composition) 
C6-C10 Aliphatic 0.1 (b) 0.003 (b) 0.1 (b) 
C6-C10 Aromatic 0.6 (b) 0.09 (b) 0.5 (b) 
C10-C21 Aliphatic 0.02 (b) -- (b) 0.02 (b) 
C10-C21 Aromatic  0.03 (b) -- (b) 0.03 (b) 
C21-C35 Aliphatic  0.0003 (b) -- (b) 0.0003 (b) 
C21-C35 Aromatic 0.006 (b) -- (b) 0.006 (b) 

TPH Total 0.7 --  0.09 -- 0.6 -- 

aChemical not selected as a COPC in this medium 
bChemical not associated with carcinogenic effects 
cNo complete pathway of exposure of this chemical in groundwater 
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Table 5-1 (Continued) 
Summary of Total Risks and Hazards for the Construction Worker 

From Groundwater and Soil, Area 303 

 
Notes: 
COPCs - chemical of potential concern 
CR - cancer risk 
DEC - Department of Environmental Conservation 
HI - hazard index 
TPH - total petroleum hydrocarbon 
-- no values to sum 
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Table 5-2 
Summary of Risks and Hazards for Future On-Site Worker Exposures 

to Soil Vapor From Indoor Air 

Chemical 

Soil Vapor Total 

Hazard Index Cancer Risk 

Non-TPH 

Benzene 0.000020 1.6 x 10-9 
Ethylbenzene 0.0000025 2.2 x 10-9 
Isopropylbenzene 0 .00000028 (a)
m,p-Xylene 0 .0000037 (a)
1,2,4-Trimethylbenzene 0. 00012 (a) 
1,3,5-Trimethylbenzene 0. 00012 (a) 
PCE 0.0000044 2.5 x 10-9

 Total 0.0003 4 x 10-9

TPH 

C6–C10 aliphatic 0.0028 (a)
C6–C10 aromatic 0.091 (a)

aChemical not associated with carcinogenic effects. 

Notes: 
PCE - tetrachloroethylene 
TPH - total petroleum hydrocarbon 
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6.0  SUMMARY OF ECOLOGICAL RISK ASSESSMENT 

In accordance with Alaska DEC risk assessment guidance, the first stage of the ecological risk 
assessment for Area 303 was to determine whether a detailed, quantitative ecological risk 
assessment of the site was required (whenever the potential for an ecological threat from site 
contaminants exists) (ADEC 2000).  Alaska DEC terms this determination Ecological 
Scientific/Management Decision Point #1.  To make that decision, Alaska DEC requires the 
assessment of two factors: 

1. The potential presence of state or federal sensitive environments, critical habitats, 
or sensitive species at Area 303, and 

2. The potential presence of complete exposure pathways that result in the 
ecologically significant exposure of ecological receptors to site contaminants 

If at Ecological Scientific/Management Decision Point #1 the determination can be made that 
(1) no state or federal sensitive environments, critical habitats, or sensitive species are present, 
and (2) no exposure pathways exist that result in the ecologically significant exposure of 
ecological receptors to site contaminants, Alaska DEC guidance permits the ecological risk 
assessment process for a given site to be terminated (ADEC 2000). 

An ecological checklist included in this report as Attachment I-1 to Appendix I) was completed 
describing the location and characteristics (i.e., environmental setting, land use, environmental 
fate and transport, and ecological receptors) of specific environments within the boundaries of 
Area 303.  Through this exercise, it was determined that no federally or state-designated critical 
habitat is present at Area 303. 

An ecological CSM was also prepared for Area 303, describing the completeness and 
significance of exposure pathways by which ecological receptors may potentially be exposed to 
site contaminants.  The CSM (Figure I-1 in Appendix I) revealed that a complete exposure 
pathway exists at Area 303 that results in the ecologically significant exposure of ecological 
receptors to site contaminants: 

 Terrestrial receptors may be exposed to site contaminants in surface soil 0 to 
6 feet bgs. 

Based on this assessment, it was concluded that a potential ecological threat exists to ecological 
receptors from petroleum-release products at Area 303.  Therefore, an ecological effects 
evaluation that quantitatively described the potential ecological risk associated with exposure to 
site contaminants was conducted. 
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A screening-level ecological risk assessment (Appendix I) was performed to identify the 
contaminants and environmental media, if any, that warranted detailed evaluation in a baseline 
risk assessment.  Site-specific soil data revealed that the only contaminant detected in surface 
soil (0 to 6 feet bgs) was DRO.  All detected concentrations of DRO were below levels of 
ecological concern.  Therefore, DRO in soil was not retained as a chemical of potential 
ecological concern for a more detailed risk assessment. 

No ecological threat exists to ecological receptors from DRO and other petroleum-release 
products at Area 303.  Therefore, no further ecological risk assessment is warranted for this site. 
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7.0  FFS REGULATORY FRAMEWORK AND APPROACH 

This section provides the regulatory framework and approach to conducting the FFS for Area 
303.  A summary of the regulatory history for petroleum-contaminated sites on Adak is provided 
in Section 7.1.  A discussion of the approach to FFS preparation is provided in Section 7.2.  
Finally, the ARARs potentially applicable to remedial alternatives are presented in Section 7.3. 

7.1 REGULATORY CONTEXT 

As discussed in Section 1, the petroleum release at Area 303 was identified during a USGS 
investigation to monitor the natural attenuation of petroleum in groundwater (USGS 2005).  The 
site characterization activities discussed in Sections 3 and 4 identified petroleum-related 
chemicals in groundwater in Area 303 at concentrations above Alaska DEC groundwater cleanup 
levels established in 18 AAC 75.  As a result, this FFS addresses remedy selection for Area 303 
in accordance with Alaska State regulations.  However, investigation and cleanup, of the 128 
previously identified petroleum-contaminated sites at the former Adak Naval Complex, have 
been ongoing since 1986.  Therefore, the regulatory history for these 128 sites is provided below 
to clarify the process used previously for evaluating and selecting alternatives and the 
agreements made regarding these 128 petroleum-contaminated sites. 

Adak was initially proposed for placement on the National Priorities List (NPL) in 1992 and was 
officially listed in 1994.  The Navy, as lead agency, entered into a three-party FFA with the EPA 
and Alaska DEC as well as a two-party State-Adak Environmental Restoration Agreement 
(SAERA) with the Alaska DEC to facilitate investigation and cleanup activities. 

In 1993, the Navy, EPA, and Alaska DEC signed the FFA, which incorporates the EPA’s 
cleanup process under the Comprehensive Environmental Response, Compensation, and 
Liability Act of 1980 (CERCLA), as amended by the Superfund Amendments and 
Reauthorization Act of 1986 (SARA).  The CERCLA exclusion of petroleum as a hazardous 
substance required that cleanup of petroleum-related chemicals would follow State of Alaska 
regulations.  Therefore, the FFA stated that petroleum-contaminated sites, such as those 
containing USTs and leaking underground fuel lines, would be evaluated under a separate two-
party agreement between the Navy and the State of Alaska.  This agreement, the SAERA, was 
signed in April 1994. 

The former Adak Naval Complex was divided into two OUs, OU A and OU B, for investigation 
and cleanup activities.  OU A includes CERCLA and petroleum sites, and OU B includes 
ordnance explosive sites.  A total of 180 sites, not including Area 303 (which was discovered at a 
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later date) were evaluated within OU A.  Of the 180 sites, 128 sites were petroleum sites 
investigated under SAERA.  In May 1997, the Navy and Alaska DEC agreed to integrate the 
cleanup decision process for petroleum sites with the cleanup decision process being conducted 
for hazardous substance release sites under CERCLA.  As a result, the ROD for OU A was 
prepared for both the petroleum-contaminated sites and the hazardous-substance-release sites and 
signed by the Navy, the EPA, and the Alaska DEC in 2000. 

The OU A ROD selected final or interim remedies for each of the 128 petroleum-contaminated 
sites identified on Adak Island.  The interim remedy, free-product recovery, was selected for 14 
sites that contained measurable quantities of free-phase petroleum product.  In addition, the 
OU A ROD specified that these 14 sites would require future final remedy selection pursuant to 
the two-party SAERA.  To clarify regulatory authority, the OU A ROD was amended in 2003 to 
remove these 14 petroleum sites and 48 others with further action from CERCLA authority.  
Therefore, final remedies for the 14 petroleum-contaminated sites were selected in accordance 
with Alaska State regulation 18 AAC 75.325 through AAC 75.390, which provides the 
regulatory procedures and requirements for petroleum cleanup decisions. 

7.2 FFS APPROACH 

As discussed in Sections 5 and 6, the petroleum-related chemicals at Area 303 are not expected 
to pose a risk to human health or the environment above target health goals, provided that 
institutional controls remain in effect.  Because Area 303 is not expected to pose a risk to human 
health or the environment, a streamlined FFS was prepared for this site.  The streamlined FFS 
follows the same approach that was used for SWMU 17, Power Plant No. 3 Area (URS 2006d) 
and the other 10 free-product recovery sites where the remaining petroleum-related chemicals 
pose no risk to human health or the environment above target health goals (URS 2004).  The 
Alaska DEC agreed to the use of this approach for the Area 303 FFS (URS 2007). 

Remedial alternatives were developed and evaluated for 128 petroleum-release sites at the 
former Adak Naval Complex in the Final Focused Feasibility Study for Petroleum Sites (URSG 
1998), the Final Addendum to the Final Focused Feasibility Study for Petroleum Sites (URSG 
1999d) and the Proposed Plan for Cleanup Action at Petroleum Sites on Adak Island (U.S. 
Navy, USEPA, and ADEC 1998).  Although the development and evaluation of alternatives 
presented in the 1998 FFS, as amended, followed the CERCLA process, the CERCLA process is 
very similar to the Alaska DEC remedy selection process.  Therefore, the development and 
evaluation of alternatives for the 128 petroleum-release sites is applicable to the final remedy 
selection process for Area 303, and the Alaska DEC concurred with this (URS 2007). 
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During the 1998 FFS, as amended, GRAs, remedial technology types, and process options were 
identified and screened for their applicability to the 128 petroleum-contaminated sites.  This 
screening process is applicable to Area 303, and is summarized in Section 9 of this document.  
The selected technology types and process options were then combined into alternatives.  The 
alternatives developed for the 128 petroleum-contaminated sites are presented in Section 10.  
Finally, the results of the 1998 FFS, as amended, were applied to the analysis of remedial 
alternatives for Area 303, as discussed in Section 11.  Should a more thorough review of the 
alternative development and evaluation process be required, the reader is referred to the 
documents referenced above. 

7.3 POTENTIALLY APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS  

ARARs are promulgated federal and state laws and regulations that are either applicable to the 
conditions at the site or are relevant and appropriate.  Although not applicable, relevant and 
appropriate requirements address problems or situations sufficiently similar to those encountered 
at the site that their use is well suited to the site.  Three kinds of ARARs exist for cleanup of 
petroleum-release sites on Adak Island:  chemical-specific, location-specific, and action-specific.  
These ARAR types are discussed in the subsections that follow. 

In addition to ARARs, many federal and state environmental and public health programs also 
have criteria, advisories, guidance, and proposed standards that are to be considered (TBC) in 
developing remedies.  Although not legally binding, TBCs may provide information that is 
useful in the evaluation of proposed actions.  Where appropriate, these materials, together with 
ARARs, were evaluated to establish protective cleanup levels. 

Chemical-Specific ARARs 

Chemical-specific ARARs are generally risk-based concentration limits or discharge limits for 
specific chemicals.  When a specific chemical is subject to more than one discharge or exposure 
limit, the more stringent of the requirements is used.  The chemical-specific ARARs potentially 
applicable to Area 303 include the following: 

 18 AAC 75, Oil and Other Hazardous Substances Pollution Control regulations:  
This is the primary ARAR for soil and groundwater impacted by petroleum-
related chemicals released to the environment within the State of Alaska. 

 18 AAC 70:  Water quality standards are relevant and appropriate for fresh and 
marine surface waters within the State of Alaska. 
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 40 CFR 141, Primary Drinking Water regulations:  MCLs are relevant and 
appropriate for the impacted groundwater that has the potential for use as a 
drinking water supply. 

 33 USC 1314, Clean Water Act:  The ambient water quality criteria are relevant 
and appropriate for surface waters of the United States that could be impacted by 
plume migration. 

Location-Specific ARARs 

Location-specific ARARs are those requirements that relate to the geographic position or 
physical condition of the site.  These requirements may limit the type of remedial activities that 
can be implemented or may impose additional constraints.  The potential location-specific 
ARARs identified for Area 303 are the following: 

 Alaska Coastal Zone Management Program regulations (6 AAC 80.130):  relevant 
and appropriate for wetlands that could be impacted by plume migration 

 Federal Executive Order 11990:  also relevant and appropriate for the protection 
of wetlands that could be impacted by plume migration 

Action-Specific ARARs 

Action-specific ARARS generally set performance, design, or other similar action-specific 
controls or restrictions on particular kinds of activities.  These requirements are activated by the 
particular remedial activities.  Potential action-specific ARARs for the remedial alternatives 
developed in this FFS are presented in Table 7-1. 
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Table 7-1 
Potential Action-Specific ARARs for Petroleum-Release Sites 

Potential 
Action 

Regulatory 
Citation 

ARAR/TBC 
Determination Comment 

Air emissions Alaska Air Quality Control 
(18 AAC 50.300 through 
50.380) 

Potentially 
applicable 

The substantive construction and operational 
requirements are applicable for technologies 
with the potential for air emissions, including 
but not limited to air sparging, biosparging, soil 
vapor extraction, and low-temperature thermal 
desorption.  These sections include, by 
reference, other chapters and sections of 18 
AAC 50 that specify numerical operational 
parameters for chemical emissions, feed rates, 
and so forth. 

Cleanup 
operation 

Alaska Oil and Hazardous 
Substances Pollution 
Control (18 AAC 75.360) 

Potentially 
applicable 

Requires the submittal of a schedule, sampling 
and analysis plan, waste management plan, a 
cleanup plan, list of chemical additives, site 
control plan, demonstration of compliance with 
air quality standards and requirements (18 AAC 
50), plan for ensuring that contaminated soil 
does not come in contact with uncontaminated 
soil, and nondomestic wastewater system plan 
under 18 AAC 72.600.  Lists specific 
requirements for ex situ cleanup technologies, 
including but not limited to bioremediation and 
in situ cleanup techniques. 

 Handbook for Conducting 
Cleanups of Contaminated 
Sites and Regulated 
Underground Storage 
Tanks Under the Voluntary 
Cleanup Program (ADEC 
2000a) 

Potential TBC Specifies design requirements for certain 
cleanup technologies, including but not limited 
to stockpiling, thermal treatment, soil vacuum 
extraction, bioremediation, transportation, and 
disposal of remediated material. 

Disposal of 
hazardous 
waste 

Hazardous Waste (18 AAC 
62) 

Potentially 
applicable 

Identifies requirements for identification and 
proper disposal of hazardous wastes that may 
be generated during site remediation.  Refers to 
federal regulations, including 40 CFR Parts 
261, 262, 268, and 273. 

Institutional 
controls 

Alaska Oil and Hazardous 
Substances Pollution 
Control (18 AAC 75.375) 

Potentially 
applicable 

Alaska DEC and the landowner may determine 
that use of institutional controls is necessary to 
ensure compliance with an applicable cleanup 
level; protection of human health, safety, or 
welfare, or of the environment; or the integrity 
of site cleanup activities or improvements. 
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Table 7-1 (Continued) 
Potential Action-Specific ARARs for Petroleum-Release Sites 

 

Potential 
Action 

Regulatory 
Citation 

ARAR/TBC 
Determination Comment 

Monitored 
natural 
attenuation 

EPA OSWER Directive 
9200.4.17P 

Potential TBC Guides the use of monitored natural attenuation 
at a site, including performance monitoring and 
evaluation.  States that use of monitored natural 
attenuation is appropriate in conjunction with 
other remediation measures (e.g., source control 
or groundwater extraction) or as a follow up to 
active remediation measures that have already 
been implemented. 

Off-site or 
portable 
treatment 
facilities 

Alaska Oil and Hazardous 
Substances Pollution 
Control 
(18 AAC 75.365) 

Potentially 
applicable 

Requires that an owner/operator of an off-site 
or portable treatment facility will obtain 
approval from the Alaska DEC of an operations 
plan prior to accepting or treating contaminated 
soil.  Requires confirmation sampling and 
analysis of treated soil in accordance with the 
post-treatment sampling and analysis plan, 
complete containment of contaminated soil 
before, during, and after treatment; and site 
monitoring to demonstrate that secondary 
contamination at the treatment facility did not 
occur.  If secondary contamination did occur at 
the treatment facility, the owner/operator must 
perform a cleanup of the secondary 
contamination within two years of terminating 
operation. 

 Soil Treatment Facility 
Guidance (ADEC 2002a) 

Potential TBC Specifies design criteria for containment of 
contaminated soil and water (associated with 
soil processing) before, during, and after 
treatment at an off-site or portable treatment 
facility. 

Recycling of 
recovered oil 

Alaska Oil and Hazardous 
Substances Pollution 
Control 
(18 AAC 75.325) 

Potentially 
applicable 

Requires that recovered free product be 
disposed of in compliance with applicable 
disposal regulations. 

Sampling and 
analysis 

Alaska Oil and Hazardous 
Substances Pollution 
Control 
(18 AAC 75.355) 

Potentially 
applicable 

Requires the performance of final confirmation 
sampling and analysis by a qualified, impartial 
third party.  Specifies sampling and analysis 
requirements if the practical quantitation limit 
is higher then the cleanup level.   Specifies 
laboratory analysis must be performed by a 
laboratory approved by Alaska DEC and the 
analytical methods to be used by the laboratory.
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Table 7-1 (Continued) 
Potential Action-Specific ARARs for Petroleum-Release Sites 

 

Potential 
Action 

Regulatory 
Citation 

ARAR/TBC 
Determination Comment 

Storage of 
contaminated 
soil 

Alaska Oil and Hazardous 
Substances Pollution 
Control 
(18 AAC 75.370) 

Potentially 
applicable 

Prohibits blending of contaminated soil with 
uncontaminated soil; requires that petroleum-
contaminated soil be stored on a liner that 
meets minimum specifications. 

Treatment and 
disposal of 
wastewater to 
sanitary sewer 

Federal Clean Water Act – 
Pretreatment (40 CFR Part 
403) 

Potentially 
applicable 

Provides limits for discharge to sanitary sewer 
system, protecting the municipal system from 
accepting wastewater that would cause it to 
exceed its NPDES permit discharge limits. 

Treatment and 
disposal of 
wastewater to 
surface water 

Federal Clean Water Act – 
NPDES Program (40 CFR 
Part 131) 

Potentially 
applicable 

Substantive standards require that discharge 
cannot cause a violation of water quality 
standards. 

 Alaska Water Quality 
Standards (18 AAC 70.20) 

Potentially 
applicable 

Sets limits for chemical concentrations in 
surface water. 

Well 
installation 

Alaska Oil and Hazardous 
Substances Pollution 
Control 
(18 AAC 75.345(j)) 

Potentially 
applicable 

Requires installation, development, and 
decommissioning of groundwater monitoring 
wells in accordance with the Recommended 
Practices for Monitoring Well Design, 
Installation, and Decommissioning (Alaska 
DEC 1992) or another method that is protective 
of human health, safety, and welfare, and of the 
environment. 

 Recommended Practices 
for Monitoring Well 
Design, Installation, and 
Decommissioning 
(Alaska DEC 1992) 

Potential TBC Specifies construction standards for recovery 
and monitoring well installation.  A well start 
card is required and the well construction log 
must be submitted to Alaska DEC. 

Notes: 
AAC - Alaska Administrative Code 
ARAR - applicable or relevant and appropriate requirement 
CFR - Code of Federal Regulations 
DEC - Department of Environmental Conservation 
EPA - U.S. Environmental Protection Agency 
NPDES - National Pollutant Discharge Elimination System 
OSWER - Office of Solid Waste and Emergency Response 
TBC - to be considered
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8.0  REMEDIAL ACTION OBJECTIVES 

This section presents proposed RAOs intended to protect human health and the environment 
from risks related to current and potential future exposure to petroleum hydrocarbons at the site.  
RAOs indicate where remedial actions may be needed and establish goals to be accomplished by 
the remedial actions.  The RAOs are used to develop GRAs, identify technologies and process 
options, and evaluate remedial alternatives.  GRAs, remedial technologies and process options, 
and remedial alternatives considered for achieving the RAOs presented in this section are 
discussed in subsequent sections. 

This section proposes RAOs that provide for the protection of human health and the 
environment, assuming commercial and public facilities land reuses at Area 303, as proposed by 
the Adak Reuse Corporation (ARC) (ARC 2000) and discussed in Section 2.1.2.  These RAOs 
consider overall risk management objectives and establish the basis for remedial decision 
making.  Specific RAOs developed for this site focus on addressing unacceptable human health 
and ecological risks posed by exposure to petroleum COCs. 

8.1 PROPOSED REMEDIAL ACTION OBJECTIVES 

Based on the risk analysis conducted for this site and the regulatory requirements, the following 
RAOs were developed for the protection of human health at Area 303: 

 Reduce petroleum hydrocarbons in groundwater to concentrations less than or 
equal to the Alaska DEC groundwater cleanup levels established for groundwater 
used as a drinking water source. 

 Minimize exposure to free-phase product. 

 Prevent migration of petroleum hydrocarbons to surface water that would result in 
an exceedance of the Alaska DEC surface water quality standards. 

A site-specific human health risk assessment was performed for the site, and the results of this 
analysis are summarized in Section 5.  The potential risks to construction workers resulting from 
exposure to soil and groundwater were found to be acceptable.  Because the risk assessment 
established that the concentrations in soil do not pose a risk to humans above target health goals, 
the existing concentrations at the site are protective of human health and, by default, are the 
cleanup levels for the site.  However, exposure to free product may represent an unacceptable 
health risk to construction workers.  The presence of free product has been detected in 
monitoring wells where groundwater is approximately 22 to 25 feet bgs.  Because construction 
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activities are assumed to occur no deeper than 15 bgs, direct exposure to free product during 
construction activities is very unlikely. 

Although the risks to construction workers resulting from exposure to groundwater were found 
to be acceptable, COC concentrations in groundwater beneath Area 303 exceed the Alaska DEC 
groundwater cleanup levels specified in 18 AAC 75.  For Area 303, groundwater cleanup levels 
consistent with 18 AAC 75.345(b)(1) apply (i.e., concentrations in groundwater are to be 
reduced to less than or equal to cleanup levels established for groundwater used for drinking 
water).  At a minimum, the Alaska DEC groundwater cleanup levels will be achieved using 
passive treatment technologies (i.e., monitored natural attenuation), as specified in the OU A 
ROD (U.S. Navy et al. 2000).  Monitored natural attenuation with institutional controls was the 
remedy selected for groundwater at the downtown petroleum sites where petroleum-related 
chemicals exceed Alaska DEC groundwater cleanup levels, but where free product has not been 
observed (U.S. Navy et al. 2000).  The OU A ROD also specified that the downtown 
groundwater body would be addressed as one hydrogeologic unit, regarding development of 
remedial alternatives and comparison of the resulting alternatives.  As a result, a reanalysis of 
groundwater treatment technologies for Area 303 is not needed, based on the exceedance of the 
Alaska DEC groundwater cleanup levels at the site.  However, further analysis of groundwater 
treatment technologies is included in this document in order to protect surface water from free-
product migration (see discussion of surface water quality standards below). 

Although exposure to free product is unlikely at Area 303, human health risks may represent an 
unacceptable health risk if humans were to be exposed to free product at the site.  Therefore, 
remedial actions for free product will be evaluated to reduce the potential risk to future 
construction workers.  For alternatives that include free-product recovery, the remedial goal has 
previously been established as removal to the extent technically practicable.  The ROD for OU A 
established the criteria for cessation of free-product recovery based on achievement of the 
technically practical endpoints.  These criteria for recovery systems that are not dependent on 
water table depression (automated skimmers) are as follows: 

When the monthly volume of recovered product averaged over the most recent 6 
months (6-month moving average) is less than 5 gallons of product recovered per 
month, the technically practicable endpoint for recovery has been reached.  If this 
endpoint criterion has been met for a period of 12 months of product recovery, the 
system is considered to meet the technically practicable endpoint and recovery 
can be discontinued (URSG 1999d and U.S. Navy et al. 2000). 
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The equivalent criteria for recovery systems that are dependent on water table depression are as 
follows: 

When less than 0.5 gallon of free product per 1,000 gallons of treated 
groundwater is recovered by a system that pumps groundwater for hydraulic 
control, the technically practicable endpoint for recovery has been reached.  If this 
endpoint criterion has been met for a period of 1 year, recovery will be considered 
to be at the technically practicable limit and can be discontinued (URSG 1999d 
and U.S. Navy et al. 2000). 

In addition, migration of petroleum hydrocarbons to East Canal may result in a future 
exceedance of Alaska DEC surface water quality standards established by Alaska regulation 18 
AAC 70.  The surface water quality standards applicable to the East Canal are the following: 

 Total aqueous hydrocarbons (TAqH) may not exceed 15 µg/L 

 Total aromatic hydrocarbons (TAH) may not exceed 10 µg/L 

 Petroleum hydrocarbons in shoreline or bottom sediments may not cause 
deleterious effects to aquatic life  

 Surface waters and adjoining shorelines must be virtually free from floating oil, 
film, sheen, or discoloration 

As specified in 18 AAC 75.345(f), groundwater that is closely connected hydrologically to 
nearby surface water may not cause a violation of these surface water quality standards.  
Remedial actions will be evaluated for free product and groundwater such that these surface 
water quality standards are met. 

A site-specific screening-level ecological risk assessment was performed for the site, and the 
results of this analysis are summarized in Section 6.  Screening-level ecological risk assessments 
are performed to identify the contaminants and environmental media, if any, that warrant 
detailed evaluation in a baseline risk assessment.  Site-specific soil data revealed that the only 
contaminant detected in surface soil (0 to 6 feet bgs) was DRO.  All detected concentrations of 
DRO were below levels of ecological concern.  Therefore, no ecological threat exists to 
ecological receptors from DRO, and a baseline risk assessment is not warranted for this site.  
Because there is no ecological threat, RAOs to protect ecological receptors are not needed at 
Area 303. 
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8.2 EXTENT OF CONTAMINATION FOR MEDIA OF CONCERN  

The media of concern for which RAOs were established in Section 8.1 include groundwater and 
free-phase product.  The extent of groundwater that exceeds Alaska DEC criteria established for 
groundwater used as drinking water source is shown on Figure 8-1.  The area totals 
approximately 18.3 acres.  The approximate extent of free product at the site is also shown on 
Figure 8-1.  Measurable thicknesses of free product were detected in two areas.  The more 
southerly area is most likely the result of release(s) from the SWMU 62 Eagle Bay Housing Area 
and will not be addressed as part of the Area 303 FFS.  This southerly free-product plume is 
being addressed under cleanup actions implemented for SWMU 62.  The northerly area totals 
approximately 0.8 acre. 
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9.0  IDENTIFICATION AND SCREENING OF REMEDIAL TECHNOLOGY TYPES 
AND PROCESS OPTIONS  

GRAs, remedial technology types, and process options for the 128 petroleum-release sites at the 
former Adak Naval Complex were previously identified and screened in the FFS for petroleum 
sites (URSG 1998) and the addendum to the FFS for petroleum sites (URSG 1999d).  (GRAs and 
remedial technology types are categories of remediation processes that achieve a common 
objective.)  Because this process was completed for the 128 previously identified petroleum-
release sites, this process was not repeated for Area 303 in accordance with the agreement 
reached between the Alaska DEC and the Navy (URS 2007).  The following provides a summary 
of the identification and screening of GRAs, remedial technology types, and process options for 
the 128 petroleum-release sites on Adak.  Should a more thorough analysis of the identification 
and screening of GRAs, remedial technology types, and process options be required, the reader is 
referred to the earlier feasibility study documents. 

During the 1998 FFS as amended in 1999 (URSG 1998 and 1999d), GRAs, remedial technology 
types, and process options were identified and screened for their applicability to petroleum-
contaminated sites and their ability to achieve the established RAOs.  One or more technology 
types were identified for each of the GRA categories identified during the development of 
RAOs.  The screening was conducted in this manner to maintain a broad range of response 
alternatives that could be successfully implemented if any one alternative or combination of 
alternatives were selected as a preferred remedy. 

The technology types and process options were screened to identify those considered for more 
detailed evaluation.  As specified by CERCLA guidance (USEPA 1988), which was the 
regulatory framework used in the 1998 FFS as amended in 1999, technology types and process 
options were first screened on the basis of technical feasibility.  A given technology type or 
process option was retained for further evaluation unless it was judged ineffective or was 
determined to be technically impractical to implement for a particular environmental medium 
and site, given the circumstances and condition of the site.  CERCLA guidance also specifies 
second-level screening of process options, based on effectiveness, implementability, and relative 
cost. 

The screening process conducted for the 1998 FFS included a review of the history of remedial 
actions performed on Adak Island to that date.  This review reduced the list of technologies to 
those known to be feasible.  Technologies new to or untested in the Adak environment were 
given lower preference than those that can be implemented with a high likelihood of success. 
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Results of the initial screening of technology types and process options conducted for the 1998 
FFS are shown in Table 9-1. 
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Table 9-1 
Initial Screening of Remedial Technologies for All Petroleum-Release Sites on Adak 

 
General Response 

Action Technology Types Process Options Screening Decision 
No Action None None Retained.  No action 

alternative is included as 
a baseline for 
consideration purposes. 

Institutional Controls Land Use Restrictions Deed restrictions 
Groundwater use 
restrictions 
Soil excavation 
restrictions 
Restrictive covenants 

Retained 

 Access Restrictions Fences 
Signage 

Retained 

 Site Inspections Site inspection 
Cover inspection and 
maintenance 

Retained 

 En vironmental 
Monitoring 

Groundwater 
Soil 
Surface water 
Sediment 

Retained 

Passive Treatment Natural Attenuation Biodegradation 
Volatilization 

Retained 

Product Recovery Pump and Treat Operation and 
maintenance of petroleum 
product recovery system 

Retained 

 Skimming (Passive) Operation and 
maintenance of petroleum 
product recovery system 

Retained 

 Skimming (Mechanical) Operation and 
maintenance of petroleum 
product recovery system 

Retained 

 Groundwater Extraction Operation and 
maintenance of petroleum 
product recovery system 

Retained 

 V apor 
Extraction/Groundwater 
Extraction 

Operation and 
maintenance of petroleum 
product recovery system 

Retained 

 Dual-Phase Recovery Operation and 
maintenance of petroleum 
product recovery system 

Retained 
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Table 9-1 (Continued) 
Initial Screening of Remedial Technologies for All Petroleum-Release Sites on Adak 

 

General Response 
Action Technology Types Process Options Screening Decision 

Active Treatment 
Soil Only 

Bioremediation—Soil 
Only 
(in situ) 

Tilling of soil (also called 
in situ landfarming).  May 
include augering of 
nutrients/“bugs” into soil. 

Eliminated 

 In Situ Soil Treatment Soil vapor extraction 
(SVE) 

Retained 

 Bio remediation—Soil 
Only  
(ex situ) 

Landfarming (ex situ) Retained 
Biocell (uncovered) (also 
called biopile) 

Retained 

Composting Eli minated 
 Bio remediation—Soil 

Only 
(ex situ or in situ) 

Bioremediation—white 
rot fungus 

Eliminated 

Bioventing (injection of 
oxygen to increase 
bioremediation) 

Retained 

Active Treatment 
Soil and Groundwater 

Bioremediation 
Technologies Treating 
Soil and Groundwater 

Infiltration galleries (also 
called in situ 
bioremediation of soil and 
groundwater) 

Eliminated 

Biosparging R etained 
Bioslurping (also called 
dual-phase extraction or 
vacuum-enhanced 
extraction) 

Retained 

 In Situ Treatment of Soil 
and Groundwater 

Air sparging (also called 
in situ air stripping or in 
situ volatilization) 

Retained 

  Surfactant enhanced 
recovery in situ 

Retained 

 In Situ Separation 
Technologies 

Hydrogen peroxide 
addition with SVE (in situ 
separation from solid 
phase into soil vapor) 

Eliminated 

  Thermally enhanced 
recovery (steam 
injection/pumping of 
groundwater) 

Eliminated 
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Table 9-1 (Continued) 
Initial Screening of Remedial Technologies for All Petroleum-Release Sites on Adak 

 

General Response 
Action Technology Types Process Options Screening Decision 

Active Treatment 
Soil and Groundwater 
(Continued) 

Ex Situ Separation 
Technologies (Continued) 

Soil washing Eliminated 
Solvent extraction Eliminated 

 Thermal desorption (also 
called low-temperature 
thermal desorption) 

Retained 

Containment C apping/Cover Soil cover 
Hydraulic asphalt 

concrete 
Reinforced concrete 
Synthetic liner 
Clay cap 
RCRA/MFS cap 

Retained 

 Vertical Barriers Slurry walls 
Sheet piling 
Flexible membranes 

Eliminated 

 Exposure Barrier Soil cover Retained 
Removal Exca vation Mechanical excavation Retained 
Disposal Land Disposal RCRA Subtitle D 

(municipal waste) 
RCRA Subtitle C 
(hazardous waste) 

Eliminated 

 Re use Product recovery Retained 

Notes: 
MFS - minimum functional standards (State of Washington) 
RCRA - Resource Conservation and Recovery Act of 1976 
SVE - soil vapor extraction 
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10.0  CANDIDATE REMEDIAL ALTERNATIVES 

A comprehensive array of remedial alternatives was identified, developed, and evaluated by the 
Navy for the 128 previously identified petroleum-release sites at the former Adak Naval 
Complex during the 1998 FFS, as amended in 1999 (URSG 1998 and 1999d).  The 1998 FFS, as 
amended, provided the information required to select the preferred remedies for the 128 
petroleum-release sites in the OU A ROD, which was signed in 2000.  As agreed with the Alaska 
DEC (URS 2007), this FFS provides the analysis to be used in selecting the final remedy for 
Area 303 based on the work performed in the 1998 FFS, as amended in 1999. 

The list of cleanup alternatives developed for petroleum-release sites during the 1998 FFS, as 
amended (URSG 1998 and 1999d), was used as the starting point for identifying alternatives for 
Area 303.  The alternatives on this list were short-listed in Section 11 to include only those 
alternatives applicable to Area 303.  The full list of alternatives from the 1998 FFS, as amended, 
is as follows: 

 Alternative 1, No Action.  This alternative is included as a baseline to represent 
current conditions.  No remedial actions are included with this alternative.  It is 
used for comparison to the other alternatives. 

 Alternative 2, Limited Groundwater Monitoring.  Groundwater monitoring 
would be conducted to confirm that petroleum-related chemicals in groundwater 
are declining.  This approach to cleanup relies on naturally occurring processes to 
reduce petroleum concentrations in groundwater.  Microorganisms present in soil 
and groundwater break down petroleum compounds into harmless chemicals. 

 Alternative 3, Monitored Natural Attenuation and Institutional Controls.  
Groundwater monitoring would be conducted to evaluate whether petroleum-
related chemicals in groundwater are attenuating to concentrations below 
applicable Alaska DEC groundwater cleanup levels. Petroleum-related chemicals 
that currently exceed applicable Alaska DEC cleanup levels would be monitored, 
as well as natural attenuation indicator compounds.  This approach to cleanup 
relies on naturally occurring processes to reduce petroleum concentrations in 
groundwater.  This alternative also includes institutional controls as an additional 
means of reducing potential exposure to petroleum contamination.  Institutional 
controls are currently in place and are described in Section 1. 

 Alternative 4, Product Recovery.  Free product on the groundwater surface 
would be collected to the maximum extent practicable using skimmers. 
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 Alternative 5, Limited Soil Removal/Source Removal and Thermal 
Desorption.  Petroleum-contaminated soil would be excavated and then heated to 
drive off the petroleum compounds. 

 Alternative 6, Ex Situ Bioremediation of Soil.  Petroleum-contaminated soil 
would be excavated and placed in a lined pile for treatment.  Air, water, and 
nutrients would be added to the soil to encourage microorganisms to break down 
the petroleum compounds to harmless chemicals. 

 Alternative 7, In Situ Bioremediation of Soil, Monitored Natural 
Attenuation, and Institutional Controls.  Petroleum-contaminated soil would be 
treated in the ground.  This alternative relies on the same naturally occurring 
microorganisms as natural attenuation.  However, the growth of the 
microorganisms is encouraged by increasing air flow in the ground by either 
blowing air into the ground or by pulling air through the soil.  This alternative 
would also include institutional controls.  Institutional controls are currently in 
place and are described in Section 1. 

 Alternative 8, Soil Cover, Monitored Natural Attenuation, and Institutional 
Controls.  Contaminated surface soil would be covered with a layer of clean soil 
to prevent contact with petroleum.  Institutional controls would be used to further 
limit contact with petroleum chemicals in soil and groundwater.  Natural 
attenuation would cause the petroleum concentrations to decrease.  Institutional 
controls are currently in place and are described in Section 1. 

 Alternative 9, Soil Vapor Extraction/Air Sparging, Monitored Natural 
Attenuation, and Institutional Controls.  A vacuum system is used to cause 
light petroleum compounds to move to vapor extraction wells.  It is only effective 
for lighter petroleum materials such as those present in gasoline.  Institutional 
controls would be used to limit potential contact with petroleum.  Institutional 
controls are currently in place and are described in Section 1. 
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11.0  COMPARATIVE EVALUATION OF ALTERNATIVES 

The results of the 1998 FFS, as amended (URSG 1998 and 1999d), were applied to the analysis 
of remedial alternatives for Area 303 in accordance with the agreement reached with Alaska 
DEC (URS 2007).  The criteria used to complete the alternative evaluation in the 1998 FFS, as 
amended, were based on EPA guidance, which encompasses Alaska DEC guidance.  These 
criteria are summarized in Table 11-1.  State acceptance and community acceptance will be 
evaluated after public and state comments on the proposed cleanup actions are received.  
Therefore, these two criteria were not evaluated in the 1998 FFS, as amended, or in this FFS. 

An evaluation of alternatives using the EPA criteria was performed separately for each of the 
128 petroleum-release sites at the former Adak Naval Complex in the 1998 FFS, as amended 
(URSG 1998 and 1999d).  To summarize the results of the evaluations for the 128 petroleum-
release sites, the January 1998 Proposed Plan for Cleanup Action at Petroleum Sites on Adak 
Island presented the evaluations for nine categories of sites (U.S. Navy et al. 1998).  The nine 
categories of petroleum sites are provided in Table 11-2.  Sites that had similar characteristics 
were grouped together into the nine categories, and a single alternative evaluation was presented 
for each category.  The categories applicable to Area 303 presented in this FFS report are the 
following: 

 Category 1 – Free-product sites 
 Category 2 – Gasoline only sites 

The alternative evaluation that was performed for the Category 1 sites in the 1998 Proposed Plan 
(U.S. Navy et al. 1998) is applicable to Area 303, because free product has been detected at the 
site and free-product recovery activities have not been implemented at the site.  The alternative 
evaluation that was performed for the Category 2 sites is applicable to Area 303, because 
gasoline is the main contaminant at the site.  The alternative evaluations that were performed for 
Category 3, 4, 5, 6, 7, 8, and 9 sites are not applicable to Area 303, because these categories 
address sites with primarily diesel contamination. 

The alternative evaluations for Category 1 and Category 2 sites presented in the 1998 Proposed 
Plan (U.S. Navy et al. 1998) were combined for this FFS.  In addition, the alternative evaluations 
were modified slightly for this FFS report.  First, Alternative 2, Limited Groundwater 
Monitoring, was not evaluated in the 1998 Proposed Plan.  It was added in the 1999 FFS 
amendment (URSG 1999d), and an evaluation was never performed for this alternative.  
Therefore, an evaluation of this alternative was added during preparation of this FFS.  
Furthermore, the site-specific costs presented in the 1998 Proposed Plan are not directly 
applicable to Area 303.  Therefore, costs were estimated for implementing Alternatives 2 
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through 4.  The resulting modified figure is included as Figure 11-1.  In accordance with the 
1998 Proposed Plan, Alternatives 7 and 8 are not applicable to the Category 2 sites and, 
therefore, evaluation of these alternatives is not included in Figure 11-1.  Alternative 7 is not 
applicable, because this alternative applies only to sites with heavier petroleum compounds, such 
as diesel.  Alternative 8 is not applicable because this alternative applies only to sites with 
surface soil contamination. 

In addition, Alternatives 5, 6, and 9 are not applicable to Area 303.  Concentrations of petroleum 
hydrocarbons in soil above the most stringent Alaska DEC cleanup levels were generally found 
in soils at depths greater than 15 feet.  As a result, Alternatives 5 and 6, which require excavation 
and ex situ treatment of soil, are not applicable to the site.  In addition, because site conditions do 
not pose a risk to human health or the environment at Area 303, remedial alternatives developed 
for sites that do pose a risk above target health goals, which include Alternatives 5, 6, and 9, 
were eliminated as potential preferred remedial alternatives.  Therefore, the list of preferred 
remedial alternatives that may be selected for this site is limited to Alternatives 1, 2, 3, and/or 4.  
Descriptions of these alternatives and rough order-of-magnitude cost estimates are provided in 
Appendix J. 

To maintain consistency with past cleanup decisions, the 1998 FFS (as amended), the 1998 
proposed plan, and the OU A ROD were reviewed to determine what factors or criteria were 
used to select the preferred remedy for the 128 sites addressed in these documents.  These factors 
or criteria are the suitability criteria listed in Table 11-3. 

The preferred cleanup alternative for this site was selected based on a comparison of site-specific 
conditions to the criteria used to determine the suitability of an alternative, as presented in 
Table 11-3.  A solid bullet in this table adjacent to a suitability criterion indicates that site-
specific conditions match the alternative’s suitability criterion.  An alternative is identified as the 
preferred remedy when site-specific conditions most closely match the alternative’s suitability 
criteria. 

Based on these comparisons, Alternative 3, Monitored Natural Attenuation and Institutional 
Controls, and Alternative 4, Free-Phase Product Recovery, are the preferred remedial alternatives 
for Area 303.  These alternatives will provide appropriate, cost-effective remedies that protect 
human health and the environment and that can be implemented at the earliest possible time.  
Alternative 3 is selected for this site because groundwater concentrations are above the Alaska 
DEC cleanup levels.  Monitored natural attenuation is needed to reduce concentrations to below 
the Alaska DEC cleanup levels and institutional controls are needed as long as concentrations are 
above Alaska DEC cleanup levels.  Therefore, Alternative 3 is protective of human health and 
the environment and complies with Alaska regulations.  Alternative 4 is selected as a preferred 
remedial alternative at the site, because free product has been detected at the site.  Removal of 
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free product will reduce the risk of exposure to free product and will reduce the risk of free 
product migrating to East Canal.  Monitoring in wells downgradient of the free-product plume 
and upgradient of surface water will be used to detect if free product is migrating toward the East 
Canal.  Alternative 4 will be performed concurrently with Alternative 3.  Free-product recovery 
will comply with Alaska regulations and will reduce the source of petroleum dissolving into 
groundwater.
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Table 11-1 
EPA Criteria 

 

EPA Criteria 
Comparable 

Alaska DEC Criteria Description 

Overall protection of human health 
and the environment 

Protectiveness Whether a cleanup action provides adequate 
protection and how potential risks are 
eliminated, reduced, or controlled through 
treatment or control 

Compliance with regulations Regulations Whether a cleanup action will meet all 
potential cleanup levels 

Long-term effectiveness and 
permanence 

Short- and long-term 
effectiveness 

The ability of a cleanup action to reliably 
protect human health and the environment 
over time 

Reduction of toxicity, mobility, or 
volume through active treatment 

None How well treatment technologies that may 
be used in a cleanup action work; how well 
the cleanup treatment may work to make the 
chemicals less harmful, make them less 
likely to spread, or reduce the amount of 
contaminated material 

Short-term effectiveness Short- and long-term 
effectiveness 

How quickly the cleanup action is able to 
protect human health and the environment 
and what is its potential to create adverse 
effects during construction and 
implementation 

Implementability, suitability Practicable How readily the cleanup can be 
accomplished:  Are needed materials and 
services available?  How appropriate is the 
solution to the problem? 

Cost Practicable  Costs to build, operate, and maintain the 
cleanup remedy 

State acceptance None Whether, based on its review of the project 
documents and proposed plan, the state 
agrees with, opposes, or has no comment on 
the preferred alternative 

Community acceptance Public input Whether the public agrees with, opposes, or 
has no comment on the preferred alternative 
(determined after reviewing the public 
comments received on the FFS or proposed 
plan) 

Notes: 
DEC - Department of Environmental Conservation 
EPA - U.S. Environmental Protection Agency 
FFS - focused feasibility study 
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Table 11-2 
Categories of Petroleum Sites on Adak Island 

 
Category Site Description 

1 Fr ee-product sites 
2 Gasoline only sites 
3 Diesel sites, soil concentrations below screening levels, near surface water, with buildings over the 

source area 
4 Diesel sites, soil concentrations below screening levels, near surface water, without buildings over the 

source area 
5 Diesel sites, soil concentrations above screening levels, near surface water, with buildings over the 

source area 
6 Diesel sites, soil concentrations above screening levels, without buildings over the source area, 

groundwater risk is below acceptable risk 
7 Diesel sites, soil concentrations above screening levels, without buildings over the source area, 

groundwater risk above acceptable risk 
8 Diesel sites, soil concentrations above screening levels, without buildings over the source area, 

predicted ecological risk above acceptable risk 
9 Diesel sites, soil concentrations above screening levels, with buildings over the source area, predicted 

ecological risk above acceptable risk 
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Table 11-3 
Evaluation of Suitability of Cleanup Alternative 

 
Criteria to Determine the Suitability of Alternative Area 303 

Alternative 1:  No Action 
Petroleum-related chemicals do not pose an imminent threat to human health or the environment. ● 
Petroleum-related chemicals on site do not exceed ADEC soil or groundwater cleanup levels. ○ 

Selected as Preferred Alternative NO 
Alternative 2:  Limited Groundwater Monitoring 
Petroleum-related chemicals do not pose an imminent threat to human health or the environment 
(exclusive of the human health groundwater ingestion pathway). ● 
Groundwater at the site is not a reasonably expected potential future source of drinking water 
based on 18 AAC 75.350(2). ○ 
Groundwater that is closely connected hydrologically to nearby surface water does not cause a 
violation of the Alaska Water Quality Standards, 18 AAC 70. ● 
Soil contains petroleum-related chemicals at concentrations above the most stringent tabulated 
ADEC soil cleanup levels. ● 
Groundwater monitoring indicates the presence of petroleum-related chemicals at concentrations 
below ADEC groundwater cleanup levels established for groundwater used as drinking water. ○ 

Selected as Preferred Alternative NO 
Alternative 3:  Monitored Natural Attenuation and Institutional Controls 
Petroleum-related chemicals do not pose an imminent threat to human health or the environment 
(exclusive of the human health groundwater ingestion pathway). ● 
Groundwater at the site is a reasonably expected potential future source of drinking water based 
on 18 AAC 75.350(2). ● 
Groundwater that is closely connected hydrologically to nearby surface water does not cause a 
violation of the Alaska Water Quality Standards, 18 AAC 70. ● 
Soil contains petroleum-related chemicals at concentrations above the most stringent tabulated 
ADEC soil cleanup levels. ● 
Groundwater monitoring indicates the presence of petroleum-related chemicals at concentrations 
above ADEC groundwater cleanup levels established for groundwater used as drinking water. ● 

Selected as Preferred Alternative YES 
Alternative 4:  Free-Phase Product Recovery 
Site has quantities of residual free product on the groundwater surface that are considered 
practicable to recover. ● 

Selected as Preferred Alternative YES 

Notes: 
● true 
○ false 
AAC - Alaska Administrative Code 
ADEC - Alaska Department of Environmental Conservation
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Boring Logs for New Wells 
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15:35

handcore to 5' bgs
med sand, brown, dry to moist, no odor

as above to 5.5'
sand, fine trace of silt and clay with organics. Moist.

grades to tan brown med sand, moist no odor
No sheen no odor

5" of fine sand/silt trace of clay with roots from 9' to 9'5"
grades back to med and fine sand gray brown moist at 9.5'bgs
No odor no sheen
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole
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Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)
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CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
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Hammer
Data

Borehole
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15:40

15:45

15:50

16:00

moist,
No odor no sheen

saturated at 26'bgs strong gas odor
slight sheen

saturated strong odor
Strong odor no sheen

Insert screen 30'to26' bgs sample water
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14:30

14:50

14:55

15:00

15:05

15:15

MW303-22A step out boring for 22
Handcore to 5' bgs

Dk brown med sand and gravel.  Cobble layer at 2.5'bgs

Advance auger to 9'bgs
Dk brown fine snd and silt, trace of clay and organics.  Moist.

Grades to brown med sand @10.5'bgs.
No sheen no odor

No odor no sheen

No odor no sheen
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
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Drill Bit
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Groundwater Level (feet bgs)
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15:17

15:25

15:30

No odor no sheen

Saturated at 25' bgs

Slight odor light sheen

drill to 28'
Insert screen to sample water 28 - 24
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8:30

8:35

8:45

8:50

8:55

8:57

8:59

9:00

9:05

Handcore to 5'bgs
Grass underlain by brown med sand moist. Cobble layer at 3'bgs

Auger to 5'bgs

trace fine sand
No odor no sheen

No odor no sheen

No odor no sheen

Some rusty discoloration @12'bgs
No odor no sheen

grades to dk brown fine sand and silt trace of clay and organics
No odor no sheen

No odor no sheen

grades to brown med sand trace of fine sand, no odor moist
No odor no sheen

No odor no sheen
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OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

28 feet bgs

CME 55

6/21/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill
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9:10

9:25

9:30

moist to wet
No odor no sheen

saturated at 25
No odor no sheen

No odor no sheen

Insert screen point sample water.
screen 28-24
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10:30

13:25

13:30

13:45

13:47

13:50

13:55

(step in hole for GP303-22)

handcore to 5'  brown med sand trace of fine sand no odor, moist
cobbles @ 3'bgs

Auger to 10'bgs

moist
No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/21/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill
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14:00

14:05

14:07

No odor no sheen

wet at tip
No odor no sheen

saturated at 26
Slight odor sheen present

Drive spoon to 29
Insert well point sample water
screen 29-25
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10:30

13:25

13:30

13:45

13:47

13:50

13:55

(step in hole for GP303-22)

handcore to 5'  brown med sand trace of fine sand no odor, moist
cobbles @ 3'bgs

Auger to 10'bgs

moist
No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/21/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill
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14:00
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No odor no sheen

wet at tip
No odor no sheen

saturated at 26
Slight odor sheen present

Drive spoon to 29
Insert well point sample water
screen 29-25
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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10:50

11:00

11:05

11:20

11:35

11:45

11:47

11:55

handcore to 4' refusal at 4 feet at five separate locations.
sand, dk brown with trace of gravel

large gray cobbles from 4 to 5' bgs

sand, find, dk gray , trace of silt, gravel, and cobbles, moist.
No odor no sheen

sand, med, dk brown, moist, slight odor
no sheen

moist, strong odor
No sheen

brown color, moist, slight to no odor
no sheen

Slight odor no sheen

Slight odor no sheen

gray color, moist
No odor no sheen

228
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25
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V

M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

30 feet bgs

CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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12:02

12:10

12:24

12:15

12:30

Slight odor no sheen

Slight odor no sheen

dk gray , wet
Strong odor slight sheen

saturated at 27'bgs
Strong odor, slight sheen

saturated
Strong odor, slight sheen

Screen at 29'bgs, water sample collected at 13:15

24
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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9:45

10:10

10:15

10:30

10:35

10:40

10:42

10:45

10:50

Step out boring for GP303-23
handcore to 5'
gravel underlain by med sand , brown, moist.

Cobbles at 4.5'bgs
Slight odor slight sheen

Slight odor slight sheen

Slight odor sheen present

Slight odor sheen present

Slight odor no sheen

Slight odor no sheen

Slight odor no sheen

Slight odor no sheen
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398

215

44.5

62.4
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

30 feet bgs

CME 55

6/14/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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10:55

11:00

11:05

11:10

Slight odor no sheen

Slight odor no sheen

Saturated at 26'bgs
Strong odor light sheen

Strong odor sheen present

drill to 30'
Set screen 26 - 30' sample water.
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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17:20

17:25
17:30

17:35

17:40

GP303-23B (second step out for GP303-23)
Handcore to 5'bgs
Dk brown med sand, moist, gravel and cobbles at 3'bgs

Drill to 15' bgs

brown gray med sand trace of fine sand. No odor moist
No odor no sheen

No odor no sheen

0.424"
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/14/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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17:41

17:44

17:50

17:55

Saturated at 24'bgs
No odor no sheen

slight odor no sheen

Slight odor no sheen
Set screen point to sample water (28 - 24)
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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11:20

13:30

13:35

13:40

step out for GP303-23
handcore to 5'
Brown med sand moist. Cobbles present at 3'bgs
Drill to 15 (see GP303-23B for geology)

moist
No odor no sheen

moist
No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
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 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/17/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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13:50

13:55

14:00

14:05

Saturated at 25'bgs
No odor no sheen

saturated

No odor no sheen
Insert screen and sample water (28 - 24)
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location

15:35

15:40

16:00

16:20

16:30

16:45

17:00

17:10

18:00

Handcore to 3' bgs
sand, medium, dark brown

sand, med and fine, brown, moist
No odor no sheen

No sheen no odor

moist
no odor no sheen

no odor no sheen

No odor no sheen

2" of dark brown fine sand with silt and clay. Moist with trace of organics.
Moist.  No perched water
No odor no sheen
sand, med and fine, gray saturated
No odor no sheen

saturated
No odor no sheen

No odor no sheen
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0.6

0.6

5

1.5

10.9

Area 303

GeoProbe Total Depth
of Borehole

Sampling
Method 1" x 2' Sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

21 feet bgs

GeoProbe Rig

6/9/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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12" Sample water from 16 - 20' 18:055.7
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/14/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509

18:45

19:05

19:07

19:10

19:12

19:15

19:20

(step out boring for GP303-24)
Handcore to 5' bgs
Brown med sand, moist, cobbles at 3'bgs
Drill to 10'bgs

dk brown med sand. Trace of fine sand, moist
No odor no sheen

grades to dk brown fine sand and silt trace of clay and organics
No odor no sheen
more fine sand

grades to med and fine sand, gray brown, moist to wet
Slight odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Project Location:   Adak, Alaska
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19:21

19:30

19:35

19:40

No odor no sheen

wet @ 25

saturated
No odor no sheen

saturated
insert sceen point sample water (28 - 24)
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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8:45

9:10

9:15

9:30

9:35

9:40
9:47

9:50

step in hole for GP303-24
handcore 0 - 5'
2" gravel underlain by dk brown med sand trace of fine sand, moist
cobbles at 3.5'bgs
drill to 9'bgs

brown med sand trace of fine sand, uniform, moist
No odor no sheen

moist
No odor no sheen

grades to fine sand and silt trace of clay and organics.  Dk brown

grades to med brown sand trace of fine sand, moist
No odor no sheen
moist to wet

No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
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M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/17/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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9:55

10:00

10:07

Saturated at 27'bgs
No odor no sheen

saturated
install well point sample water (28-24)
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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8:10

9:10

9:15

9:20

9:25

9:45

9:50

11:00

11:25

11:35

12:00

0 -  5' handcore
sand , fine to medium, tan brown color, dry to moist
No odor no sheen

No odor no sheen

moist
No sheen no odor

No odor no sheen

saturated at tip
No odor or sheen

saturated at10' bgs
no odor no sheen

Screen inserted to collect GW sample (11' bgs)

saturated
no odor no sheen

slight odor, dk grey color
no sheen slight odor

tan/brown color med and fine sand (some roots)
No odor no sheen

No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

GeoProbe Total Depth
of Borehole

Sampling
Method 1" x 2' Sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

21 feet bgs

GeoProbe Rig

6/9/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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SAMPLES
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

12:10as above.  Could not drive spoon past 21'
No sheen no odor55.212"
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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7:00

7:55

8:05

8:15

8:20

8:25

8:30

9:15

hand core to 5'bgs
upper 1' grass underlain by large cobbles and gravel

med sand, gray brown, moist no odor

grades to dk brown med sand trace of fine sand moist
Slight odor , slight sheen

moist
Slight odor no sheen

grades to fine sand and silt trace of clay and organics, gray brown, moist
Slight sheen slight odor

grades to med sand, trace of fine sand, brown, gray, saturated
No odor no sheen

No odor no sheen

No odor no sheen

saturated. Heaving sands
No odor no sheen

6.3

3.1

5.9

1.0

0.9

0.6

24"

24"

24"

24"

24"

18"

SP

SM

SP

U
S

C
S

SAMPLES

B
lo

w
s/

 6
in

.

Ty
peE
le

va
tio

n,
fe

et

D
ow

nh
ol

e
D

ep
th

, f
ee

t

N
um

be
r

R
ec

ov
er

y 
(%

)

G
ra

ph
ic

 L
og

MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

21 feet bgs

CME 55

6/11/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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Set screen 20 - 16'
Sample water

0.624"
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska

20

22

24

26

28

30

32

34

36

38

40

42

Log of Boring GP303-33



17:15

17:40

17:45

U
S

C
S

17:55

17:57

18:05

Handcore to 5' bgs.
4" asphalt
6" gray gravel
grades to brown med sand no odor , dry.

fine sand and silt with organics, peaty , moist, no odor
no sheen

Grades to med and fine sand, gray brown, moist
No sheen no odor

No odor no sheen

saturated at 11' bgs
No odor no sheen

saturated
No odor no sheen

Insert screen 12' to 16' bgs sample water
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V

M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

16 feet bgs

CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

13 feet bgs

CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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18:40

18:50

19:00

19:10

19:20

handcore to 5'
brown med and fine sand, moist no odor

med sand, dk gray, wet at 6.5'bgs.

grades to dk brown fine sand and silt, trace of clay, with organics
No odor no sheen

med sand, gray, saturated
No odor

Tan color from 9 - 10'bgs…grades back to dk gray at 10'
No odor no sheen

No odor no sheen

Set screen at 13'- 9'

10.6

19.6

2.9
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface



SP

SM

SP

2
2
4
3

5.1

10:05

231839 18"

Drill to 13'  see GP303-22B for geology

dk brown fine sand and silt trace of clay and organics (sandy
interbeds)
Slight odor no sheen
Soil sample 14 - 15 (231839)
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REMARKS AND
WELL DETAILS
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Hammer
Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.52 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

30.0 ft MLLW

6/24/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill

Log of Boring MW303-22
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Project Number:     33759509
Project Location:   Adak, Alaska
Project: DO #11
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6
11
10
13

24.5 ft
0.5

10:20

231840 24"

med sand trace of fine sand, brown/gray saturated at 25'bgs
No odor no sheen
Soil sample 24 - 25 (231840)

Drill to 35

Well point 32.5 - 32
Screen 32 - 22
Sand 32 - 20'7" 10/20 silica
Bentonite 20'7" - 14.5' holeplug
Grout to surface
3' stickup

SAMPLES
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Log of Boring MW303-22
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Project Number:     33759509
Project Location:   Adak, Alaska
Project: DO #11
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SP

3
3
4
5

0.3

13:20

13:25

13:40

231828 22"

Handcore to 5'
Gravel at surface, dk brown med sand trace of fine sand, moist
Drill to 15' at 1325 (see GP303-23c for geology)

as above brown/gray color moist
No odor no sheen

Soil sample 16 - 17 (231828)
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Hammer
Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.64 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

29.9 ft MLLW

6/22/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill

Log of Boring MW303-23
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6
8
10
12

24 ft

0.4

13:50

231829 24"

as above saturated at 26'bgs
No odor no sheen
Soil sample 25 - 26 (231829)

Drill to 35'

Well point 33.5 - 33
Screen 33 - 23
Sand 33 - 20'9" 10/20 silica
Bentonite 20'9" - 14' holeplug
Grout to surface
Flush mount
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Log of Boring MW303-23
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Project Location:   Adak, Alaska
Project: DO #11
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SP

SM

SP

10:10

10:22

231826

handcore to 5' bgs
dk brown med sand,, trace of fine sand, moist, gravel at surface
drill to 15' bgs   see GP303-24b for geology

grades to dk brown fine sand and silt trace of clay to 17'
soil sample 15.5  - 16.5 (231826)

grades back to med sand trace of fine sand
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Hammer
Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.49 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

31.0 ft MLLW

6/22/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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10:40

24"

drill to 25'bgs
saturated at 27' bgs
no odor no sheen
drill to 35'

well point 33.5 - 33
screen 33 - 23
sand 33 - 20'7"  10/20 silica sand
bentonite  20'7" to 14' holeplug
grout to surface
1.9' stickup
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3
1

2
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2

8.75 ft

0.3

20.5

8:30

8:50

9:00

231825 24"

22"

Handcore to 5'
Dk brown med sand trace of fine sand, cobbles at 3'bgs
becoming brown/gray at 5'
Drill to 9'bgs

Saturated at 10' bgs
No odor no sheen
Sample from 9 - 10 (231825)

Drill to 15'
15 - 17 med and fine sand brown/gray
Slight odor no sheen

heaving sands
Drill to 20.
Well point 17.5 - 7
Screen 17 - 7'
Sand 17 - 5.5' 10/20 silica
Bentonite 5.5 - 2'bgs
3.45' stickup
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 17.01 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.3 ft MLLW

6/22/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 20 feet bgs

Borehole
Backfill
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Handcore to 5'
2" gray gravel underlain by med and fine sand,gray color, moist.

Cobbles present at 4.5'bgs

drill to 13'bgs  Med sand trace of fine, moist, no odor.

as above. Saturated at 13'bgs
No odor no sheen

Grades to brown fine sand silt, trace of clay and organics.
No odor no sheen
Sample from 16 - 17 (231798)

Grades back to med and fine sand brown, moist to wet
No odor no sheen

Grades to gray color at 20.5'
No odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.43 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.7 ft MLLW

6/12/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 30.5 feet bgs

Borehole
Backfill
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Drill to 27
No odor no sheen

Wellpoint 30.5' to 30'
Screen 30 - 20
Sand 30 - 18' 10/20 silica
Bentonite 18' - 8' holeplug
Grout to surface
2' stickup
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22 ft
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2.5
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17:05

17:50

231800

24"

24"

18"

Saturated at 22'bgs
No odor no sheen
Sample 21 - 22 (231800)
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24"

24"

24"

20"

24"

Handcore to 5'bgs  2' grass and topsoil, brown med and fine
sand, moist.

Gravel layer at 3.5'bgs no odor no sheen.
drill to 9' bgs

as above, moist gray color
No odor no sheen

Saturated at tip (cobbles present at 12.5'bgs)
No odor no sheen

grades to brown fine sand and silt, trace of clay and organics,
moist.
No odor no sheen
Soil sample 14 -15 (231804)
Slight odor no sheen

grades to gray med sand trace of fine sand, moist
Slight odor no sheen

Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.6 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

29.7 ft MLLW

6/13/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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20"

24"

24"

24"

Slight odor no sheen

saturated at 25' bgs some heaving
Strong odor sheen present
Soil sample 24 - 25 (231805)
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16:00

16:10

16:40

231805

Drill to 30'  heaving sands
with cobbles and fine sand present
No odor no sheen

Heavy heaving…drill to 35'

Well point 32.5' to 32
Screen 32 - 22
Sand  32.5 - 20.5' 10/20 silica sand
Bentonite 20.5' - 10'2" holeplug
Grout to surface
3.25' stickup
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14:55
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15:27

231815

24"

24"

24"

24"

22"

24"

24"

handcore to 5' dk brown med sand trace of fine sand, cobbles
@2.5'bgs
auger to 5'

brown med sand trace of fine sand, moist
No odor no sheen

grades to dk brown fine sand and silt, trace of clay and organics.
No odor no sheen
Sample 7.5 - 8.5 (231815)
grades back to med sand
No odor no sheen

No odor no sheen

No odor no sheen

Slight odor no sheen

Slight odor no sheen

Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.52 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

30.0 ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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26 ft
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24"

12"

Slight odor no sheen

moist to wet
Slight odor no sheen

saturated at tip
Slight odor no sheen
Soil sample 26 - 27 (231816)

saturated
Strong odor no sheen

Slight odor no sheen

No odor no sheen

Drill to 35' heaving

Well tip 34.5 - 34
Screen 34 - 24
Sand 34 - 20.5 10/20 silica
Bentonite 20.5 - 13 holeplug
Grout to surface
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22"
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24"

handcore to 5' dk brown med sand trace of fine sand, cobbles
@2.5'bgs
auger to 5'

brown med sand trace of fine sand, moist
No odor no sheen

grades to dk brown fine sand and silt, trace of clay and organics.
No odor no sheen
Sample 7.5 - 8.5 (231815)
grades back to med sand
No odor no sheen

No odor no sheen

No odor no sheen

Slight odor no sheen

Slight odor no sheen

Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.52 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

30.0 ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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231816
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Slight odor no sheen

moist to wet
Slight odor no sheen

saturated at tip
Slight odor no sheen
Soil sample 26 - 27 (231816)

saturated
Strong odor no sheen

Slight odor no sheen

No odor no sheen

Drill to 35' heaving

Well tip 34.5 - 34
Screen 34 - 24
Sand 34 - 20.5 10/20 silica
Bentonite 20.5 - 13 holeplug
Grout to surface
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8:55

9:00

9:10

9:15

9:20

9:30

9:35

231820

22"

24"

22"

24"

24"

Handcore to 5'
Brown med sand trace of fine sand, cobbles at 2.5'bgs
Drill to 7' bgs

moist
No odor no sheen

moist
No odor no sheen

saturated
No odor no sheen

grades to dk brown fine sand and silt, with trace of clay and
organics.  Diesel like odor
Slight odor light sheen
Soil sample 16.5 - 17 (231820)
odor becoming gas like at tip
Strong odor sheen present
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.11 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

28.7 ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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231821

24"

24"

22"

Grades back to brown gray med sand trace of fine sand, most
gas like odor
Strong odor sheen present

Saturated at 26'bgs
Strong odor, sheen present
Soil sample 25 - 26 (231821)

saturated
No odor no sheen

Well tip 33.5 - 33
Screen 33 - 23
Sand 33 - 20 10/20 silica
Bentonite 20 - 10'8"  holeplug
Grout to surface
1.2 feet stickup
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55

13:45

14:15

14:25

231835 18"

24"

handcore to 5'
dk brown medium sand trace of fine sand.   Cobbles at 2.5' bgs
drill to 15'  as above

grades to dkbrown fine sand and silt, trace of clay and organics.
Heavy sheen and odor saturated above silt layer
Strong odor, heavy sheen
Soil sample 15.5 - 16.5 (231835)

Product in sample to 18'bgs.

Grades to med sand trace of fine sand gray/brown, moist
Strong odor heavy sheen
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Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.51 ft MLLW on 7/17/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

28.6 ft MLLW

6/23/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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1959

14:45

231836 24"

Drill to 23
as above  saturated at 25' gas like odor
Strong odor slight sheen
soil sample 24 - 25 (231836)

Drill to 35' as above saturated

Well point 32.5' - 32
Screen 32 - 22
Sand 32 - 19'6" 10/20 silica
Bentonite 19'6" - 12.5' holeplug
Grout to surface
2.8' stickup
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231833

16"

18"

handcore to 5'
brown med sand trace of fine sand, moist, no odor. Cobbles at
2.5'bgs  becomes brown/gray at 3'bgs

drill to 15'bgs.
15 - 17 as above sat at tip
Slight odor no sheen

grades to dk brown fine sand and silt trace of clay and organics.
Moist
soil sample 18 - 19 (231833)
No odor no sheen
grades to fine and med sand, brown, no organics. moist
Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.15 ft MLLW on 7/17/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

29.3 ft MLLW

6/23/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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10:50

231834

24"

24"

Drill to 25'
med and fine sand, saturated at 26' bgs strong gas like odor
Strong odor sheen present
Soil sample 25 - 26 (231834)

heaving sands
Drill to 35…as above saturated

Well point 33 - 32.5
Screen 32.5 - 22
Sand 32.5 - 19'
Bentonite 19 - 13
Grout to surface
2.5' stickup
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20"
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Handcore to 5'
coarse gravel, gray, dry
med sand, brown, moist, trace of fine sand

(large boulder @ 8'bgs)
No odor no sheen

wood present at 10.5' bgs
Slight odor no sheen

moist
No odor no sheen

No odor no sheen

grades to dk brown fine sand, silt trace of clay and organics.
moist
Strong odor no sheen
Soil sample from 15.5 - 16 (231796)

grades back to med sand brown, trace of fine sand, moist
Slight odor no sheen

Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.9 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.9 ft MLLW

6/12/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 29.5 feet bgs

Borehole
Backfill
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>39

21 ft

24"

24"

12"

saturated at 21.5'bgs
No odor no sheen
Sample from 21 - 21.5 (231797)

heaving in augers no sample

heaving in augers no sample
as above more fine sand heaving in augers
no odor no sheen

install screen
28.5 - 28 drive point tip
28 - 18' screen
sand 28 - 16'2"  10/20 silica sand
bentonite 16'2" - 9' (chips) hydrated with 5 gallons of water
grout to surface.
3.3'stickup
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11:10

11:30

231813

231814

24"

22"

14"

24"

24"

Handcore to 5'
brown med sand trace of fine sand, moist, no odor
drill to 10'bgs as above

grades to dk brown fine sand and silt trace of clay and organics,
moist to wet.  No odor
No odor no sheen
Sample from 12 - 13 (231813)

No odor no sheen

grades back to med sand brown trace of fine sand moist to wet
No odor no sheen

saturated at 20'bgs
No odor no sheen
Sample from 19 - 20 (231814)
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.57 ft MLLW on 7/17/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.5 ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 30 feet bgs

Borehole
Backfill
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>30

22.75 ft

2.0

0.2

11:35

11:45

24"

22"

saturated
No odor no sheen

cobbles at 26'bgs
No odor no sheen

heaving
drill to 30'

Well point 27.5 - 27
Screen 27 - 17
Sand 27 - 16' 10/20 silica
Bentonite 16 - 11 holeplug
Grount to surface
2.2' stickup
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1.4

2.5

0.8

10:00

10:10
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10:22

231806

24"

24"

18"

hand core to 3'  drill auger to 5'bgs
2" asphalt
2" gray gravel, dk brown med sand moist
drill to 9' as above

see GP303-34 for geology

as above wet at 11' bgs
No odor no sheen

saturated at 12'bgs
No odor no sheen
Sample 11' - 12' bgs (231806)

Drill to 18'bgs
as above more fine sand present
No odor no sheen

Well tip 19.5 - 19
Screen 19 - 9
Sand 19 - 8 10/20 silica
Bentonite 8 - 1'bgs
Flush mount casing

W
el

l
C

om
pl

et
io

n
S

ch
em

at
ic

W
el

l
C

om
pl

et
io

n
S

ch
em

at
ic

SAMPLES

D
ow

nh
ol

e
D

ep
th

, f
ee

t
Ty

peE
le

va
tio

n,
fe

et

U
S

C
S

B
lo

w
s/

 6
in

.

REMARKS AND
WELL DETAILS

O
V

M
 (p

pm
)

MATERIAL  DESCRIPTION

N
um

be
r

R
ec

ov
er

y 
(%

)

G
ra

ph
ic

 L
og

Hammer
Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.66 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

16.1 ft MLLW

6/16/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 20 feet bgs

Borehole
Backfill
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>25

13 ft

1.0

1.1

1.2

12:50

13:25

13:45

13:55

231807

231808

22"

24"

24"

Handcore to 5' bgs
Brown gray med sand moist
Drill to 7'bgs

see GP303-35 for geology

Grades to dk brown fine sand and silt trace of clay and organics
moist…to 8.5.
No odor no sheen
Sample 7.5- 8 (231807)

grades to med sand brown trace of fine sand wet.

as above saturated at 10'bgs
no odor no sheen
sample from 9.5 - 10' (231808)

drill to 17'
as above saturated more fine sand cobble in tip of spoon
No odor no sheen

W
el

l
C

om
pl

et
io

n
S

ch
em

at
ic

W
el

l
C

om
pl

et
io

n
S

ch
em

at
ic

SAMPLES

D
ow

nh
ol

e
D

ep
th

, f
ee

t
Ty

peE
le

va
tio

n,
fe

et

U
S

C
S

B
lo

w
s/

 6
in

.

REMARKS AND
WELL DETAILS

O
V

M
 (p

pm
)

MATERIAL  DESCRIPTION

N
um

be
r

R
ec

ov
er

y 
(%

)

G
ra

ph
ic

 L
og

Hammer
Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.89 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

16.4 ft MLLW

6/16/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 21 feet bgs

Borehole
Backfill
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Drill to 21 due to heaving

Well tip 19.5' - 19
Screen 19 - 9
Sand 19 - 8 10/20 silica
Bentonite 8' - 2' holeplug
2.5' stickup
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17

11.5 ft

0.3

1.2

16:00

16:20

231809 24"

24"

Handcore to 5'
Brown med sand trace of fine sand, moist. No odor

see GP303-36 for geology

as above saturated at 10.5'bgs
No odor no sheen
Sample 9.5 - 10.5 (231809)

Drill to 17'bgs
as above saturated
No odor no sheen
Well tip 18.5 - 18
Screen 18 - 8
Sand 18 - 7 10/20 silica
Bentonite 7 - 2' holeplug
2.2 feet of stickup
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Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.54 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

14.4 ft MLLW

6/16/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 19 feet bgs

Borehole
Backfill
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14:50

15:00

15:05

15:10

15:15

231823

24"

24"

24"

24"

24"

24"

handcore to 5'
grass underlain by med sand brown trace of fine sand cobbles at
4'bgs

grades to tan brown color
No odor no sheen

No odor no sheen

saturated at 10'bgs
No odor no sheen
Soil sample from 9- 10 ft (231823)

No odor no sheen

occasional cobble
No odor no sheen

more fine sand trace of silt
No odor no sheen

Drill to 20'

Well point 17.5' - 17
Screen 17 - 7
Sand 17 - 4' 10/20 silica
Bentonite 4 - 1 holeplug
1.8' stickup
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Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 2.9 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

12.9 ft ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 20 feet bgs

Borehole
Backfill
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14:00

14:30

14:50

14:55

15:00

15:05

15:15

MW303-22A step out boring for 22
Handcore to 5' bgs

Dk brown med sand and gravel.  Cobble layer at 2.5'bgs

Advance auger to 9'bgs
Dk brown fine snd and silt, trace of clay and organics.  Moist.

Grades to brown med sand @10.5'bgs.
No sheen no odor

No odor no sheen

No odor no sheen
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OTHER TESTS

O
V

M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

28 feet bgs

CME 55

6/14/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill
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15:17

15:25

15:30

No odor no sheen

Saturated at 25' bgs

Slight odor light sheen

drill to 28'
Insert screen to sample water 28 - 24
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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8:30

8:35

8:45

8:50

8:55

8:57

8:59

9:00

9:05

Handcore to 5'bgs
Grass underlain by brown med sand moist. Cobble layer at 3'bgs

Auger to 5'bgs

trace fine sand
No odor no sheen

No odor no sheen

No odor no sheen

Some rusty discoloration @12'bgs
No odor no sheen

grades to dk brown fine sand and silt trace of clay and organics
No odor no sheen

No odor no sheen

grades to brown med sand trace of fine sand, no odor moist
No odor no sheen

No odor no sheen
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

28 feet bgs

CME 55

6/21/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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9:10

9:25

9:30

moist to wet
No odor no sheen

saturated at 25
No odor no sheen

No odor no sheen

Insert screen point sample water.
screen 28-24
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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8:30

8:35

8:45

8:50

8:55

8:57

8:59

9:00

9:05

Handcore to 5'bgs
Grass underlain by brown med sand moist. Cobble layer at 3'bgs

Auger to 5'bgs

trace fine sand
No odor no sheen

No odor no sheen

No odor no sheen

Some rusty discoloration @12'bgs
No odor no sheen

grades to dk brown fine sand and silt trace of clay and organics
No odor no sheen

No odor no sheen

grades to brown med sand trace of fine sand, no odor moist
No odor no sheen

No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

28 feet bgs

CME 55

6/21/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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9:10

9:25

9:30

moist to wet
No odor no sheen

saturated at 25
No odor no sheen

No odor no sheen

Insert screen point sample water.
screen 28-24
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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10:30

13:25

13:30

13:45

13:47

13:50

13:55

(step in hole for GP303-22)

handcore to 5'  brown med sand trace of fine sand no odor, moist
cobbles @ 3'bgs

Auger to 10'bgs

moist
No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen

No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V

M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/21/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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14:00

14:05

14:07

No odor no sheen

wet at tip
No odor no sheen

saturated at 26
Slight odor sheen present

Drive spoon to 29
Insert well point sample water
screen 29-25
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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10:50

11:00

11:05

11:20

11:35

11:45

11:47

11:55

handcore to 4' refusal at 4 feet at five separate locations.
sand, dk brown with trace of gravel

large gray cobbles from 4 to 5' bgs

sand, find, dk gray , trace of silt, gravel, and cobbles, moist.
No odor no sheen

sand, med, dk brown, moist, slight odor
no sheen

moist, strong odor
No sheen

brown color, moist, slight to no odor
no sheen

Slight odor no sheen

Slight odor no sheen

gray color, moist
No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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 (p
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

30 feet bgs

CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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12:02

12:10

12:24

12:15

12:30

Slight odor no sheen

Slight odor no sheen

dk gray , wet
Strong odor slight sheen

saturated at 27'bgs
Strong odor, slight sheen

saturated
Strong odor, slight sheen

Screen at 29'bgs, water sample collected at 13:15
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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9:45

10:10

10:15

10:30

10:35

10:40

10:42

10:45

10:50

Step out boring for GP303-23
handcore to 5'
gravel underlain by med sand , brown, moist.

Cobbles at 4.5'bgs
Slight odor slight sheen

Slight odor slight sheen

Slight odor sheen present

Slight odor sheen present

Slight odor no sheen

Slight odor no sheen

Slight odor no sheen

Slight odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

30 feet bgs

CME 55

6/14/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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10:55

11:00

11:05

11:10

Slight odor no sheen

Slight odor no sheen

Saturated at 26'bgs
Strong odor light sheen

Strong odor sheen present

drill to 30'
Set screen 26 - 30' sample water.

85.1

39.1
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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17:20

17:25
17:30

17:35

17:40

GP303-23B (second step out for GP303-23)
Handcore to 5'bgs
Dk brown med sand, moist, gravel and cobbles at 3'bgs

Drill to 15' bgs

brown gray med sand trace of fine sand. No odor moist
No odor no sheen

No odor no sheen

0.424"
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/14/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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11:20

13:30

13:35

13:40

step out for GP303-23
handcore to 5'
Brown med sand moist. Cobbles present at 3'bgs
Drill to 15 (see GP303-23B for geology)

moist
No odor no sheen

moist
No odor no sheen

0.224"
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/17/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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13:50

13:55

14:00

14:05

Saturated at 25'bgs
No odor no sheen

saturated

No odor no sheen
Insert screen and sample water (28 - 24)
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OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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17:41

17:44

17:50

17:55

Saturated at 24'bgs
No odor no sheen

slight odor no sheen

Slight odor no sheen
Set screen point to sample water (28 - 24)

0.4

0.3

0.5

24"

20"

24"

U
S

C
S

SAMPLES

B
lo

w
s/

 6
in

.

Ty
peE
le

va
tio

n,
fe

et

D
ow

nh
ol

e
D

ep
th

, f
ee

t

N
um

be
r

R
ec

ov
er

y 
(%

)

G
ra

ph
ic

 L
og

MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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11:20

13:30

13:35

13:40

step out for GP303-23
handcore to 5'
Brown med sand moist. Cobbles present at 3'bgs
Drill to 15 (see GP303-23B for geology)

moist
No odor no sheen

moist
No odor no sheen

0.224"
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V

M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/17/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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13:50

13:55

14:00

14:05

Saturated at 25'bgs
No odor no sheen

saturated

No odor no sheen
Insert screen and sample water (28 - 24)
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V

M
 (p

pm
)

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location

15:35

15:40

16:00

16:20

16:30

16:45

17:00

17:10

18:00

Handcore to 3' bgs
sand, medium, dark brown

sand, med and fine, brown, moist
No odor no sheen

No sheen no odor

moist
no odor no sheen

no odor no sheen

No odor no sheen

2" of dark brown fine sand with silt and clay. Moist with trace of organics.
Moist.  No perched water
No odor no sheen
sand, med and fine, gray saturated
No odor no sheen

saturated
No odor no sheen

No odor no sheen
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0.6

5

1.5

10.9

Area 303

GeoProbe Total Depth
of Borehole

Sampling
Method 1" x 2' Sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

21 feet bgs

GeoProbe Rig

6/9/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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12" Sample water from 16 - 20' 18:055.7
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska

20

22

24

26

28

30

32

34

36

38

40

42

Log of Boring GP303-24
Sheet 2 of 2

E
N

V
2 

W
/O

 W
E

LL
  T

:\O
N

E
W

O
R

LD
\3

37
59

50
9 

A
D

A
K

 D
O

 1
1\

33
75

95
09

.G
P

J 
 U

R
S

S
E

A
3B

.G
LB

  U
R

S
S

E
A

3.
G

D
T 

 4
/9

/0
7



Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/14/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509

18:45

19:05

19:07

19:10

19:12

19:15

19:20

(step out boring for GP303-24)
Handcore to 5' bgs
Brown med sand, moist, cobbles at 3'bgs
Drill to 10'bgs

dk brown med sand. Trace of fine sand, moist
No odor no sheen

grades to dk brown fine sand and silt trace of clay and organics
No odor no sheen
more fine sand

grades to med and fine sand, gray brown, moist to wet
Slight odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Project Location:   Adak, Alaska
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19:21

19:30

19:35

19:40

No odor no sheen

wet @ 25

saturated
No odor no sheen

saturated
insert sceen point sample water (28 - 24)
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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8:45

9:10

9:15

9:30

9:35

9:40
9:47

9:50

step in hole for GP303-24
handcore 0 - 5'
2" gravel underlain by dk brown med sand trace of fine sand, moist
cobbles at 3.5'bgs
drill to 9'bgs

brown med sand trace of fine sand, uniform, moist
No odor no sheen

moist
No odor no sheen

grades to fine sand and silt trace of clay and organics.  Dk brown

grades to med brown sand trace of fine sand, moist
No odor no sheen
moist to wet

No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V

M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

29 feet bgs

CME 55

6/17/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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9:55

10:00

10:07

Saturated at 27'bgs
No odor no sheen

saturated
install well point sample water (28-24)
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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8:10

9:10

9:15

9:20

9:25

9:45

9:50

11:00

11:25

11:35

12:00

0 -  5' handcore
sand , fine to medium, tan brown color, dry to moist
No odor no sheen

No odor no sheen

moist
No sheen no odor

No odor no sheen

saturated at tip
No odor or sheen

saturated at10' bgs
no odor no sheen

Screen inserted to collect GW sample (11' bgs)

saturated
no odor no sheen

slight odor, dk grey color
no sheen slight odor

tan/brown color med and fine sand (some roots)
No odor no sheen

No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

GeoProbe Total Depth
of Borehole

Sampling
Method 1" x 2' Sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

21 feet bgs

GeoProbe Rig

6/9/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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SAMPLES
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

12:10as above.  Could not drive spoon past 21'
No sheen no odor55.212"
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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7:00

7:55

8:05

8:15

8:20

8:25

8:30

9:15

hand core to 5'bgs
upper 1' grass underlain by large cobbles and gravel

med sand, gray brown, moist no odor

grades to dk brown med sand trace of fine sand moist
Slight odor , slight sheen

moist
Slight odor no sheen

grades to fine sand and silt trace of clay and organics, gray brown, moist
Slight sheen slight odor

grades to med sand, trace of fine sand, brown, gray, saturated
No odor no sheen

No odor no sheen

No odor no sheen

saturated. Heaving sands
No odor no sheen
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V
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 (p
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

21 feet bgs

CME 55

6/11/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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Set screen 20 - 16'
Sample water

0.624"
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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17:15

17:40

17:45

U
S
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S

17:55

17:57

18:05

Handcore to 5' bgs.
4" asphalt
6" gray gravel
grades to brown med sand no odor , dry.

fine sand and silt with organics, peaty , moist, no odor
no sheen

Grades to med and fine sand, gray brown, moist
No sheen no odor

No odor no sheen

saturated at 11' bgs
No odor no sheen

saturated
No odor no sheen

Insert screen 12' to 16' bgs sample water
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V

M
 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

16 feet bgs

CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

13 feet bgs

CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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18:40

18:50

19:00

19:10

19:20

handcore to 5'
brown med and fine sand, moist no odor

med sand, dk gray, wet at 6.5'bgs.

grades to dk brown fine sand and silt, trace of clay, with organics
No odor no sheen

med sand, gray, saturated
No odor

Tan color from 9 - 10'bgs…grades back to dk gray at 10'
No odor no sheen

No odor no sheen

Set screen at 13'- 9'

10.6

19.6

2.9
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS
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)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface



20:10

20:25

20:30

20:35

20:40

20:45

handcore to 5'
brown med sand, moist, trace of gravel no odor

med and fine sand
No odor no sheen

fine sand and peat, no odor, no sheen

grades to med sand, gray brown, moist
No odor no sheen

saturated at 10'bgs
No odor no sheen

No odor no sheen

no recovery.. saturated

set screen at 15' to 11'
sample water
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1.9
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MATERIAL  DESCRIPTION REMARKS AND
OTHER TESTS

O
V
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 (p

pm
)

Denali Drilling, Anchorage, AK

Drill Rig
Type

TMMLogged By

Location Area 303

4.25" ID Hollow Stem Auger Total Depth
of Borehole

Sampling
Method 3" x 2' D&M sampler

Grout to surface

Ground Surface
Elevation

Drill Bit
Size/Type

Checked By

Groundwater Level (feet bgs)

15 feet bgs

CME 55

6/10/06

Drilling
Method

Drilling
Contractor

Date(s)
Drilled

Hammer
Data

Borehole
Backfill

Project: DO #11

Project Number:     33759509
Project Location:   Adak, Alaska
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SP

SM

SP

2
2
4
3

5.1

10:05

231839 18"

Drill to 13'  see GP303-22B for geology

dk brown fine sand and silt trace of clay and organics (sandy
interbeds)
Slight odor no sheen
Soil sample 14 - 15 (231839)
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REMARKS AND
WELL DETAILS
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Hammer
Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.52 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

30.0 ft MLLW

6/24/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill

Log of Boring MW303-22
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Project Number:     33759509
Project Location:   Adak, Alaska
Project: DO #11
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6
11
10
13

24.5 ft
0.5

10:20

231840 24"

med sand trace of fine sand, brown/gray saturated at 25'bgs
No odor no sheen
Soil sample 24 - 25 (231840)

Drill to 35

Well point 32.5 - 32
Screen 32 - 22
Sand 32 - 20'7" 10/20 silica
Bentonite 20'7" - 14.5' holeplug
Grout to surface
3' stickup
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Log of Boring MW303-22
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Project Number:     33759509
Project Location:   Adak, Alaska
Project: DO #11
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SP

3
3
4
5

0.3

13:20

13:25

13:40

231828 22"

Handcore to 5'
Gravel at surface, dk brown med sand trace of fine sand, moist
Drill to 15' at 1325 (see GP303-23c for geology)

as above brown/gray color moist
No odor no sheen

Soil sample 16 - 17 (231828)
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.64 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

29.9 ft MLLW

6/22/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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8
10
12

24 ft

0.4

13:50

231829 24"

as above saturated at 26'bgs
No odor no sheen
Soil sample 25 - 26 (231829)

Drill to 35'

Well point 33.5 - 33
Screen 33 - 23
Sand 33 - 20'9" 10/20 silica
Bentonite 20'9" - 14' holeplug
Grout to surface
Flush mount
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SP

SM

SP

10:10

10:22

231826

handcore to 5' bgs
dk brown med sand,, trace of fine sand, moist, gravel at surface
drill to 15' bgs   see GP303-24b for geology

grades to dk brown fine sand and silt trace of clay to 17'
soil sample 15.5  - 16.5 (231826)

grades back to med sand trace of fine sand
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.49 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

31.0 ft MLLW

6/22/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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1

25.25 ft

2.3

10:40

24"

drill to 25'bgs
saturated at 27' bgs
no odor no sheen
drill to 35'

well point 33.5 - 33
screen 33 - 23
sand 33 - 20'7"  10/20 silica sand
bentonite  20'7" to 14' holeplug
grout to surface
1.9' stickup

SAMPLES
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SP

1
2
3
1

2
2
2
2

8.75 ft

0.3

20.5

8:30

8:50

9:00

231825 24"

22"

Handcore to 5'
Dk brown med sand trace of fine sand, cobbles at 3'bgs
becoming brown/gray at 5'
Drill to 9'bgs

Saturated at 10' bgs
No odor no sheen
Sample from 9 - 10 (231825)

Drill to 15'
15 - 17 med and fine sand brown/gray
Slight odor no sheen

heaving sands
Drill to 20.
Well point 17.5 - 7
Screen 17 - 7'
Sand 17 - 5.5' 10/20 silica
Bentonite 5.5 - 2'bgs
3.45' stickup
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Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 17.01 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.3 ft MLLW

6/22/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 20 feet bgs

Borehole
Backfill
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15:50
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16:30

16:35

16:55

231798

24"

24"

24"

Handcore to 5'
2" gray gravel underlain by med and fine sand,gray color, moist.

Cobbles present at 4.5'bgs

drill to 13'bgs  Med sand trace of fine, moist, no odor.

as above. Saturated at 13'bgs
No odor no sheen

Grades to brown fine sand silt, trace of clay and organics.
No odor no sheen
Sample from 16 - 17 (231798)

Grades back to med and fine sand brown, moist to wet
No odor no sheen

Grades to gray color at 20.5'
No odor no sheen

SAMPLES
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 5.43 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.7 ft MLLW

6/12/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 30.5 feet bgs

Borehole
Backfill
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Drill to 27
No odor no sheen

Wellpoint 30.5' to 30'
Screen 30 - 20
Sand 30 - 18' 10/20 silica
Bentonite 18' - 8' holeplug
Grout to surface
2' stickup
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4
20

>30

22 ft

5.3

2.5

2.5

17:05

17:50

231800

24"

24"

18"

Saturated at 22'bgs
No odor no sheen
Sample 21 - 22 (231800)
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24"

24"

24"

20"

24"

Handcore to 5'bgs  2' grass and topsoil, brown med and fine
sand, moist.

Gravel layer at 3.5'bgs no odor no sheen.
drill to 9' bgs

as above, moist gray color
No odor no sheen

Saturated at tip (cobbles present at 12.5'bgs)
No odor no sheen

grades to brown fine sand and silt, trace of clay and organics,
moist.
No odor no sheen
Soil sample 14 -15 (231804)
Slight odor no sheen

grades to gray med sand trace of fine sand, moist
Slight odor no sheen

Slight odor no sheen
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Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.6 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

29.7 ft MLLW

6/13/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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20"

24"

24"

24"

Slight odor no sheen

saturated at 25' bgs some heaving
Strong odor sheen present
Soil sample 24 - 25 (231805)
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>30

25 ft

13.5

16.9

1550

2.2

16:00

16:10

16:40

231805

Drill to 30'  heaving sands
with cobbles and fine sand present
No odor no sheen

Heavy heaving…drill to 35'

Well point 32.5' to 32
Screen 32 - 22
Sand  32.5 - 20.5' 10/20 silica sand
Bentonite 20.5' - 10'2" holeplug
Grout to surface
3.25' stickup
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40.2
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40.1
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14:55
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15:27

231815

24"

24"

24"

24"

22"

24"

24"

handcore to 5' dk brown med sand trace of fine sand, cobbles
@2.5'bgs
auger to 5'

brown med sand trace of fine sand, moist
No odor no sheen

grades to dk brown fine sand and silt, trace of clay and organics.
No odor no sheen
Sample 7.5 - 8.5 (231815)
grades back to med sand
No odor no sheen

No odor no sheen

No odor no sheen

Slight odor no sheen

Slight odor no sheen

Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.52 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

30.0 ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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26 ft

36.1

125

11.5

52.6

174.5

43.7
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231816

24"

24"

24"

24"

24"

24"

12"

Slight odor no sheen

moist to wet
Slight odor no sheen

saturated at tip
Slight odor no sheen
Soil sample 26 - 27 (231816)

saturated
Strong odor no sheen

Slight odor no sheen

No odor no sheen

Drill to 35' heaving

Well tip 34.5 - 34
Screen 34 - 24
Sand 34 - 20.5 10/20 silica
Bentonite 20.5 - 13 holeplug
Grout to surface
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231820

22"

24"

22"

24"

24"

Handcore to 5'
Brown med sand trace of fine sand, cobbles at 2.5'bgs
Drill to 7' bgs

moist
No odor no sheen

moist
No odor no sheen

saturated
No odor no sheen

grades to dk brown fine sand and silt, with trace of clay and
organics.  Diesel like odor
Slight odor light sheen
Soil sample 16.5 - 17 (231820)
odor becoming gas like at tip
Strong odor sheen present
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.11 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

28.7 ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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24"
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Grades back to brown gray med sand trace of fine sand, most
gas like odor
Strong odor sheen present

Saturated at 26'bgs
Strong odor, sheen present
Soil sample 25 - 26 (231821)

saturated
No odor no sheen

Well tip 33.5 - 33
Screen 33 - 23
Sand 33 - 20 10/20 silica
Bentonite 20 - 10'8"  holeplug
Grout to surface
1.2 feet stickup
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13:45

14:15

14:25

231835 18"

24"

handcore to 5'
dk brown medium sand trace of fine sand.   Cobbles at 2.5' bgs
drill to 15'  as above

grades to dkbrown fine sand and silt, trace of clay and organics.
Heavy sheen and odor saturated above silt layer
Strong odor, heavy sheen
Soil sample 15.5 - 16.5 (231835)

Product in sample to 18'bgs.

Grades to med sand trace of fine sand gray/brown, moist
Strong odor heavy sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.51 ft MLLW on 7/17/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

28.6 ft MLLW

6/23/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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14:45

231836 24"

Drill to 23
as above  saturated at 25' gas like odor
Strong odor slight sheen
soil sample 24 - 25 (231836)

Drill to 35' as above saturated

Well point 32.5' - 32
Screen 32 - 22
Sand 32 - 19'6" 10/20 silica
Bentonite 19'6" - 12.5' holeplug
Grout to surface
2.8' stickup
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231833

16"

18"

handcore to 5'
brown med sand trace of fine sand, moist, no odor. Cobbles at
2.5'bgs  becomes brown/gray at 3'bgs

drill to 15'bgs.
15 - 17 as above sat at tip
Slight odor no sheen

grades to dk brown fine sand and silt trace of clay and organics.
Moist
soil sample 18 - 19 (231833)
No odor no sheen
grades to fine and med sand, brown, no organics. moist
Slight odor no sheen
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Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.15 ft MLLW on 7/17/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

29.3 ft MLLW

6/23/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 35 feet bgs

Borehole
Backfill
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Drill to 25'
med and fine sand, saturated at 26' bgs strong gas like odor
Strong odor sheen present
Soil sample 25 - 26 (231834)

heaving sands
Drill to 35…as above saturated

Well point 33 - 32.5
Screen 32.5 - 22
Sand 32.5 - 19'
Bentonite 19 - 13
Grout to surface
2.5' stickup
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Handcore to 5'
coarse gravel, gray, dry
med sand, brown, moist, trace of fine sand

(large boulder @ 8'bgs)
No odor no sheen

wood present at 10.5' bgs
Slight odor no sheen

moist
No odor no sheen

No odor no sheen

grades to dk brown fine sand, silt trace of clay and organics.
moist
Strong odor no sheen
Soil sample from 15.5 - 16 (231796)

grades back to med sand brown, trace of fine sand, moist
Slight odor no sheen

Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.9 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.9 ft MLLW

6/12/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 29.5 feet bgs

Borehole
Backfill
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21 ft

24"
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12"

saturated at 21.5'bgs
No odor no sheen
Sample from 21 - 21.5 (231797)

heaving in augers no sample

heaving in augers no sample
as above more fine sand heaving in augers
no odor no sheen

install screen
28.5 - 28 drive point tip
28 - 18' screen
sand 28 - 16'2"  10/20 silica sand
bentonite 16'2" - 9' (chips) hydrated with 5 gallons of water
grout to surface.
3.3'stickup
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Handcore to 5'
coarse gravel, gray, dry
med sand, brown, moist, trace of fine sand

(large boulder @ 8'bgs)
No odor no sheen

wood present at 10.5' bgs
Slight odor no sheen

moist
No odor no sheen

No odor no sheen

grades to dk brown fine sand, silt trace of clay and organics.
moist
Strong odor no sheen
Soil sample from 15.5 - 16 (231796)

grades back to med sand brown, trace of fine sand, moist
Slight odor no sheen

Slight odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.9 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.9 ft MLLW

6/12/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 29.5 feet bgs

Borehole
Backfill
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21 ft

24"

24"

12"

saturated at 21.5'bgs
No odor no sheen
Sample from 21 - 21.5 (231797)

heaving in augers no sample

heaving in augers no sample
as above more fine sand heaving in augers
no odor no sheen

install screen
28.5 - 28 drive point tip
28 - 18' screen
sand 28 - 16'2"  10/20 silica sand
bentonite 16'2" - 9' (chips) hydrated with 5 gallons of water
grout to surface.
3.3'stickup
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231813

231814

24"

22"

14"

24"

24"

Handcore to 5'
brown med sand trace of fine sand, moist, no odor
drill to 10'bgs as above

grades to dk brown fine sand and silt trace of clay and organics,
moist to wet.  No odor
No odor no sheen
Sample from 12 - 13 (231813)

No odor no sheen

grades back to med sand brown trace of fine sand moist to wet
No odor no sheen

saturated at 20'bgs
No odor no sheen
Sample from 19 - 20 (231814)
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 4.57 ft MLLW on 7/17/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

26.5 ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 30 feet bgs

Borehole
Backfill
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saturated
No odor no sheen

cobbles at 26'bgs
No odor no sheen

heaving
drill to 30'

Well point 27.5 - 27
Screen 27 - 17
Sand 27 - 16' 10/20 silica
Bentonite 16 - 11 holeplug
Grount to surface
2.2' stickup
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231806

24"

24"

18"

hand core to 3'  drill auger to 5'bgs
2" asphalt
2" gray gravel, dk brown med sand moist
drill to 9' as above

see GP303-34 for geology

as above wet at 11' bgs
No odor no sheen

saturated at 12'bgs
No odor no sheen
Sample 11' - 12' bgs (231806)

Drill to 18'bgs
as above more fine sand present
No odor no sheen

Well tip 19.5 - 19
Screen 19 - 9
Sand 19 - 8 10/20 silica
Bentonite 8 - 1'bgs
Flush mount casing
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.66 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

16.1 ft MLLW

6/16/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 20 feet bgs

Borehole
Backfill
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13 ft

1.0

1.1

1.2

12:50

13:25

13:45

13:55

231807

231808

22"

24"

24"

Handcore to 5' bgs
Brown gray med sand moist
Drill to 7'bgs

see GP303-35 for geology

Grades to dk brown fine sand and silt trace of clay and organics
moist…to 8.5.
No odor no sheen
Sample 7.5- 8 (231807)

grades to med sand brown trace of fine sand wet.

as above saturated at 10'bgs
no odor no sheen
sample from 9.5 - 10' (231808)

drill to 17'
as above saturated more fine sand cobble in tip of spoon
No odor no sheen
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CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.89 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

16.4 ft MLLW

6/16/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 21 feet bgs

Borehole
Backfill
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Drill to 21 due to heaving

Well tip 19.5' - 19
Screen 19 - 9
Sand 19 - 8 10/20 silica
Bentonite 8' - 2' holeplug
2.5' stickup
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16:00

16:20

231809 24"

24"

Handcore to 5'
Brown med sand trace of fine sand, moist. No odor

see GP303-36 for geology

as above saturated at 10.5'bgs
No odor no sheen
Sample 9.5 - 10.5 (231809)

Drill to 17'bgs
as above saturated
No odor no sheen
Well tip 18.5 - 18
Screen 18 - 8
Sand 18 - 7 10/20 silica
Bentonite 7 - 2' holeplug
2.2 feet of stickup

W
el

l
C

om
pl

et
io

n
S

ch
em

at
ic

W
el

l
C

om
pl

et
io

n
S

ch
em

at
ic

SAMPLES

D
ow

nh
ol

e
D

ep
th

, f
ee

t
Ty

peE
le

va
tio

n,
fe

et

U
S

C
S

B
lo

w
s/

 6
in

.

REMARKS AND
WELL DETAILS

O
V

M
 (p

pm
)

MATERIAL  DESCRIPTION

N
um

be
r

R
ec

ov
er

y 
(%

)

G
ra

ph
ic

 L
og

Hammer
Data3" x 2' D&M sampler

CME 55

Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 3.54 ft MLLW on 7/18/06

Total Depth
of Borehole
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Size/Type
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Location Area 303

14.4 ft MLLW

6/16/06 TMMLogged By

Ground Surface
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Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 19 feet bgs

Borehole
Backfill
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231823

24"

24"
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24"
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24"

handcore to 5'
grass underlain by med sand brown trace of fine sand cobbles at
4'bgs

grades to tan brown color
No odor no sheen

No odor no sheen

saturated at 10'bgs
No odor no sheen
Soil sample from 9- 10 ft (231823)

No odor no sheen

occasional cobble
No odor no sheen

more fine sand trace of silt
No odor no sheen

Drill to 20'

Well point 17.5' - 17
Screen 17 - 7
Sand 17 - 4' 10/20 silica
Bentonite 4 - 1 holeplug
1.8' stickup
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Denali Drilling, Anchorage, AK4.25" ID Hollow Stem Auger

Groundwater Level 2.9 ft MLLW on 7/18/06

Total Depth
of Borehole

Date(s)
Drilled

Drill Bit
Size/Type

Checked By

Location Area 303

12.9 ft ft MLLW

6/19/06 TMMLogged By

Ground Surface
Elevation

Drilling
Contractor

Drill Rig
Type

Sampling
Method

Drilling
Method 20 feet bgs

Borehole
Backfill
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APPENDIX B 

Survey Information for New Wells 
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Survey Data for New Wells at Area 303, 
Premier Land Surveying 

 

Well ID Northing Easting 

Top of Casing 
Elevation 

(ft above MLLW) 

Top of Steel 
Protective Casing 

Elevation 
(ft above MLLW) 

Ground 
Elevation 

(ft above MLLW) 

MW-303-22 317342.79 3135859.65 33.07 33.32 30.04 
MW-303-23 317471.75 3135910.36 29.60 NA 29.85 
MW-303-24 317720.79 3135845.01 32.86 33.97 30.95 
MW-303-25 317934.40 3135925.95 29.31 29.75 26.29 
MW-303-26 318019.78 3135831.76 29.17 29.60 26.72 
MW-303-27 317666.27 3135589.97 32.80 33.05 29.69 
MW-303-28 317514.34 3135481.71 32.83 33.45 29.98 
MW-303-29 317495.65 3135331.89 30.98 31.53 28.73 
MW-303-30 317480.85 3135119.72 31.20 31.49 28.57 
MW-303-31 317632.49 3135355.29 31.82 32.12 29.27 
MW-303-32 317998.27 3135649.12 29.16 29.69 26.06 
MW-303-33 318115.13 3135541.36 29.53 29.90 26.51 
MW-303-34 318036.92 3135185.62 15.75 NA 16.13 
MW-303-35 317849.29 3135260.81 19.20 19.48 16.36 
MW-303-36 317609.43 3135121.94 17.09 17.83 14.44 
MW-303-37 317480.86 3134925.02 16.23 16.93 12.94 

 
Notes:   
The coordinates are in NAD 83, Zone 10. 
ft - feet 
MLLW - mean lower low water 



APPENDIX C 

Deviations from Project Plan 









APPENDIX D 

Data Usability Assessment and Laboratory Data Review Checklist 
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ANALYTICAL METHODS, DATA QUALITY OBJECTIVES 
ASSESSMENT, AND DEVIATIONS 

ANALYTICAL METHODS 

Soil and groundwater samples were submitted under chain-of-custody documentation to 
TestAmerica-Seattle (TA) located in Bothell, Washington, for one or more of the following 
analyses: 

 Gasoline-range organics (GRO) using Alaska Method AK101.0 (Alaska DEC 
2002) 

 Diesel-range organics (DRO) using Alaska Method AK102.0 (Alaska DEC 2002) 

 Residual-range organics (RRO) using Alaska AK103.0 (Alaska DEC 2002) 

 GRO aliphatic/aromatic fractions using Volatile Petroleum Hydrocarbon (VPH) 
method (Washington State Department of Ecology) 

 DRO aliphatic/aromatic fractions using Extractible Petroleum Hydrocarbon 
(EPH) method (Washington State Department of Ecology) 

 Benzene, toluene, ethylbenzene, and total xylenes (BTEX), trimethylbenzene, 
ethylene dibromide (EDB), and 1,2-dichloroethane using U.S. Environmental 
Protection Agency (EPA) Method 8260B (USEPA 2005) 

 Polycyclic aromatic hydrocarbons (PAHs) using EPA Method 8270C modified 
for selected ion monitoring (SIM) (USEPA 1996) 

 Total and/or dissolved lead using EPA Method 6020 (USEPA 2005) 

 Alkalinity using EPA Method 310.1 or SM 2320B (USEPA 1983) 

 Sulfate using EPA Method 300.0 (USEPA 1983) 

 Dissolved Methane using Analytical Performance Method RSK 175 

Samples were subcontracted by TA to Air Toxics, Ltd. (ATL), located in Folsom, California, for 
dissolved methane analysis. 
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Groundwater samples were submitted under chain-of-custody documentation to Analytical 
Resources, Inc., (ARI) located in Tukwila, Washington, for the following analyses: 

 GRO using Alaska Method AK101.0 (Alaska DEC 2002) 

 BTEX and trimethylbenzenes using Method AK101.0 (Alaska DEC 2002) and 
EPA Method 8021B-modified 

 DRO using Alaska Method AK102.0 (Alaska DEC 2002) 

Groundwater samples submitted to ARI were used for construction management purposes only 
and will not be discussed in this report. 

QUALITY ASSURANCE AND ANALYTICAL METHODS 

Quality assurance objectives specified in the quality assurance project plan (QAPP) for soil and 
groundwater sampling at Area 303 consisted of the following: 

 Implementing standard operating procedures for field sampling, sample custody, 
equipment operation and calibration, laboratory sample analysis, data reduction, 
and data reporting that ensure the consistency, representativeness, and 
thoroughness of data generation. 

 Assessing the quality of data generated to ensure that all data are scientifically 
valid, of known and documented quality, and legally defensible.  This is 
accomplished by establishing data quality objectives (DQOs) for precision, 
accuracy, completeness, representativeness, and comparability and by testing 
generated data against acceptance criteria for these parameters. 

 Achieving an acceptable level of confidence in the decisions that are made from 
the generated data by controlling the degree of total error permitted in the data 
using quality control checks.  Data that fail the quality control checks or do not 
fall within the acceptance criteria established were rejected from further use or 
qualified for limited use. 

Specific DQOs have been established for each of the five data assessment parameters:  precision, 
bias (accuracy), representativeness, completeness, and comparability.  DQO requirements for the 
2006 assessment activities are presented in the QAPP (URS 2006). 
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Field quality control (QC) samples were collected in accordance with the sampling and analysis 
plan (SAP) to ensure that sample collection, handling and transport, and equipment 
decontamination procedures were adequately performed.  The types of field QC samples 
collected included trip blanks, equipment blanks, field duplicates (or replicates), and temperature 
blanks. 

To ensure that the DQOs established in the project plans were achieved, the analytical criteria to 
be used for data generation by laboratory analysis were clearly identified.  Analytical methods 
for sample analyses were selected on the basis of the required reporting limits, known 
contaminants in the study area, analytical method limitations, and range of analytes to be 
determined.  Data validation reports and summary data packages for soils and groundwaters are 
provided on the compact disk attached to the back cover of this document.  Soil and groundwater 
analytical results are summarized in Appendices E and F, respectively. 

Sample analysis was performed by TA, in Bothell, Washington, ATL, in Folsom, California, and 
ARI, in Tukwila Washington.  The analytical laboratories have established laboratory QA plans 
and have successfully completed the Navy evaluation process through the Naval Facilities 
Engineering Service Center. 

Laboratory QC samples were analyzed in accordance with the QAPP and the laboratory’s 
internal quality assurance manual.  The types of QC samples evaluated included matrix 
spike/matrix spike duplicates (MS/MSDs), laboratory control samples (blank spikes), laboratory 
duplicates, method blanks, and surrogate spikes. 

DATA QUALITY OBJECTIVES ASSESSMENT 

This section summarizes compliance with DQOs specified in the QAPP (URS 2006).  An 
evaluation of compliance with the DQOs specified in the QAPP is accomplished by assessing the 
precision, bias, and completeness of the field effort, and the representativeness and comparability 
of the data.  Based on validation of the data, all analytical results for soils and groundwaters were 
considered usable for project objectives.  Specific DQO discussions will be provided in the 
following subsections. 

Precision 

Precision is defined as the degree of agreement between or among independent, similar, or 
repeated measures.  Precision is expressed in terms of analytical variability.  For this 
investigation, analytical variability was measured as the relative percent difference (RPD) or 
coefficient of variation between analytical laboratory duplicates and between the matrix spike 
and matrix spike duplicate analyses. 
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Precision was calculated as the RPD as follows: 

  2/DS
DS

100(%)RPD



  

where: 

S = Analyte concentration in a sample 
D = Analyte concentration in a duplicate sample 
 
Precision was assessed during the independent QC check and data validation.  QC checks were 
performed on approximately 90 percent of the analytical measurements as described in the 
QAPP.  Approximately 10 percent of the analytical measurements were subjected to full data 
validation.  Data validation reports are included on the CD attached to the back cover of this 
document. 

RPDs for environmental samples and field duplicate samples were also used to evaluate the 
precision of the field sampling program.  RPDs were calculated only for those analyte pairs 
(primary and duplicate) for which there were detected results.  If one or both of the analyte pair 
results were qualified as not detected (U), then an RPD was not calculated for that particular 
analyte.  Parent sample and field duplicate RPDs are presented in Table D-1. 

The RPDs for several analytes exceeded the control limit specified in the QAPP (50%); however, 
in all cases, the reported results were less than four times (4x) the reporting limits.  No data were 
qualified based on precision.   

Bias 

Bias (also referred to as accuracy) is a measure of the difference between the analytical results 
for a parameter and the true value that are the result of systematic errors.  Potential sources of 
systematic errors include sample collection, physical/chemical instability of samples, 
interference effects, calibration of the measurement system, and artificial contamination.  Bias is 
expressed as the percent recovery of the surrogate or spike analyte from a sample or standard.  
This is expressed as the percent recovery of an analyte such as a surrogate, blank spike, or matrix 
spike.  The analytical methods require that samples be reanalyzed when recoveries are outside 
acceptable ranges.  Reanalysis substantiates matrix interference or identifies any surrogate 
problems that would alter the usability of the data.  The sample surrogate and matrix spike 
recoveries were calculated by the laboratory and reported on standard forms for comparison.  
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The closer the value is to 100 percent, the more accurate the data.  Percent recovery was 
calculated as follows: 

100 x 
SC
MC = (%)Recovery  

 
where: 
 
MC = measured concentration 
SC = spiked concentration 
 
One or more sample results were qualified as estimated (J or UJ) based on surrogate recoveries, 
internal standard area counts, and/or spike recoveries.  The qualified results do not affect the use 
of the data for project objectives. 

Representativeness 

Representativeness is a qualitative parameter that expresses the degree to which sample data 
accurately and precisely represent a characteristic of a population, parameter variations at a 
sampling point, or an environmental condition.  The sampling program was designed to collect 
samples representative of the environmental conditions at the site.  Representativeness is 
evaluated, in part, by examining the chain-of-custody paperwork and verifying that the sample 
analyses were performed within the holding time. 

Representativeness of data generated for this project was evaluated by a 10 percent Level 4 
validation and a 90 percent Level 3 validation.  Data validation reports are provided on the CD 
attached to the back cover of this document.  Method blank and field blank data were also 
examined during the data validation.   

All samples were maintained under strict chain-of-custody procedures.  Cooler temperatures 
were maintained within acceptable ranges and sample jars were received by the laboratory intact.  
The results for 2-methylnaphthalene and naphthalene in groundwater sample 03-107 were 
qualified as estimated based on holding time exceedance; however, the exceedance was minimal 
and the impact on data quality is considered insignificant.  The qualified results do not affect the 
use of the data for project objectives. 

Completeness 

Completeness is a measure of the number of valid measurements obtained in relation to the total 
number of measurements planned.  The closer the numbers are, the more complete the 
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measurement process.  Completeness is expressed as the percentage of planned measurements 
that are valid.  Completeness is influenced by environmental conditions, potential for change 
with respect to time and location, equipment maintenance, data records, sampling location, 
sample volume, QC samples, and sample representativeness.  In general, completeness greater 
than 95 percent will fulfill the quality assurance objectives. 

Completeness for the spring 2006 assessment activities is 100 percent.  Multiple results for 
several analytes were reported due to reanalysis or dilution.  The most appropriate result was 
carried through the process for data evaluation; therefore, the remaining (unused) results for 
these analytes were rejected.  In all cases the rejected data were not indicative of poor or 
unreliable data quality. 

Comparability 

Comparability is a qualitative parameter expressing the confidence with which one data set can 
be compared to another.  The comparability goal is achieved through the use of standard 
operating procedures to collect and analyze representative samples and by reporting analytical 
results in appropriate and consistent units and reporting limits.  The goal was also achieved by 
maintaining consistency in sampling conditions, selection of sampling procedures, sample 
preservation methods, and analytical methods. 

Samples were analyzed in accordance with methods specified in the QAPP (URS 2006).  In 
several samples, the reporting limits for one or more analytes were elevated above the reporting 
limits specified in the QAPP.  The elevated reporting limits do not affect the use of the data for 
project objectives. 
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Table D-1 
Relative Percent Differences for Field Duplicates

 

Location ID Matrix 
Analytical 
Method Parameter 

ES Analysis 
Value 

FD Analysis 
Value Unit 

RPD
(%) 

MW-303-26 (16-17 feet bgs) Soil AK 101.0 Gasoline-Range TPH 53.5 J 46.7 J mg/kg 13.6 
MW-303-26 (16-17 feet bgs) Soil AK 102.0 Diesel-Range TPH 26.2 32.3 mg/kg 20.9 
MW-303-26 (16-17 feet bgs) Soil AK 103.0 Residual-Range TPH 369 463 mg/kg 22.6 
MW-303-26 (16-17 feet bgs) Soil EPA 8260B Benzene 0.366 0.555 mg/kg 41.0 
MW-303-26 (16-17 feet bgs) Soil EPA 8260B Ethylbenzene 0.258 U 0.348 mg/kg NC 
MW-303-26 (16-17 feet bgs) Soil EPA 8260B Xylenes 12.1 16 mg/kg 27.8 
MW-303-26 (16-17 feet bgs) Soil EPA 8260B 1,2,4-Trimethylbenzene 0.797 0.909 mg/kg 13.1 
MW-303-26 (16-17 feet bgs) Soil EPA 8260B 1,3,5-Trimethylbenzene 0.361 0.404 mg/kg 11.2 
MW-303-26 (16-17 feet bgs) Soil EPA 6000/7000 Lead, Total 2.21 2.53 mg/kg 13.5 
MW-303-29 (25-26 feet bgs) Soil AK 101.0 Gasoline-Range TPH 106 J 65.2 J mg/kg 47.7 
MW-303-29 (25-26 feet bgs) Soil AK 102.0 Diesel-Range TPH 52.4 5.29 U mg/kg NC 
MW-303-29 (25-26 feet bgs) Soil AK 103.0 Residual-Range TPH 84.3 33 U mg/kg NC 
MW-303-29 (25-26 feet bgs) Soil EPA 8260B Ethylbenzene 2.78 2.37 mg/kg 15.9 
MW-303-29 (25-26 feet bgs) Soil EPA 8260B Toluene 7.04 6.62 mg/kg 6.1 
MW-303-29 (25-26 feet bgs) Soil EPA 8260B Xylenes 6.88 5.91 mg/kg 15.2 
MW-303-29 (25-26 feet bgs) Soil EPA 8260B 1,2,4-Trimethylbenzene 0.49 0.446 mg/kg 9.4 
MW-303-29 (25-26 feet bgs) Soil EPA 8260B 1,3,5-Trimethylbenzene 0.29 0.181 mg/kg 46.3 
MW-303-29 (25-26 feet bgs) Soil EPA 6000/7000 Lead, Total 1.68 J 1.14 J mg/kg 38.3 
MW-303-30 (24-25 feet bgs) Soil AK 101.0 Gasoline-Range TPH 2,700 J 1,370 J mg/kg 65.4 
MW-303-30 (24-25 feet bgs) Soil AK 102.0 Diesel-Range TPH 1,000 918 mg/kg 8.6 
MW-303-30 (24-25 feet bgs) Soil NWTPH-VPH C6-C8 Aliphatics 1,770 J 687 J mg/kg 88.2 
MW-303-30 (24-25 feet bgs) Soil NWTPH-VPH C8-C10 Aliphatics 807 J 371 J mg/kg 74.0 
MW-303-30 (24-25 feet bgs) Soil NWTPH-VPH C10-C12 Aliphatics 390 J 288 J mg/kg 30.1 
MW-303-30 (24-25 feet bgs) Soil NWTPH-VPH C8-C10 Aromatics 382 J 219 J mg/kg 54.2 
MW-303-30 (24-25 feet bgs) Soil NWTPH-VPH C10-C12 Aromatics 189 J 168 J mg/kg 11.8 
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Table D-1 (Continued) 
Relative Percent Differences for Field Duplicates 

 

Location ID Matrix 
Analytical 
Method Parameter 

ES Analysis 
Value 

FD Analysis 
Value Unit 

RPD
(%) 

MW-303-30 (24-25 feet bgs) Soil NWTPH-VPH Total VPH 3,730 J 1,870 J mg/kg 66.4 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C8-C10 Aliphatics 848 483 mg/kg 54.8 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C10-C12 Aliphatics 289 291 mg/kg 0.7 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C12-C16 Aliphatics 365 370 mg/kg 1.4 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C16-C21 Aliphatics 173 174 mg/kg 0.6 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C21-C34 Aliphatics 18.4 23.9 mg/kg 26.0 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C10-C12 Aromatics 10.8 18 mg/kg 50.0 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C12-C16 Aromatics 29.6 39.6 mg/kg 28.9 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH C16-C21 Aromatics 48.5 52.6 mg/kg 8.1 
MW-303-30 (24-25 feet bgs) Soil NWTPH-EPH Total EPH 1,780 1,450 mg/kg 20.4 
MW-303-30 (24-25 feet bgs) Soil EPA 8260B Ethylbenzene 57.1 21 mg/kg 92.4 
MW-303-30 (24-25 feet bgs) Soil EPA 8260B Toluene 3.36 1.01 mg/kg 107.6 
MW-303-30 (24-25 feet bgs) Soil EPA 8260B Xylenes 93.9 33.5 mg/kg 94.8 
MW-303-30 (24-25 feet bgs) Soil EPA 8260B 1,2,4-Trimethylbenzene 30.4 12.1 mg/kg 86.1 
MW-303-30 (24-25 feet bgs) Soil EPA 8260B 1,3,5-Trimethylbenzene 27.6 9.64 mg/kg 96.5 
MW-303-30 (24-25 feet bgs) Soil EPA 8270C Fluoranthene 0.0122 U 0.0139 mg/kg NC 
MW-303-30 (24-25 feet bgs) Soil EPA 8270C Fluorene 0.0122 U 0.247 mg/kg NC 
MW-303-30 (24-25 feet bgs) Soil EPA 8270C 2-Methylnaphthalene 0.969 0.153 mg/kg 145.5 
MW-303-30 (24-25 feet bgs) Soil EPA 8270C Naphthalene 0.148 0.102 mg/kg 36.8 
MW-303-30 (24-25 feet bgs) Soil EPA 8270C Phenanthrene 0.269 0.157 mg/kg 52.6 
MW-303-30 (24-25 feet bgs) Soil EPA 8270C Pyrene 0.0313 J 0.0303 J mg/kg 3.2 
MW-303-30 (24-25 feet bgs) Soil EPA 6000/7000 Lead, Total 17 J 12.5 J mg/kg 30.5 
04-210 Groundwater AK 101.0 Gasoline-Range TPH 8,090 7,260 ug/l 10.8 
04-210 Groundwater AK 102.0 Diesel-Range TPH 253 294 ug/l 15.0 
04-210 Groundwater EPA 8260B Benzene 3.49 J 3.43 J ug/l 1.7 
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Table D-1 (Continued) 
Relative Percent Differences for Field Duplicates 

 

Location ID Matrix 
Analytical 
Method Parameter 

ES Analysis 
Value 

FD Analysis 
Value Unit 

RPD
(%) 

04-210 Groundwater EPA 8260B Ethylbenzene 97.2 94.5 ug/l 2.8 
04-210 Groundwater EPA 8260B Toluene 6.31 J 6.33 J ug/l 0.3 
04-210 Groundwater EPA 8260B Xylenes 280 269 ug/l 4.0 
04-210 Groundwater EPA 8260B 1,2,4-Trimethylbenzene 68.4 66.3 ug/l 3.1 
04-210 Groundwater EPA 8260B 1,3,5-Trimethylbenzene 23.1 J 20 J ug/l 14.4 
04-210 Groundwater EPA 8270C Acenaphthene 0.208 J 0.196 J ug/l 5.9 
04-210 Groundwater EPA 8270C Fluorene 0.366 J 0.35 J ug/l 4.5 
04-210 Groundwater EPA 8270C 2-Methylnaphthalene 3.17 J 2.85 J ug/l 10.6 
04-210 Groundwater EPA 8270C Naphthalene 9.65 J 8.57 J ug/l 11.9 
04-210 Groundwater EPA 8270C Phenanthrene 0.49 J 0.491 J ug/l 0.2 
04-210 Groundwater EPA 6000/7000 Lead, Total 3.47 3.72 ug/l 7.0 
04-210 Groundwater EPA 6000/7000 Lead, Dissolved 3.27 3.59 ug/l 9.3 
04-210 Groundwater SM2320B Total Alkalinity 58.4 56.2 mg/l 3.8 
04-210 Groundwater RSK-175 Methane 3,600 4,300 ug/l 17.7 
MRP-MW2 Groundwater AK 101.0 Gasoline-Range TPH 5,660 J 6,210 J ug/l 9.3 
MRP-MW2 Groundwater AK 102.0 Diesel-Range TPH 428 399 ug/l 7.0 
MRP-MW2 Groundwater EPA 8260B Benzene 40.5 43.4 ug/l 6.9 
MRP-MW2 Groundwater EPA 8260B Ethylbenzene 128 142 ug/l 10.4 
MRP-MW2 Groundwater EPA 8260B Toluene 3.38 3.69 ug/l 8.8 
MRP-MW2 Groundwater EPA 8260B Xylenes 1100 1190 ug/l 7.9 
MRP-MW2 Groundwater EPA 8260B 1,2,4-Trimethylbenzene 56.1 60.9 ug/l 8.2 
MRP-MW2 Groundwater EPA 8260B 1,3,5-Trimethylbenzene 36.7 40.8 ug/l 10.6 
MRP-MW2 Groundwater EPA 8270C Fluorene 0.109 0.103 ug/l 5.7 
MRP-MW2 Groundwater EPA 8270C 2-Methylnaphthalene 0.16 0.164 ug/l 2.5 
MRP-MW2 Groundwater EPA 8270C Naphthalene 1.04 1 ug/l 3.9 
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Table D-1 (Continued) 
Relative Percent Differences for Field Duplicates 

 

Location ID Matrix 
Analytical 
Method Parameter 

ES Analysis 
Value 

FD Analysis 
Value Unit 

RPD
(%) 

MRP-MW2 Groundwater EPA 8270C Phenanthrene 0.158 0.156 ug/l 1.3 
MRP-MW2 Groundwater EPA 6000/7000 Lead, Total 1.91 2.15 ug/l 11.8 
MRP-MW2 Groundwater EPA 6000/7000 Lead, Dissolved 1.73 1.65 ug/l 4.7 
MRP-MW2 Groundwater SM2320B Total Alkalinity 121 122 mg/l 0.8 
MRP-MW2 Groundwater EPA 300.0 Sulfate 778 870 ug/l 11.2 
MW-303-30 Groundwater AK 101.0 Gasoline-Range TPH 30,100 J 36,600 J ug/l 19.5 
MW-303-30 Groundwater AK 102.0 Diesel-Range TPH 813 675 ug/l 18.5 
MW-303-30 Groundwater NWTPH-VPH C5-C6 Aliphatics 1,620 J 2,190 J ug/l 39.9 
MW-303-30 Groundwater NWTPH-VPH C6-C8 Aliphatics 4,230 J 5,350 J ug/l 23.4 
MW-303-30 Groundwater NWTPH-VPH C8-C10 Aliphatics 2,000 J 2,260 J ug/l 12.2 
MW-303-30 Groundwater NWTPH-VPH C8-C10 Aromatics 6,500 J 7,250 J ug/l 10.9 
MW-303-30 Groundwater NWTPH-VPH Total VPH 16,800 J 19,700 J ug/l 15.9 
MW-303-30 Groundwater EPA 8260B Benzene 1.02 J 1.00 U ug/l NC 
MW-303-30 Groundwater EPA 8260B Ethylbenzene 1,790 1,630 ug/l 9.4 
MW-303-30 Groundwater EPA 8260B Toluene 1,800 1,630 ug/l 9.9 
MW-303-30 Groundwater EPA 8260B Xylenes 3,940 3,620 ug/l 8.5 
MW-303-30 Groundwater EPA 8260B 1,2,4-Trimethylbenzene 168 156 ug/l 7.4 
MW-303-30 Groundwater EPA 8260B 1,3,5-Trimethylbenzene 76.4 68 ug/l 11.6 
MW-303-30 Groundwater EPA 8270C Acenaphthene 0.174 0.28 ug/l 46.7 
MW-303-30 Groundwater EPA 8270C Dibenz(a,h)anthracene 0.368 0.35 ug/l 5.0 
MW-303-30 Groundwater EPA 8270C Fluorene 0.758 0.938 ug/l 21.2 
MW-303-30 Groundwater EPA 8270C 2-Methylnaphthalene 3.44 6.38 ug/l 59.9 
MW-303-30 Groundwater EPA 8270C Naphthalene 3.22 5.55 ug/l 53.1 
MW-303-30 Groundwater EPA 8270C Phenanthrene 0.192 0.276 ug/l 35.9 
MW-303-30 Groundwater EPA 6000/7000 Lead, Total 77.6 75 ug/l 3.4 
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Table D-1 (Continued) 
Relative Percent Differences for Field Duplicates 

 

Location ID Matrix 
Analytical 
Method Parameter 

ES Analysis 
Value 

FD Analysis 
Value Unit 

RPD
(%) 

MW-303-30 Groundwater EPA 6000/7000 Lead, Dissolved 56.1 56.1 ug/l 0.0 
MW-303-30 Groundwater SM2320B Total Alkalinity 114 46.2 mg/l 84.6 
MW-303-30 Groundwater SM2320B Bicarbonate Alkalinity 114 46.2 mg/l 84.6 
MW-303-30 Groundwater EPA 300.0 Sulfate 35,300 33,700 ug/l 4.6 
MW-303-30 Groundwater RSK-175 Methane 160 150 ug/l 6.5 

 
Notes: 
AK - Alaska 
bgs - below ground surface 
EPA - U.S. Environmental Protection Agency 
EPH - extractable petroleum hydrocarbons 
ES - environmental sample 
FD - field duplicate 
GW - Groundwater 
J - Associated value is an estimate. 
µg/L - microgram per liter 
NC - not calculable 
% - percent 
RPD - relative percent difference 
SM - standard method 
TPH - total petroleum hydrocarbons 
U - analyte not detected at specified reporting limit 
VPH - volatile petroleum hydrocarbons 
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Soil Data Summaries 



























































































APPENDIX F 

Groundwater Data Summaries 

















































































































































































































































APPENDIX G 

Contaminant Fate and Transport Modeling 
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ABBREVIATIONS AND ACRONYMS

AFCEE Air Force Center for Environmental Excellence 
AVGAS aviation gasoline 
BTEX benzene, toluene, ethylbenzene, and total xylenes 
cm/s centimeter per second 
DEC Department of Environmental Conservation (State of Alaska) 
FFS focused feasibility study 
foc fraction organic carbon 
GRO gasoline-range organics 
JP-5 jet petroleum No. 5 
kg/L kilogram per liter 
Koc organic carbon partition coefficient 
mg/L milligram per liter 
NAPL nonaqueous-phase liquid 
URS URS Group, Inc. (also URS Consultants, Inc.) 
URSG URS Greiner, Inc. (formerly URS Consultants, Inc.) 
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 BIOSCREEN MODEL 

This appendix presents results of fate and transport modeling for gasoline-range organics (GRO) 
and benzene at Area 303 using the BIOSCREEN Natural Attenuation Decision Support System 
Version 1.4 (USEPA 1996 and Newell et al. 1997).  Modeling for Area 303 focused on the area 
between Eagle Bay Housing, the air terminal, and the East Canal of the runway ditch system.  
The benzene plume to the north of the GCI Compound (see Figure 4-8 of the focused feasibility 
study [FFS] report) was modeled in the FFS report for SWMU 62 (URS 2005).  The DRO 
contaminant plumes from the Sandy Cove housing units and the Eagle Bay Housing units also 
were evaluated in the same report. 

Modeling was conducted for GRO and benzene, which have been detected in groundwater 
samples collected from the site at concentrations exceeding the Alaska Department of 
Environmental Conservation (DEC) groundwater cleanup criteria for groundwater used as a 
drinking water source (1.3 mg/L for GRO and 0.005 mg/L for benzene).  This modeling effort 
was conducted for the main aquifer beneath the site and does not include the perched 
groundwater zone or contaminants detected in that zone.  It is assumed that the perched zone is 
laterally discontinuous and does not extend to the East Canal.  The discussion presented in this 
appendix includes a brief description of the BIOSCREEN model, a summary of the limitations of 
the model, description of the input parameters used during the simulations, and the model output 
(Attachment G-1).  Specific parameters used in the models are summarized in Table 1. 

MODEL DESCRIPTION 

BIOSCREEN is a screening model that simulates remediation through natural attenuation of 
dissolved hydrocarbons at petroleum fuel release sites.  The software is used within the 
Microsoft Excel spreadsheet environment and is based on the Domenico analytical solute 
transport model.  The model is designed to simulate biodegradation by both aerobic and 
anaerobic reactions.  It was developed for the Air Force Center for Environmental Excellence 
(AFCEE) Technology Transfer Division at Brooks Air Force Base by Groundwater Services, 
Inc., Houston, Texas. 

This model has the ability to simulate advection, dispersion, adsorption, and aerobic decay as 
well as anaerobic reactions.  BIOSCREEN can model in three different ways:  (1) solute 
transport without decay, (2) solute transport with biodegradation modeled as a first-order decay 
process, and (3) solute transport with biodegradation modeled as an instantaneous biodegradation 
reaction. 
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ASSUMPTIONS AND LIMITATIONS 

Because of the absence of specific data regarding the release, such as the volume, year, and 
concentrations, the following assumptions were made: 

 The release occurred along the aviation gasoline (AVGAS) pipeline near location 
GP-303-23. 

 The release occurred in 1994 when the pipeline was apparently closed. 

 The GRO and benzene plumes modeled are from one source. 

 Groundwater has not always flowed west, resulting in the curved centerline for 
the plume (see Figure 4-6 of the FFS report). 

 The degradation rate of the source is calculated by the model. 

 Initial contaminant concentrations and volume of the release are estimated. 

The ability of the model to accurately reflect expected conditions in the future is limited by these 
assumptions. 

The simulations for Area 303 could not be calibrated because there are no analytical results from 
the same location within the plume that were sampled multiple times.  Therefore, historical 
concentrations cannot be compared for calibration purposes.  In addition, the GRO plume from 
the GCI Compound overlaps with the northern portion of the Area 303 plume, and more than one 
release location have resulted in overlapping plumes. 

BIOSCREEN has several limitations.  The most important of these are the following: 

 BIOSCREEN is an analytical model and assumes simple groundwater flow 
conditions. 

 BIOSCREEN is a screening tool and only approximates complicated natural 
processes. 

 BIOSCREEN’s instantaneous reaction model matches more sophisticated 
biodegradation models like BIOPLUME II for readily biodegradable 
contaminants with retardation factors up to 6.0.  Contaminants that are considered 
readily biodegradable include benzene, toluene, ethylbenzene, and total xylenes 
(BTEX).  The instantaneous reaction assumption at sites with retardation factors 
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greater than 6.0 should be performed with caution and verified with a more 
sophisticated model. 

 The instantaneous reaction model type uses utilization factors for BTEX and must 
be adjusted when other constituents are modeled. 

MODEL INPUT 

Descriptions of the input parameters and output display within BIOSCREEN are presented 
below. 

GENERAL INPUTS 

The physical dimensions of the rectangular area to be modeled are entered directly into the 
model spreadsheet.  Values should be slightly larger than the final plume dimensions or should 
extend to the downgradient point of concern.  Groundwater flow suggests that the plume will 
migrate westward towards the East Canal of the airport ditch system (see Figure 2-3 of the FFS 
report).  The distance from the source area to nearest potion of the East Canal is approximately 
975 feet, considering the curved centerline of the GRO and benzene plumes.  The modeled 
lengths were chosen to show the distribution of contaminants along the plume centerline for the 
simulated period.  The modeled length and width for GRO 12-year and 15-year simulations and 
the benzene 12-year and 87-year simulations were both 1,200 feet.  The chosen modeled length 
and width for the GRO 87-year simulation were expanded to 5,000 feet to observe the modeled 
plume. 

A simulation period of 12 years was used for the initial simulation runs.  This period is the 
amount of time that has passed since the fuel pipeline was abandoned in 1994 (the assumed date 
that the release occurred) until 2006 when the first set of data was collected for the plumes.  
Another simulation period of 87 years was used to estimate the groundwater concentration that 
would be expected given that natural attenuation would proceed at the site for an additional 75 
years beyond the latest set of data (2006).  Another simulation period of 15 years was used to 
evaluate the migration of the GRO plume to the East Canal. 

HYDROGEOLOGIC DATA 

Parameters included in hydrogeologic data are seepage velocity, hydraulic conductivity, 
hydraulic gradient, and effective porosity.  The seepage velocity is described as the actual 
interstitial velocity, equaling the Darcy velocity divided by the effective porosity.  If this value is 
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not available, BIOSCREEN calculates the seepage velocity from input values for hydraulic 
conductivity, hydraulic gradient, and effective porosity. 

A hydraulic conductivity of 0.028 cm/s was used for modeling contaminant fate and transport at 
the site.  The hydraulic conductivity value chosen represents the downtown sand layers and was 
obtained from the final groundwater study report performed for the Naval Air Facility, Adak 
Island (URS 1995).  A hydraulic gradient of 0.0027 foot/foot was calculated using groundwater 
elevation data collected July 18, 2006.  A standard estimate of 0.3 for effective porosity was used 
in this model.  This value was chosen from a standard range of effective porosity values for silt 
and sand (USEPA 1996 and Newell et al. 1997).  This value is representative of typical values 
for sand. 

BIOSCREEN calculated the seepage velocities based on the hydraulic conductivity, effective 
porosity, and hydraulic gradient inputs.  The seepage velocity value calculated was 263.5 feet per 
year. 

DISPERSION DATA 

Contaminant dispersivity is addressed in the model in three dimensions:  longitudinal 
dispersivity, transverse dispersivity, and vertical dispersivity.  Each can be entered directly or 
calculated by BIOSCREEN from the estimated plume length. 

A 700-foot plume length was input to calculate the longitudinal, transverse, and vertical 
dispersivities for this site for the GRO model.  This plume length value was selected because it is 
the distance from the source area along the 8-inch diameter AVGAS pipeline (near well GP-303-
23) to the first available downgradient contour where GRO concentrations in groundwater equal 
cleanup criteria (near well 03-562, Figure 4-7).  For the benzene model, a 680-foot plume length 
value was used.  This plume length value was selected because it is the distance from the original 
source area (near well GP-303-23) to the farthest available downgradient contour where benzene 
concentrations in groundwater equal the cleanup criteria. 

ADSORPTION DATA 

The contaminant adsorption parameters included in the BIOSCREEN model are retardation 
factor, soil bulk density, organic carbon partition coefficient (Koc), and fraction organic carbon 
(foc).  The retardation factor may be entered directly or BIOSCREEN will calculate the 
retardation factor from the remaining parameters. 
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The soil bulk density may be measured in the laboratory.  However, in most cases, estimated 
values such as 1.7 or 1.8 kg/L are used.  Because bulk density values have not been measured for 
this site, a typical value for soil bulk density of 1.8 kg/L was used. 

The organic carbon partition coefficient (Koc) is chemical specific and relates soil organic carbon 
to the aqueous phase.  The values of 1,260 L/kg for GRO and 58.9 L/kg for benzene as specified 
in Alaska DEC guidance were used in the simulations (ADEC 2002).  

Fraction organic carbon (foc) is the portion of the aquifer soil matrix comprised of natural organic 
carbon in uncontaminated areas.  If possible, this value should be measured in the laboratory on a 
sample representing the uncontaminated zone of the aquifer.  Because a site-specific value is not 
known, a reasonable value of 0.0006 was used in the simulations.  More natural carbon in the 
soil leads to greater adsorption of organic constituents onto the soil matrix. 

BIODEGRADATION DATA 

Biodegradation input parameters are dependent upon the type of degradation model specified for 
the simulation:  no degradation, first-order decay, or instantaneous reaction. 

If the first-order decay model is specified, the solute degradation rate is proportional to the solute 
concentration.  The first-order decay coefficient describes the decay process for dissolved 
constituents.  This value can be entered directly or calculated by BIOSCREEN if the dissolved 
plume solute half-life is input.  The decay coefficient and solute half-life are chemical-specific 
values that may be obtained from literature.  This model does not account for site-specific 
degradation information or assume any biodegradation of dissolved constituents in the source 
zone.  That is, the model assumes that biodegradation starts immediately downgradient of the 
source, and not in the source zone itself. 

If the instantaneous reaction model is specified, then BIOSCREEN requires multiple chemical-
specific data that comprise the total biodegradation capacity of the groundwater as it flows 
through the source zone and contaminant plume.  The biodegradation capacity parameters 
include delta oxygen, delta nitrate, observed ferrous iron, delta sulfate, and observed methane.  
The BIOSCREEN model authors do not recommend use of the instantaneous reaction model for 
contaminants that possess a retardation factor greater than 6.0 (AFCEE 1996).  The 
instantaneous reaction model assumes BTEX is the contaminant in calculation of the 
biodegradation capacity.  This assumption is appropriate for use at sites where GRO is the 
contaminant source. 

Three types of biodegradation (no degradation, first-order decay, and instantaneous reaction) 
were evaluated in this modeling effort.  It should be noted that the representativeness of the input 
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parameters used in the instantaneous reaction model is uncertain.  Typically, delta values for 
oxygen, nitrate, and sulfate are obtained by subtracting the minimum concentration measured in 
a well located within the dissolved plume from the concentration measured in an upgradient 
background well (MW-303-23).  Observed values for ferrous iron and methane are average site-
specific values collected from wells located within the dissolved petroleum plume.  Delta and 
observed values listed in Table 1 were used in these models.  The following natural attenuation 
parameters were used in the instantaneous reaction model for Area 303:  7.52 mg/L for delta 
oxygen, 0.007 mg/L for delta nitrate, 2.72 mg/L for observed ferrous iron, 34.9 mg/L for delta 
sulfate, and 1.63 mg/L for observed methane. 

Degradation rates (as first-order-decay coefficients) of 0.34 per year for GRO and 1.2 per year 
for benzene were used.  The degradation rate chosen for GRO is the published degradation rate 
for cyclohexane, which is estimated to represent jet petroleum No. 5 (JP-5) as measured by 
GRO.  The degradation rate was adjusted so that the model output matched current 
concentrations. 

SOURCE DATA 

The Domenico analytical solute transport model used by BIOSCREEN assumes a vertical plane 
source of constant concentration.  This section describes the dimensions of this vertical source 
plane. 

Source Thickness in Saturated Zone 

The thickness in the saturated zone can be determined by evaluating groundwater data from 
wells near the source zone screened at different depths.  If these data are not available, the 
thickness could be estimated by using the amount of water table fluctuation that has occurred 
since the time of release.  Otherwise, an assumption of 10 feet would probably be appropriate for 
many petroleum-release sites.  A saturated zone source thickness of 5 feet was assumed for this 
site based on available information, such as the amount of water table fluctuation in source area 
soil. 

Source Zone Width 

BIOSCREEN allows up to five source zones with different concentrations to account for spatial 
variations in the source area.  The width of each zone is entered directly into the model.  
Conservative estimates of one source zone at a width of 250 feet for GRO and 250 feet for 
benzene were used in the model simulations for this site.  These widths are estimated based on 
the source area along the pipelines shown on the plume maps (see Figures 4-6 and 4-8 of the FFS 
report). 
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Source Zone Concentration 

The concentrations that correspond to each source zone width are entered directly into the model.  
The source zone concentration of 80 mg/L was selected for GRO because the approximate  
mid-range solubility for gasoline (Cole 1994) and because free product was likely released.  This 
concentration is slightly more than the concentration detected at the sample location nearest the 
source (GP-303-23).  The source zone concentration selected for benzene (0.22 mg/L) is the 
concentration used for the previous modeling of the benzene plume to the north of Area 303, 
which originated from the same AVGAS pipeline (U.S. Navy 2005). 

Source Zone Half-Life 

A value for source zone half-life is automatically calculated by the model based on the user’s 
best estimate for the mass of dissolvable organics available in the source zone (i.e., soluble 
organic constituents sorbed on the soil, residual nonaqueous-phase liquids [NAPLs], and free-
phase NAPLs). 

Soluble Mass in Source 

Soluble mass in source NAPL was adjusted to fit modeled site data. 

FIELD DATA FOR COMPARISON 

The field data parameters are concentrations of the dissolved organics in wells near the centerline 
of the plume.  The data are presented in Table 1 and displayed with model results in the 
Centerline Output sheets (Attachment G-1). 

GRO and benzene concentration data reported for groundwater samples collected in 2006 were 
input to evaluate the instantaneous reaction modeling results for GRO and first-order decay for 
benzene (Table 1).  Adjustments to foc, first order decay coefficient, or soluble mass in soil values 
were necessary to calibrate the models to site data. 

CENTERLINE OUTPUT 

This screen shows the average concentration at the top of the saturated zone along the centerline 
of the plume.  The concentrations at distances away from the source are displayed in graphic and 
table format for each model type run for this site (no degradation, first-order decay, and 
instantaneous reaction). 
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MODEL RESULTS 

Results of fate and transport modeling performed for Area 303 using the first-order decay model, 
instantaneous reaction model, and no-degradation model within BIOSCREEN are summarized 
below: 

 GRO: 

- The first-order decay model simulation run for GRO and an 87-year 
period predicts a source concentration in groundwater of approximately 
0.002 mg/L, which is less than the Alaska DEC groundwater cleanup 
criterion of 1.3 mg/L for GRO.  Likewise, this model predicts that 
downgradient GRO concentrations in groundwater would not be 
significantly different than zero. 

- The instantaneous reaction model simulation run for GRO and an 87-year 
period predicts a groundwater source concentration not significantly 
different than zero.  It also predicts that approximately 17 years after the 
release, GRO concentrations would exceed the Alaska DEC groundwater 
cleanup criterion for GRO (1.3 mg/L) at the East Canal (975 feet from the 
source).  The instantaneous reaction model estimates that GRO 
concentrations would be reduced below its cleanup criterion at 975 feet 
from the source approximately 35 years after the release. 

- The no-degradation model simulation run for GRO and an 87-year period 
predicts a source concentration in groundwater of approximately 
0.002 mg/L, which is less than the Alaska DEC groundwater cleanup 
criterion of 1.3 mg/L for GRO.  This model also predicts that 
downgradient GRO concentrations would exceed the Alaska DEC cleanup 
criterion at the East Canal (975 feet from the source) approximately 14 
years after release.  The no-degradation model estimates that GRO 
concentrations would be reduced below its cleanup criterion at 975 feet 
from the source approximately 54 years after the release. 

 Benzene: 

- The first-order decay model simulation run for benzene and an 87-year 
period predicts a source concentration in groundwater of approximately 
0.099 mg/L, which exceeds the Alaska DEC groundwater cleanup 
criterion of 0.005 mg/L for benzene.  This model also predicts that 
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downgradient benzene concentrations in groundwater would equal the 
applicable Alaska DEC groundwater cleanup criterion of 0.005 mg/L at 
600 feet of the source, but would not be significantly different than zero at 
the East Canal. 

- The instantaneous reaction model simulation run for benzene and an 
87-year period predicts that both source area and downgradient benzene 
concentrations in groundwater would not be significantly different than 
zero. 

- The no-degradation model simulation run for benzene and an 87-year 
period predicts a source concentration in groundwater of approximately 
0.099 mg/L, which exceeds the Alaska DEC groundwater cleanup 
criterion of 0.005 mg/L for benzene.  This model also predicts that 
downgradient benzene concentrations would be approximately 0.085 mg/L 
near the East Canal, which is also in excess of the applicable Alaska 
cleanup level. 
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Table 1 
BIOSCREEN Model Input Parameters, Area 303

 
Parameter GRO Benzene 

1.  Hydrogeologic Data 
Hydraulic conductivity (cm/s)  0.0283a 0.0283a 
Gradient (ft/ft) (August 2001) 0.0027 0.0027 
Porosity 0.3 0.3 
2.  Dispersion 
Estimated plume length (ft) 700 680 
3.  Adsorption Data 
Soil bulk density (kg/L) 1.8 1.8 
Koc (L/kg)b 1,260 58.9 
foc 0.0006 0.0006 
4.  Biodegradation Data  
First-order decay coefficient (per year)c 0.34 1.2 
Delta oxygen (mg/L)  7.52 7.52 
Delta nitrate (mg/L) 0.007 0.007 
Observed ferrous iron (mg/L) 2.72 2.72 
Delta sulfate (mg/L) 34.9 34.9 
Observed methane (mg/L) 1.63 1.63 
5.  General 
Modeled area length (ft)  1,200 1,200 
Modeled area width (ft) 1,200 1,200 
Initial simulation time (years) (1994-2006) 12 12 
Final Simulation time (years) (12+75) 87 87 
6.  Source Data 
Source thickness in saturated zone (ft) 5 5 
Source width (ft) 250 250 
Source zone maximum concentration (mg/L)  80 0.22 
Soluble mass in source soil (kg) 1,130 50 
7.  Field Data (May-June 2006) for Comparison to Modeled Results, 12 Years After 
     Release (mg/L) 
GP-303-23 (Distance = 0 feet) 60 0.1 
MW-303-27 (Distance = 120 feet) 27.4 -- 
MW-303-31 (Distance = 240 feet) 17.6 -- 
MW-303-30 (Distance = 480 feet) 36.6 -- 
03-107 (Distance = 600 feet) -- 0.015 
03-562 (Distance = 720 feet) 0.05 0.005 
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Table 1 (Continued) 
BIOSCREEN Model Input Parameters, Area 303 

 

aURS 1995a 
bADEC 2002 
cURSG 1997 
 
Notes: 
GRO - gasoline-range organics 
cm/s - centimeter per second 
ft - foot 
foc - fraction organic carbon 
kg - kilogram 
kg/L - kilogram per liter 
Koc - organic carbon partition coefficient 
L/kg - liter per kilogram 
mg/L - milligram per liter 
-- - not available 



 

 

Attachment G-1 
BIOSCREEN Model Output 
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ABBREVIATIONS AND ACRONYMS
 
 
95UCL 95 percent upper confidence limit 
AAC Alaska Administrative Code 
ACL alternative cleanup level 
ACS American Cancer Society 
ARC Adak Reuse Corporation 
ATSDR Agency for Toxicological Substances and Disease Registry 
AVGAS aviation gasoline 
bgs below ground surface 
BTEX benzene, toluene, ethylbenzene, and xylenes 
COPC chemical of potential concern 
CSM conceptual site model 
DCA dichloroethane 
DEC Department of Environmental Conservation (State of Alaska) 
DRO diesel-range organics 
EDB ethylene dibromide 
EPA U.S. Environmental Protection Agency 
EPC exposure-point concentration 
EPH extractable petroleum hydrocarbons 
FFS focused feasibility study 
GCI General Communications, Inc. 
g/mol gram per mole 
g/m2-s gram per squared meter per second 
GRO gasoline-range organics 
HEAST Health Effects Assessment Summary Table 
HHRA human health risk assessment 
HHSL human health screening level 
HI hazard index 
HQ hazard quotient 
IRIS Integrated Risk Information System 
J-E Johnson and Ettinger 
JP-5 jet petroleum No. 5 
kg/m3 kilogram per cubic meter 
LOAEL lowest-observed-adverse-effect level 
L/m3 liter per cubic meter 
m3 cubic meter 
MDL method detection limit 
MDEP Massachusetts Department of Environmental Protection 
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ABBREVIATIONS AND ACRONYMS (Continued) 
 
 

 

min minute 
MLLW mean lower low water 
µg/L microgram per liter 
µg/mg microgram per milligram 
mph miles per hour 
mg/m3 milligram per cubic meter 
mg/kg milligram per kilogram 
mg/kg-day milligram per kilogram per day 
m/sec meters per second 
MRL minimum risk level 
NCEA National Center for Environmental Assessment 
NOAEL no-observed-adverse-effect level 
PAH polycyclic aromatic hydrocarbons 
PEF particulate emission factor 
PID photoionization detector 
RfDs reference dose 
RME reasonable maximum exposure 
ROD record of decision 
RRO residual-range organics 
s second 
SAP sampling and analysis plan 
SF slope factor 
SQL sample quantitation limit 
SWMU solid waste management unit 
TAC The Aleut Corporation 
TPH total petroleum hydrocarbon 
TPHCWG Total Petroleum Hydrocarbon Criteria Working Group 
UF uncertainty factor 
URF unit risk factor 
URS URS Group, Inc. 
USGS U.S. Geological Survey 
UST underground storage tank 
VF volatilization factor 
VFw volatilization factor from water 
VOC volatile organic compound 
VPH volatile petroleum hydrocarbons 
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1.0  INTRODUCTION 

 
The focused feasibility study (FFS) report identified petroleum compounds in soil and 
groundwater above regulatory levels at the site due to leakage from subsurface fuel lines.  This 
appendix provides an evaluation of whether potential health risks are present if people encounter 
petroleum-impacted materials in their environment.  Alaska Department of Environmental 
Conservation (DEC) provides guidance for four methods of determining cleanup levels 
(beginning with Method 1) that increase in level of effort and site specificity.  Method 4 uses risk 
assessment to determine site-specific cleanup levels (Alaska DEC 2005 and 2000a).  Sufficient 
site information was collected (see URS 2006 Sampling and Analysis Plan [SAP]) to determine 
Method 4 cleanup levels for Area 303. 

According to Alaska DEC and U.S. Environmental Protection Agency (EPA) guidance, risk 
assessments are composed of four basic steps.  The first step involves an initial screening of the 
sampling data to select the applicable data set for humans and, within that data set, select 
chemicals that could be a health concern.  Secondly, chemical sources, pathways, receptors, 
exposure duration and frequency, and routes of exposure are evaluated to quantitatively assess 
the amount of exposure to the chemicals of potential concern (COPCs).  Next, a toxicity 
assessment is performed, which qualitatively summarizes the carcinogenic and noncarcinogenic 
effects associated with the COPCs and provides toxicity values that are used to calculate the 
dose-response relationship.  The final step in a human health risk assessment (HHRA) is the risk 
characterization that integrates the quantitative and qualitative results of the data evaluation, 
exposure, and toxicity assessment sections.  A fifth step is sometimes performed, which is if 
there are chemicals found to be a health concern after the risk characterization step, site-specific 
alternative cleanup levels (ACLs) are calculated.  ACLs were not calculated for this site. 

The accuracy of this assessment depends in part on the quality and representativeness of the 
available samples, exposure, and toxicological data.  Where information is incomplete, 
conservative assumptions were made so that risk to public health was not underestimated.  
Section 6 presents a discussion of uncertainties in the HHRA.  This report was prepared in 
accordance with current Alaska DEC and EPA guidelines for risk assessment (Alaska DEC 
2000a, 2000b, 2002, and 2005; USEPA 1989, 1991, and 2004c).  We note that Alaska DEC has 
recently published revised risk assessment guidelines (Alaska DEC 2005) that are currently in 
draft form and undergoing public comment.  Because the 2005 guidelines are still draft, both the 
draft guidelines and the previous guidelines (Alaska DEC 2000a) are cited in this appendix.  
However, this risk assessment generally follows the 2005 draft guidelines. 

The evaluation follows the available science where appropriate regulatory guidance is not 
available to accommodate site-specific conditions. 
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This risk assessment is organized as follows:  

 Section 1 contains a site description and describes the source of contamination. 

 Section 2 describes the data used in the risk assessment and how the chemicals of 
potential concern were selected. 

 Section 3 provides the conceptual site model (CSM), the rationale for the 
selection or exclusion of exposure pathways, and the methodology and inputs that 
were used to calculate chemical dose. 

 Section 4 describes the sources of the toxicity criteria that were used in the risk 
and hazard calculations. 

 Section 5 provides the methodology that was used to calculate cancer risks and 
noncancer hazards. 

 Section 6 discusses the uncertainties in the risk assessment. 

 Section 7 provides a summary and presents the conclusions of the risk 
assessment. 

 Section 8 provides the references cited in this HHRA. 

1.1 SITE DESCRIPTION 

Area 303 extends from the intersection of Main Road and Terminal Road, on the northeast, south 
along Main Road to the Eagle Bay Housing area and west to the air terminal area and East Canal.  
There are two structures within the Area 303 site, the GCI Compound building and Building 
T-2776.  The GCI Compound petroleum-release site is located near the middle of this area.  
However, the GCI Compound is excluded from Area 303, because it has been previously 
evaluated.  Issues related to petroleum exposures and the T-2776 Building were addressed in the 
risk assessment conducted for solid waste management unit (SWMU) 62, New Housing Fuel 
Leak.  The Sandy Cove Housing portion of the SWMU 62, New Housing Fuel Leak, petroleum 
site borders Area 303 to the northeast at the intersection of Main Road and Terminal Road.  The 
Eagle Bay Housing portion of the SWMU 62 petroleum site borders Area 303 to the south.  
These structures are shown on Figure H2-1 in Section 2. 
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The ground surface at Area 303 typically consists of a broad level area covered primarily with 
native grasses and with minimal patches of gravel-covered parking areas.  Elevations of the 
ground surface in eastern portion of this area are generally about 28 feet above mean lower low 
water (MLLW).  The ground surface drops off approximately 15 to 20 feet along the western 
edge of Area 303 in the vicinity of the air terminal and East Canal.  The ground surface in the 
vicinity of the air terminal is capped with concrete of an unknown thickness. 

The East Canal of the airport drainage ditch system is the closest surface water body and is 
located just to the southwest of the site (near well 03-012 shown on Figure H2-1 in Section2).  
This drainage ditch is interconnected with groundwater.  Surface water runoff from the site into 
the ditch is not a concern, because there is no surface soil contamination at the site.  It is an 
engineered diversionary structure designed to collect surface runoff from the airfield. 

1.2 SOURCE OF CONTAMINATION 

Petroleum-related chemicals have been identified in soil and groundwater throughout Area 303.  
As detailed in Section 3 of the FFS report, concentrations of gasoline-range organics (GRO) 
have been identified at concentrations greater than 10,000 µg/L in groundwater samples 
collected from two locations in this area, separated by more than 400 feet.  Figure 4-6 in the FFS 
report shows the distribution of GRO in groundwater in this area using the most recent data 
available for each sample location.  The source of these two widely distributed elevated GRO 
concentrations is believed to be the underground aviation gasoline (AVGAS) pipeline that 
parallels Main Road.  This pipeline is not currently in service.  In addition, based on verbal 
communications with Bristol Environmental, fuel is most likely still present in the avgas 
pipelines (Bristol 2007).  During the 1998 and 1999 time frame, Bristol was contracted to 
decommission the 8-inch AVGAS pipeline and the 6-inch branch lines.  Bristol’s attempts to 
close these pipelines were halted after they determined that there was a significant amount of 
fuel in the pipelines, and the equipment to handle the fuel was not available on Adak.  Two 
additional fuel transfer pipelines also parallel Main Road (Figure H2-1 in Section 2).  These 
pipelines transferred diesel fuel and jet petroleum No. 5 (JP-5) and are not considered to be 
potential sources for the GRO release identified in the groundwater.  The potential source of the 
diesel-range organics (DRO) found in Area 303 is likely from the JP-5 fuel leaks from 
SWMU 62. 
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2.0  DATA EVALUATION AND SELECTION OF CHEMICALS OF 
POTENTIAL CONCERN 

 
This initial step in the risk assessment has two parts.  First, the available sampling data and site 
information are reviewed to select data applicable to human health.  Then, second, chemical 
concentrations within the data set are evaluated to identify chemicals and affected environmental 
media (e.g., soil, groundwater) that are potential human health concerns requiring a more 
detailed assessment. 

2.1 SELECTION OF DATA APPLICABLE TO HUMAN HEALTH 

This section of the risk assessment provides a discussion of all the available data and its 
applicability for human health risk assessment.  Usually, not all the data available at a particular 
site are selected for inclusion in the risk assessment, because not all are relevant to human health.  
For example, the quality of the data may be insufficient for the needs of the risk assessment, or 
the soil data may be from a depth interval for which there would be no human exposures.  The 
data selected for inclusion or exclusion in the risk assessment for this site are presented on 
Table 2-1, together with the rationale for exclusion.  There are historical data available from past 
investigations in Area 303.  The soil data are generally more than 10 years old and unlikely to be 
representative of current conditions.  Historical groundwater data are available from more recent 
rounds of long-term monitoring and may be representative.  The historical data were reviewed 
for its representativeness, usability, and quality and were included in the risk assessment as 
appropriate.  All of the data collected during the recent data collection activities resulted in 
useable data for the risk assessment, for those pathways that are considered to be complete and 
significant (discussed in Section 3).  Table 2-2 summarizes the date ranges of the available soil 
and groundwater data. 

In 2003, a U.S. Geological Survey (USGS) investigation of the General Communications, Inc., 
(GCI) Compound identified GRO and benzene concentrations in groundwater in deep boreholes 
that greatly exceeded those at the GCI source, indicating a second overlapping plume from an 
unidentified source for GRO was likely present in the area somewhere south or southwest of the 
GCI Compound (USGS 2005).  The results of the USGS investigation prompted this 
investigation of Area 303.  The USGS submitted four groundwater samples from their 
investigation of the GCI Compound in 2003 to a laboratory for analytical analysis of GRO and 
benzene.  The data from these samples are considered to be more representative of groundwater 
conditions resulting from the Area 303 source, rather than from the source release at the GCI 
Compound.  Therefore, the GRO and benzene data from these four groundwater samples were 
included in the evaluation of Area 303. 
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Optimizing data usability reduces uncertainty in environmental data used in a risk assessment.  
Data usability and quality issues are discussed below according to EPA guidelines (USEPA 
1992a), which provide practical guidance on how to obtain an appropriate level of quality of all 
environmental analytical data. 

2.1.1 Data Usability 

The four data application questions requiring an answer for risk assessment from EPA’s data 
usability guidance (USEPA 1992a) are as follows: 

1. What contamination is present, and at what levels?  Historical assessments 
identified petroleum compounds in soil and groundwater at the site.   The source of 
elevated GRO concentrations in groundwater is believed to be an underground 
AVGAS pipeline that parallels Main Road.  This pipeline is not currently in service.  
In addition, based on verbal communications with Bristol Environmental, fuel is most 
likely still present in the AVGAS pipelines (Bristol 2007).  During the 1998 and 1999 
time frame, Bristol was contracted to decommission the 8-inch AVGAS pipeline and 
the 6-inch branch lines.  Bristol’s attempts to close these pipelines were halted after 
they determined that there was a significant amount of fuel in the pipelines, and the 
equipment to handle the fuel was not available on Adak.  Two additional fuel transfer 
pipelines also parallel Main Road (Figure H2-1).  These pipelines transferred diesel 
fuel and JP-5 and are not considered to be potential sources for the GRO release 
identified in the groundwater.  The potential source of the DRO found in Area 303 is 
likely from the JP-5 fuel leaks from SWMU 62.  Other possible source candidates are 
a leaking underground storage tank (UST) near the GCI Compound containing either 
gasoline or diesel fuel and fuel distribution lines that contained JP-5. 

While the source of the GRO is not definitively known, it is known that GRO is 
present together with DRO from a JP-5 source.  JP-5 has an approximate carbon 
fraction range of C9 to C16, and the majority of weathered gasoline is anticipated to 
range from C6 to C10.  Alaska DEC DRO analyses, with an approximate carbon 
fraction range of C10 to C25, and Alaska DEC GRO analyses, with an approximate 
carbon fraction range of C6 to C10, cover the range of the majority of carbon 
compounds expected in the groundwater plumes and soils at the site.  These analyses 
are, therefore, appropriate to use in evaluating contamination.  Residual-range 
organics (RRO) (approximate carbon chain length of C25 to C36) analyses were also 
performed in soil to confirm the absence of significant amounts of heavy-end 
petroleum fractions.  RRO is the least toxic fraction for human health.  The most 
toxic portions of petroleum are the single-ring aromatics—benzene, toluene, 
ethylbenzene, and xylenes (BTEX)—found primarily in the GRO range, and the 



FINAL FFS REPORT, REVISION 1 Appendix H 
Area 303, Former Adak Naval Complex Section 2.0  
Naval Facilities Engineering Command Northwest Revision No.:  1 
Contract No. N44255-09-D-4001 Date:  8/11/11 
Delivery Order 0007 Page 2-3 
 
 
 

 

carcinogenic polycyclic aromatic hydrocarbons (PAHs), found at the heavy end of the 
DRO range.  The carcinogenic PAH are virtually excluded from JP-5 and would not 
be expected in any significant amounts at any of the sites with JP-5 sources (ATSDR 
1998).  However, specific analyses for BTEX, ethylene dibromide (EDB), 1,2-
dichloroethane (1,2-DCA), the trimethylbenzene isomers, and the PAH compounds 
were performed together with analyses for lead.  Table 2-3 provides the analytical 
method and the number of samples (detects and nondetects) analyzed per method for 
soil and groundwater.  The specific numbers of samples available for each potential 
COPC are discussed further under item 4 of this list. 

2. Are site concentrations different from background?  Concentrations of chemicals 
that occur on site in the absence of site activities are defined as background 
concentrations.  Comparison of site data to background concentrations allows 
determination of the degree of contamination.  For organic constituents, background 
will be assumed as zero.  For lead concentrations (the only metal for which data are 
available), background values developed specifically for Adak Island were used.  
These values are 10.9 mg/kg for soil and 11.8 µg/L for groundwater (URS 1995a).  
However, because screening levels (discussed in Section 2.2) are higher than 
background levels, background lead levels were not used to eliminate lead as a 
COPC. 

3. Are all exposure pathways and areas identified and examined?  Sufficient site 
knowledge exists to understand potential current and future exposure pathways.  
Exposure pathways are identified and discussed in detail in Section 3. 

4. Are all exposure areas fully characterized?  Sufficient data exist to fully 
characterize exposures at the site for subsurface soil and the main groundwater 
aquifer.   In 2006, groundwater data from the main aquifer were collected from a total 
of 44 locations across the site.  Historical data from 19 of these wells, as well as the 3 
USGS wells (GCI-3C, GCI-10, and GCI-11), were also used to evaluate groundwater 
conditions at this site (see Table 2-2).  A total of 95 samples from 47 locations were 
included in this evaluation.  No data are available from the shallower perched 
groundwater zone located at a depth of approximately 10 feet below ground surface 
[bgs] in the northern portion of the site.  The perched zone was not encountered in 
any of the wells investigated during the 2006 sampling investigation and, thus, no 
recent samples of this shallower layer could be collected.  A limited amount of 
historical data from the perched groundwater zone was located for well MRP-MW3, 
which was installed in 1992 and is directly adjacent to MRP-MW2 in the northeast 
portion of Area 303, and for a former well 03-708 located approximately 125 feet 
west-northwest of MRP-MW3.  Because no perched groundwater was encountered 
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during the 2006 investigation, and based on the review of the limited amount of 
historical data for the perched zone, it appears that the extent of the perched 
groundwater in Area 303 is limited.  However, as further discussed in Section 3.1, 
there is a potential for direct contact by construction workers with groundwater in the 
perched groundwater zone in the northern portion of the site.  Because there are no 
recent data from this shallow groundwater, the recent groundwater data collected 
from the main unconfined aquifer (average depth of 23.6 feet bgs) were used as 
surrogate data for evaluation of construction worker exposures to groundwater in the 
perched groundwater zone.  Use of the main aquifer groundwater data to evaluate 
construction worker dermal exposures to groundwater in the perched zone and the 
limited amount of historical data from the perched zone is discussed further in the 
uncertainty section (Section 6). 

In 2006, 16 subsurface soil samples were collected within, upgradient, and 
downgradient of the known petroleum plume near the pipelines.  In addition, 
historical data from 17 additional locations (see Table 2-2) within the known 
petroleum plume were evaluated in this assessment to further characterize soil 
conditions in Area 303.  The historical data from these 17 additional locations were 
included with the recent soil data in the risk assessment, because they are co-located 
with the groundwater wells that were selected for characterization of groundwater 
conditions beneath Area 303 in the 2006 sampling investigation.  Because more 
recent data from these 17 locations are not available, the historical data from these 
locations were used in this assessment to provide better spatial coverage and 
distribution of soil samples across the entire Area 303 site, as shown on Figure H2-1.  
A total of 63 subsurface soil samples from 33 locations were evaluated in this risk 
assessment.  Figure H2-1 presents the sampling locations of the data used to evaluate 
subsurface soil conditions at the site.  It should be noted that additional historical 
subsurface soil data are available in the general vicinity of Area 303.  However, those 
other historical data were used to evaluate and characterize subsurface conditions 
related to other petroleum release sites (SWMU 62, New Housing Fuel Leak Site and 
GCI Compound).  Therefore, those data are not considered to provide additional 
beneficial information to the characterization of subsurface conditions resulting from 
potential petroleum releases associated with Area 303, because they are concentrated 
in the areas of the other petroleum-release sites. 

No surface soil data are available for this site.  As discussed in Section 3.3, 16 surface 
soil samples collected in the 2006 sampling investigations were field screened using a 
photoionization detector (PID).  The field screening concluded that surface soil in 
Area 303 has not been impacted by site contamination.  Therefore, the lack of surface 
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soil samples is not considered a data gap, and exposures to surface soil will not be 
evaluated in this assessment. 

2.1.2 Data Quality—Sample Quantitation Limits 

All data have been collected following Navy and EPA requirements.  Consequently, the data are 
generally of sufficient quality for use in risk assessment.  Therefore, the focus of this section is to 
address any sample quantitation limit (SQL) issues that are specifically applicable to human 
health.  SQLs are the laboratory quantitation limits (also referred to as the reporting limit) that 
are adjusted to reflect sample-specific factors such as dilution, use of a smaller sample aliquot for 
analysis, or for matrix interference.  The method detection limit (MDL) is defined as the 
minimum concentration of an analyte that can be routinely identified using a specific method.  
The reporting limit is the minimum level at which an analyte can be accurately and reproducibly 
quantitated.  SQLs are used in risk assessment data evaluations because they “take into account 
sample characteristics, sample preparation, and analytical adjustments” (USEPA 1989), and they 
are considered to be the most relevant quantitation limits for evaluating nondetected chemicals. 

For recent samples, laboratory SQLs were established that meet risk assessment requirements.  
For historical data, the data was evaluated to ensure that SQLs were appropriate.  SQLs below 
screening values are required in order that the resulting data set provides the risk assessor with a 
higher degree of certainty in identifying COPCs. 

The adequacy of SQLs were evaluated for both detected and nondetected chemicals.  For 
nondetected chemicals, if the SQL is greater than the screening value, then half the SQL was 
used as a surrogate for the screening process (Alaska DEC 2005).  Chemicals that are never 
detected, but have half the SQL exceeding a screening level, were not be carried through the risk 
assessment, but were identified as an area of uncertainty.  The impacts of these never detected 
chemicals on the conclusions of the risk assessment are discussed qualitatively in the uncertainty 
section of the risk assessment report. 

Any detected chemicals with SQLs greater than their screening values are listed in Table 2-4.  
This table provides the number of “nondetected” values greater than screening values and the 
total number of nondetected samples for each chemical.  If the total number of samples is large 
relative to the number of non-detects, then detection limits exceeding screening values are of less 
concern, because the majority of the data set contains detected values.  Chemicals with low 
detection frequency and a high percentage of the nondetected values with SQLs exceeding 
screening levels represent a greater degree of uncertainty, because a larger percentage of the data 
set could potentially be present above a screening level.  The uncertainties surrounding the 
inadequate SQLs for these compounds and the potential effect on the selection of COPCs and the 
risk assessment results will be discussed in Section 6. 
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Seven chemicals in groundwater had SQLs greater than the screening values.  Six of these 
chemicals were ultimately selected as COPCs and quantitatively evaluated in the risk 
assessment.  The remaining chemical, indeno(1,2,3-cd)pyrene, had SQLs that exceeded the 
screening value in only 2 percent of the nondetected results.  In addition, this chemical was not 
selected as a COPC, based on infrequent detection (detection frequency of less than 5 percent).  
Therefore, it is unlikely that indeno(1,2,3-cd)pyrene is present in groundwater in concentrations 
greater than its respective screening value.  Five chemicals in soil had SQLs greater than the 
screening values and four were selected as COPCs.  The remaining chemical, benzene, had no 
detected concentrations greater than the screening value.  Therefore, benzene is not likely present 
in soil in concentrations greater than its respective screening value.  See further discussion in the 
uncertainty section (Section 6). 

2.2 CHEMICAL SELECTION PROCESS 

Typically, not all chemicals present at a site pose health risks or contribute significantly to 
overall site risks.  EPA guidelines (USEPA 1989) recommend focusing on a group of “chemicals 
of potential concern” based on inherent toxicity, site concentration, and behavior of the 
chemicals in the environment.  To identify these COPCs, risk-based screening values are 
compared to detected chemical concentrations.  If site chemical concentrations exceed their 
respective screening concentrations, then these chemicals are retained as COPCs for further 
evaluation in the risk assessment, if their frequency of detection is greater than 5 percent (Alaska 
DEC 2005).  EPA and Alaska DEC guidance allow the elimination of chemicals from the 
quantitative evaluation if they are detected infrequently and SQLs are adequate (USEPA 1989 
and Alaska DEC 2001b and 2005). 

The screening values for groundwater and soil are one-tenth the Alaska DEC human health 
screening levels presented on Table B.1 from Alaska Administrative Code (AAC) 75.341 and 
Table C from AAC 75.345 for soil and groundwater, respectively.  For chemicals that are not on 
Tables B.1 and C, levels from Alaska DEC Technical Memorandum—01-007 (Alaska DEC 
2003a) will be used.  If Alaska DEC 2003a does not have a value, one-tenth of EPA Region 6 
medium-specific human health screening levels (HHSLs) for residential exposures will be used 
for screening (USEPA 2006).  If a detected chemical does not have a screening value in any of 
these sources, a surrogate compound of similar structure and toxicity will be selected, subject to 
approval by Alaska DEC. 

2.2.1 Results of Screening 

This section describes the results of the screening process. 
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Groundwater 

Table 2-5 summarizes the screening process for groundwater.  A total of 29 petroleum-related 
chemicals were detected in groundwater at Area 303 and screened against their respective 
screening values.  Of 29 chemicals, 16 had maximum concentrations greater than their respective 
screening values.  One chemical (indeno[1,2,3-cd]pyrene) was detected in less than 5 percent of 
the samples (detected in 2 of 48 samples) and had adequate SQLs (see Section 2.1.2).  Therefore, 
indeno(1,2,3-cd)pyrene was screened out based on infrequent detection.  The maximum 
concentration for lead in groundwater exceeded its respective screening value.  However, the 
only complete exposure pathways to groundwater are inhalation and dermal contact during 
subterranean construction activities.  Lead is not considered volatile, and, therefore, the 
inhalation pathway is incomplete.  The dermal pathway for lead in groundwater is unlikely to be 
significant, because lead is not readily absorbed through the skin.  Therefore, lead was not 
selected as a COPC in groundwater.  The remaining 14 chemicals were selected as COPCs 
because their maximum detected concentrations exceeded their respective screening values. 

The 14 selected chemicals are listed below: 

 Benzene 
 Bis(2-ethylhexyl)phthalate 
 Dibenz(a,h)anthracene 
 DRO 
 Ethylbenzene 
 GRO 
 Naphthalene 
 RRO 
 Toluene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 m,p-xylene 
 o-xylene 
 Total xylenes 

Although DRO and RRO were selected as COPCs, at this site, the only complete exposure 
pathways to groundwater are inhalation and dermal contact during subterranean construction 
activities.  DRO and RRO are not considered volatile, and, therefore, the inhalation pathway is 
incomplete.  Information on the skin permeability of these complex mixtures in water is lacking, 
and, therefore, dermal exposures to DRO and RRO in groundwater cannot be evaluated.  See 
further discussion in the uncertainty section (Section 6). 
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While o-xylene and m,p-xylene were selected as individual COPCs, they were evaluated as total 
xylenes in the risk calculations. 

It should be noted that the screening values are based on Alaska DEC groundwater cleanup 
levels for protection of drinking water, a pathway that is not evaluated at this site (see 
Section 3.1.3).  Exposures to groundwater are limited to short-term contact with groundwater 
during subterranean construction activities, exposures that are less significant than residential 
drinking water exposures.  Thus, use of drinking water screening values in the screening for 
COPCs is a conservative approach. 

Soil 

Table 2-6 summarizes the soil screening process for Area 303.  A total of 35 petroleum-related 
compounds were detected in soil at Area 303.  Nine of these chemicals had maximum 
concentrations greater than their respective screening values.  One chemical 
(dibenz[a,h]anthracene) was detected in less than 5 percent of the samples (detected in 1 of 28 
samples) and had adequate SQLs (see Section 2.1.2).  Therefore, dibenz(a,h)anthracene was 
screened out based on infrequent detection.  The remaining eight chemicals were selected as 
COPCs because their maximum detected concentrations exceeded their respective screening 
values.  The selected chemicals are listed below. 

 DRO 
 Ethylbenzene 
 GRO 
 RRO 
 Toluene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 Xylenes 

2.2.2 Summary of Selected COPCs 

Table 2-7 summarizes the chemicals that were selected for quantitative evaluation by media, 14 
chemicals in groundwater and 8 chemicals in soil.  All eight COPCs in soil were also selected as 
COPCs in groundwater. 
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Table 2-2 
Sampling Dates of the Available Soil and Groundwater Data

 
Groundwater Soil 

Cross Reference Date Sampled Cross Reference Date Sampled 
03-012 1998-2002, 2006 03-012 1998 
03-104 2001, 2006 03-104 1997 
03-105 2006 03-105 1997 
03-107 1998, 2001, 2006 03-107 1997 
03-562 1997, 2001, 2006 MRP-MW9 1992 
03-895 1998-2002, 2006 04-210 1996 
04-100 2003-2005 04-211 1996 
04-210 1996, 2002, 2005, 2006 04-213 1996 
04-211 1996, 2002, 2006 03-562 1997 
04-213 1996, 2002, 2006 HMW-303-5 1993 
GP-303-22 2006 HMW-303-6 1993 
GP-303-22A 2006 HMW-303-12 1993 
GP-303-22C 2006 MRP-MW1 1993 
GP-303-23 2006 MRP-MW2 1993 
GP-303-23A 2006 HMW-102-8 1993 
GP-303-23B 2006 HMW-102-10 1993 
GP-303-24 2006 MW-303-22 (B) 2006 
GP-303-24A 2006 MW-303-23 (C) 2006 
HMW-102-10 1993, 2006 MW-303-24 (B) 2006 
HMW-102-7 1993, 1997, 2006 MW-303-25 2006 
HMW-102-8 1993, 1997, 2006 MW-303-26 2006 
HMW-303-11 1993, 2006 MW-303-27 2006 
HMW-303-12 1993, 2007 MW-303-28 2006 
HMW-303-5 2006 MW-303-29 2006 
HMW-303-6 1997, 2006 MW-303-30 2006 
MRP-MW1 1997, 2001, 2006 MW-303-31 2006 
MRP-MW2 1992, 1997, 2001, 2006 MW-303-32 2006 
MRP-MW9 1992, 1996, 2002, 2006 MW-303-33 2006 
MW-303-22 (B) 2006 MW-303-34 2006 
MW-303-23 (C) 2006 MW-303-35 2006 
MW-303-24 (B) 2006 MW-303-36 2006 
MW-303-25 2006 MW-303-37 2006 
MW-303-26 2006 03-895 1998 
MW-303-27 2006   
MW-303-28 2006   
MW-303-29 2006   
MW-303-30 2006   
MW-303-31 2006   
MW-303-32 2006   
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Table 2-2 (Continued) 
Sampling Dates of the Available Soil and Groundwater Data 

 

 

Groundwater Soil 
Cross Reference Date Sampled Cross Reference Date Sampled 

MW-303-33 2006   
MW-303-34 2006   
MW-303-35 2006   
MW-303-36 2006   
MW-303-37 2006   
GCI-3C 2003   
GCI-10 2003   
GCI-11 2003   
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Table 2-3 
Summary of the Number of Samples by Analytical Method 

 
Matrix Analytical Method Number of Samples 

Groundwater 6000/7000, 7421 - Lead 37 
 8015G - TPH, Gasoline Range 3 
 8015 Mod - TPH, Gasoline Range 12 
 8020 - Volatile Organics (BTEX only) 23 
 8021 - Volatile Organics (BTEX only) 6 
 8021 Mod - Volatile Organics (BTEX 

and TMBs only) 
16 

 8100 Mod - TPH, Diesel Range 13 
 8260 - Volatile Organics  42 
 8270 - Semivolatile Organics 48 
 AK 101 - TPH, Gasoline Range 65 
 AK 101 AA - TPH, Gasoline Range 11 
 AK 102 - TPH, Diesel Range 70 
 AK 103 - TPH, Heavy Fraction Range 39 
 VPH – Volatile Petroleum 

Hydrocarbons 
9 

 EPH – Extractable Petroleum 
Hydrocarbons 

9 

Soil 6000/7000, 7421 - Lead 35 
 8015 Mod - TPH, Gasoline Range 13 
 8020 - Volatile Organics (BTEX only) 14 
 8100 - TPH, Diesel Range 5 
 8100 Mod - TPH, Diesel Range 21 
 8260 - Volatile Organics 28 
 8270 - Semivolatile Organics 28 
 AK 101 - TPH, Gasoline Range 31 
 AK 102 - TPH, Diesel Range 35 
 AK 103 - TPH, Heavy Fraction Range 28 
 VPH – Volatile Petroleum 

Hydrocarbons 
9 

 EPH – Extractable Petroleum 
Hydrocarbons 

9 

 
Notes: 
BTEX - benzene, toluene, ethylbenzene, and xylenes 
Mod - modified 
TPH - total petroleum hydrocarbon 
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Table 2-4 
Chemicals with Sample Quantitation Limits Exceeding Screening Values 

 

Exposure 
Medium Chemical Unit 

Range of 
Detection 

Limits 

Screening 
Value (see 

Section 2.2) 

Total 
Number

of 
Samples

No. of 
Non- 

detections 

No. of 
Non-

detections
Exceeding 

SV 

Frequency of
Exceedance

(%) 
Groundwater Semivolatile Organic Compounds (SVOCs)        
 Bis(2-ethylhexyl)phthalate µg/L 10 0.6 2 1 1 100 
 Dibenz(a,h)anthracene µg/L 0.02 - 11 0.01 48 44 44 100 
 Indeno(1,2,3-cd)pyrene µg/L 0.02-11 0.1 48 46 1 2 
 Volatile Organic Compounds (VOCs)        
 Benzene µg/L 0.139 - 50 0.5 98 61 38 63 
 Total Petroleum Hydrocarbons (TPHs)        
 Diesel-range organics µg/L 96.2 - 2,590 150 89 31 20 54 
 Gasoline-range organics µg/L 20 - 199 130 91 37 1 3 
 Residual-range organics µg/L 280-7430 110 39 38 38 100 
Soil Volatile Organic Compounds (VOCs)        
 Benzene mg/kg 0.0016 - 11.4 0.64 42 36 2 6 
 Ethylbenzene mg/kg 0.00443 - 10 8.9 42 28 1 4 
 Xylenes mg/kg 0.0111 - 10 8.1 42 26 1 4 
 Total Petroleum Hydrocarbons (TPHs)        
 Diesel-range organics mg/kg 4.28 - 1,100 825 63 33 1 3 
 Gasoline-range organics mg/kg 0.3 - 500 140 44 26 1 4 
 
Note: 
SV - screening value 
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Rationale for

Location Range of Concentration Potential Potential Contaminant

   Minimum Minimum Maximum Maximum of Maximum Detection Detection Used for Background Screening ARAR/TBC ARAR/TBC COPC Deletion

Concentration (1) Qualifier Concentration (1) Qualifier Units Concentration Frequency Limits Screening Value (2) Value (3) Value Source Flag or Selection (4)

Semivolatile Organic Compounds (SVOCs)

191-24-2 Benzo(g,h,i)perylene (5) 0.375 0.382 ug/L MW-303-28 2/48 0.02 - 11 0.382 0 110 180 HHSL NO IFD, BSL
117-81-7 Bis(2-ethylhexyl)phthalate 4 J 4 J ug/L MRP-MW2 1/2 10 4 0 0.6 4.8 HHSL YES ASL

53-70-3 Dibenz(a,h)anthracene 0.106 0.441 ug/L MW-303-28 4/48 0.02 - 11 0.441 0 0.01 0.022 HHSL YES ASL

105-67-9 2,4-Dimethylphenol 41 41 ug/L MRP-MW2 1/2 10 41 0 70 730 HHSL NO BSL
84-74-2 Di-n-butylphthalate 3 J 3 J ug/L MRP-MW2 1/2 10 3 0 365 3,700 HHSL NO BSL
206-44-0 Fluoranthene 0.03 0.814 ug/L 03-105 3/48 0.02 - 20.8 0.814 0 146 1500 HHSL NO BSL
193-39-5 Indeno(1,2,3-cd)pyrene 0.384 0.392 ug/L MW-303-28 2/48 0.02 - 11 0.392 0 0.1 0.022 HHSL NO IFD

95-48-7 2-Methylphenol 13 13 ug/L MRP-MW2 1/2 10 13 0 180 1,800 HHSL NO BSL
Volatile Organic Compounds (VOCs)

95-63-6 1,2,4-Trimethylbenzene 0.61 300 ug/L GP-303-23A 29/51 0.25 - 1 300 0 185 12 HHSL YES ASL

108-67-8 1,3,5-Trimethylbenzene 0.53 650 ug/L GP-303-23A 29/51 0.25 - 1 650 0 185 12 HHSL YES ASL

83-32-9 Acenaphthene 0.06 J 0.912 ug/L 03-107 16/48 0.0943 - 20.8 0.912 0 22.2 370 HHSL NO BSL
208-96-8 Acenaphthylene (5) 0.03 0.643 ug/L HMW-102-7 6/48 0.02 - 20.8 0.643 0 22.2 370 HHSL NO BSL
120-12-7 Anthracene 0.03 0.04 ug/L 04-211 3/48 0.02 - 20.8 0.04 0 1,100 1,800 HHSL NO BSL
71-43-2 Benzene 0.435 J 220 ug/L MRP-MW2 37/98 0.139 - 50 220 0 0.5 0.35 HHSL YES ASL

86-74-8 Carbazole 0.07 J 0.47 ug/L 04-211 3/10 0.02 - 2.08 0.47 0 40 3.4 HHSL NO BSL
100-41-4 Ethylbenzene 1.27 1,800 ug/L GP-303-23 43/91 0.2 - 2 1,800 0 70 1,300 HHSL YES ASL

86-73-7 Fluorene 0.07 J 3.08 ug/L 03-107 21/48 0.0943 - 20.8 3.08 0 146 240 HHSL NO BSL
91-57-6 2-Methylnaphthalene 0.129 57.8 ug/L HMW-303-11 26/48 0.0962 - 11 57.8 0 78 6.2 HHSL NO BSL
91-20-3 Naphthalene 0.1 86.9 ug/L HMW-303-11 28/48 0.0952 - 11 86.9 0 70 6.2 HHSL YES ASL

85-01-8 Phenanthrene (5) 0.02 J 1.48 ug/L 03-107 14/48 0.0943 - 20.8 1.48 0 1,100 1,800 HHSL NO BSL
129-00-0 Pyrene 0.03 0.202 ug/L MW-303-33 4/48 0.02 - 20.8 0.202 0 110 180 HHSL NO BSL
108-88-3 Toluene 0.27 1,980 ug/L MW-303-27 38/91 0.25 - 50 1,980 0 100 2300 HHSL YES ASL

-81 m,p-Xylene (5) 0.5 3,400 ug/L GP-303-23 6/20 0.4 - 2 3,400 0 1,000 210 HHSL YES ASL

95-47-6 o-Xylene (5) 0.96 1,700 ug/L GP-303-23 4/20 0.2 - 2 1,700 0 1,000 1400 HHSL YES ASL

1330-20-7 Xylenes 0.2 5,300 ug/L GP-303-23A 44/71 0.4 - 3 5,300 0 1,000 200 HHSL YES ASL

Total Inorganics

7439-92-1 Lead (6) 1.85 440 ug/L MRP-MW2 12/37 1 - 1 440 11,800 15 15 MCL YES ASL

Total Petroleum Hydrocarbons (TPHs)

-34 Diesel Range Organics 76 J 21,400 ug/L HMW-303-5 58/89 96.2 - 2590 21,400 0 150 na na YES ASL

8006-61-9 Gasoline Range Organics 31 J 78,000 ug/L GP-303-23A 58/95 20 - 199 78,000 0 130 na na YES ASL

-35 Residual Range Organics 130 J 130 J ug/L 03-895 1/39 280 - 7430 130 0 110 na na YES ASL

Table 2-5

CAS
Number  Chemical

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater, Area 303
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(1) Minimum/maximum detected concentration.  
(2) Background is assumed to be zero for SVOCs, TPH, and VOCs.
      Lead background was taken from the Background Study Report for Adak Island (URS 1995b).
(3) Screening values are 1/10th of the AkCL, unless otherwise marked.  

      Deletion Reason:    BSL:  Below Screening Level 

(5) The following surrogate chemicals where used for screening values:
Chemical Name Surrogate Chemical
Benzo(g,h,i)perylene Pyrene
Acenaphthylene Acenaphthene
Phenanthrene Anthracene
m,p-Xylene Xylenes
o-Xylene Xylenes

(6) Lead is evaluated differently from other chemicals, and the screening value takes into account additive effects.  Therefore, the full value of the Alaska DEC Groundwater cleanup level for lead is reported on the table.

Notes:

Chemicals bolded exceeded their screening toxicity values.

-- = Compound has 100% detection frequency.
AkCL = Alaska Groundwater Cleanup Level
ARAR/TBC = applicable or relevant and appropriate requirement/to be considered
COPC = chemical of potential concern
J = estimated value
MCLs = maximum contaminant levels, EPA's Drinking Water Standards
g/L = microgram per liter
na = not available
NE = not established
HHSL = EPA Region 6 Human Health Screening Levels for Tap Water

(4) Rationale Codes:
      Selection Reason:   ASL:  Above Screening Level 

                                       IFD:  Infrequent Detection - less than 5 p

Table 2-5 (Continued)
Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater, Area 303
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Rationale for

Location Range of Concentration Potential Potential Contaminant

CAS       Minimum Minimum Maximum Maximum of Maximum Detection Detection Used for Background Screening ARAR/TBC ARAR/TBC COPC Deletion

Number Chemical Concentration (1) Qualifier Concentration (1) Qualifier Units Concentration Frequency Limits Screening Value (2) Value (3) Value Source Flag or Selection (4)

Semivolatile Organic Compounds (SVOCs)

191-24-2 Benzo(g,h,i)perylene (5) 0.067 0.067 mg/kg MW-303-35 1/28 0.0104 - 0.0427 0.067 0 250 2300 HHSL NO IFD, BSL
53-70-3 Dibenz(a,h)anthracene 0.1 0.1 mg/kg MW-303-35 1/28 0.0104 - 0.0427 0.1 0 0.09 0.015 HHSL NO IFD

206-44-0 Fluoranthene 0.0139 0.0355 mg/kg MW-303-27 6/28 0.0104 - 0.0443 0.0355 0 330 2300 HHSL NO BSL
193-39-5 Indeno(1,2,3-cd)pyrene 0.0738 0.0738 mg/kg MW-303-35 1/28 0.0104 - 0.0427 0.0738 0 0.9 0.15 HHSL NO IFD, BSL

Volatile Organic Compounds (VOCs)

95-63-6 1,2,4-Trimethylbenzene 0.0269 160 mg/kg MW-303-27 9/28 0.00553 - 0.0114 160 0 9.62 52 HHSL YES ASL

108-67-8 1,3,5-Trimethylbenzene 0.0113 76.6 mg/kg MW-303-27 9/28 0.00553 - 0.0114 76.6 0 2.85 21 HHSL YES ASL

83-32-9 Acenaphthene 0.329 0.329 mg/kg MW-303-30 1/28 0.0104 - 0.0443 0.329 0 500 3700 HHSL NO IFD, BSL
208-96-8 Acenaphthylene (5) 0.0485 0.0485 mg/kg MW-303-27 1/28 0.0104 - 0.0443 0.0485 0 500 3700 HHSL NO IFD, BSL
71-43-2 Benzene 0.00518 0.555 mg/kg MW-303-26 6/42 0.00166 - 11.4 0.555 0 0.64 0.66 HHSL NO BSL
100-41-4 Ethylbenzene 0.00845 203 mg/kg MW-303-31 14/42 0.00443 - 10 203 0 8.9 230 HHSL YES ASL

86-73-7 Fluorene 0.0133 0.25 mg/kg MW-303-30 6/28 0.0104 - 0.0443 0.25 0 330 2600 HHSL NO BSL
91-57-6 2-Methylnaphthalene 0.0162 1.42 mg/kg MW-303-31 7/28 0.0104 - 0.0443 1.42 0 166 120 HHSL NO BSL
91-20-3 Naphthalene 0.0208 1.53 mg/kg MW-303-27 7/28 0.0104 - 0.0443 1.53 0 9.2 120 HHSL NO BSL
85-01-8 Phenanthrene (5) 0.0147 0.269 mg/kg MW-303-30 6/28 0.0104 - 0.0443 0.269 0 2,490 22000 HHSL NO BSL
129-00-0 Pyrene 0.0201 0.0363 mg/kg MW-303-29 5/28 0.0104 - 0.0443 0.0363 0 250 2300 HHSL NO BSL
108-88-3 Toluene 0.08 216 mg/kg MW-303-31 7/42 0.00166 - 10 216 0 18 520 HHSL YES ASL

1330-20-7 Xylenes 0.0264 833 mg/kg MW-303-27 16/42 0.0111 - 10 833 0 8.1 210 HHSL YES ASL

Total Inorganics  
7439-92-1 Lead (7) 0.53 23.3 mg/kg MW-303-31 35/35 -- 23.3 10.9 400 400 HHSL NO BSL

Total Petroleum Hydrocarbons (TPHs)

-34 Diesel Range Organics 10.4 20,000 mg/kg MRP-MW1 30/63 4.28 - 1,100 20,000 0 825 na na YES ASL

8006-61-9 Gasoline Range Organics 3.9 J 6,830 mg/kg MW-303-31 18/44 0.3 - 500 6,830 0 140 na na YES ASL

-35 Residual Range Organics 29.5 929 mg/kg MW-303-29 8/28 26.7 - 152 929 0 830 na na YES ASL

Table 2-6
Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Soil, Area 303
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(1) Minimum/maximum detected concentration.
(2) Background is assumed to be zero for VOCs and TPHs.
     Total inorganic background values were taken from the Background Study Report for Adak Island (URS 1995b).
(3) Screening values are 1/10th of the Alaska DEC Soil Cleanup Levels (Method Two, over 40-inch zone), unless otherwise marked.

     Selection Reason:   ASL:  Above Screening Levels 
     Deletion Reason:    BSL:  Below Screening Level

                  IFD:  Infrequent Detection - less than 5 percent
(5) The following surrogate chemicals where used for screening values:

Chemical Name Surrogate Chemical
Benzo(g,h,i)perylene Pyrene
Acenaphthylene Acenaphthene
Phenanthrene Anthracene

(6) Lead is evaluated differently from other chemicals, and the screening value takes into account additive effects.  Therefore, the full value of the Alaska DEC soil cleanup level for lead is reported on the table.

Notes:
Chemicals bolded exceeded their screening toxicity value.
-- = Compound has 100% detection frequency
AkCL = Alaska Soil Cleanup Levels, Method Two, Over 40-inch Zone, excluding migration 
to groundwater
ARAR/TBC = applicable or relevant and appropriate requirement/to be considered
c = cancer endpoint
COPC = chemical of potential concern
na = not available
HHSL = EPA Region 6 Human Health Screening Levels for Residential Soil

(4) Rationale Codes:

Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Soil, Area 303
Table 2-6 (Continued)
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Table 2-7 
Chemicals Selected as Chemicals of Potential Concern 

 
COPC Groundwater Soil

1,2,4-Trimethylbenzene X X 
1,3,5-Trimethylbenzene X X 
Benzene X  
Bis(2-ethylhexyl)phthalate X  
Dibenz(a,h)anthracene X  
Ethylbenzene X X 
Naphthalene X  
Toluene X X 
Xylenes X X 
DRO X X 
GRO X X 
RRO X X 

 
Notes: 
COPC - chemical of potential concern 
DRO - diesel-range organics 
GRO - gasoline-range organics 
RRO - residual-range organics 
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3.0  EXPOSURE ASSESSMENT 

 
This section will evaluate sources, pathways, receptors, exposure duration and frequency, and 
routes of exposure to assess total human exposure to the substances of concern at the site.  The 
goal of this section is a calculated dose of chemical per body weight per day for each COPC, 
receptor, and exposure pathway combination.  Three elements are required in order to calculate 
dose.  First, a CSM must be developed that identifies exposure pathways and populations; 
second, estimates of media concentrations at the exposure point must be developed; and, third, 
factors must be selected that quantify the amount of exposure.  These exposure factors are then 
combined with the media concentrations to quantify a dose for each chemical. 

3.1 CONCEPTUAL SITE MODEL 

A CSM describes the sources of chemicals 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 chemicals.  This section provides a brief description of which environmental 
media have been impacted by chemical releases, a description of the site’s land uses, and a 
characterization of the exposed populations under both current and future conditions, as is 
required by EPA and Alaska DEC guidance (USEPA 1989 and Alaska DEC 2005).  The goal of 
the CSM is to provide an understanding of where the site-related chemicals are present and 
where they may be present in the future, so that the populations that could encounter the 
chemicals can be identified.  The pathways of exposure for these populations can then be 
selected for quantitative evaluation of health risks. 

3.1.1 Affected Media and Land Use 

The following media have been identified as containing detectable concentrations of chemicals 
associated with the former pipelines at Area 303: 

 Subsurface soil 
 Groundwater 

Soil and groundwater contamination is found in and near the former pipelines.  Groundwater 
elevations in monitoring wells in the vicinity of the facility indicate the presence of groundwater 
at two distinct zones.  The shallower zone, referred to as the “perched” groundwater zone, is 
present in an intermittent layer in the northern portion of the site at an average depth of 10 feet 
bgs.  This zone ranges from 5 to 18 feet bgs, depending on the depth of the organic-rich silt and 
clay layer that prevents downward migration of groundwater where the layer is located (see 
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discussion in Section 4 of the FFS report).  The deeper zone, referred to as the main groundwater 
aquifer, is at an average depth 20 to 25 feet bgs.  The deeper groundwater zone at the facility is 
hydrologically connected to the East Canal of the airport ditch system, which is adjacent to the 
southwest corner of Area 303.  In the southwest corner, the main groundwater aquifer is much 
shallower (this is the lowest portion of the site). 

While the groundwater plume from Area 303 has not yet reached the East Canal of the airport 
ditch system, petroleum contamination that may migrate from Area 303 could enter the 
northeastern part of the airport ditch (shown as East Canal on Figure H2-1) at some point in the 
future.  This portion of the ditch is upgradient from where petroleum from SWMU 62 is entering 
the airport ditch.  Samples of surface water and sediment at the seep location were not collected 
as part of the investigation of Area 303.  Previously collected samples from the ditch were 
evaluated as part of the SWMU 62, New Housing Fuel Leak risk assessment.  Based on the 
results of the HHRA for SWMU 62, total cancer risks and total petroleum hydrocarbon (TPH) 
and non-TPH noncancer hazards for combined exposures to sediment and surface water of the 
airport ditch are below target health goals. 

Groundwater in the vicinity of Area 303 (including both the perched groundwater zone and the 
main groundwater aquifer) is not currently being used as a drinking water source and is not 
anticipated to be so used in the future.  Drinking water for the area is currently obtained from a 
surface water source, Lake Bonnie Rose.  In addition, as discussed in the record of decision 
(ROD) for Operable Unit A (U.S. Navy, USEPA, and Alaska DEC 2000), institutional controls 
are currently in place for groundwater that restrict the use of groundwater as drinking water.  
Therefore, groundwater was not considered a drinking water source for the purposes of the risk 
assessment, and risks from drinking groundwater was not quantified in the assessment. 

Alaska DEC guidance (Alaska DEC 2005) requires that future land use scenarios be identified in 
order to estimate future exposures, as well as current exposures.  Currently, the land is not being 
used for any purpose.  However, according to The Aleut Corporation’s (TAC) reuse plans, the 
area is designated as commercial land use and is bordered by aviation land use to the west and 
public facilities and residential areas to the east (see Figure 2-2 in the FFS report).  Prior to the 
transfer of land from the U.S. government to TAC, the site was classified as commercial reuse by 
the Adak Reuse Corporation (ARC 2000).  The Navy anticipates that land use at the site will 
remain as it is currently, which is undeveloped.  Given the small population on the island (110 
full-time residents) and the large number of existing unused buildings, both commercial and 
residential, no changes in land use are likely for the foreseeable future. 
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3.1.2 Potentially Exposed Populations 

Based on the site’s land use, the following populations are selected for further discussion: 

 Current/future adult on-site workers 
 Future adult construction workers 
 Future child trespassers 

Area 303 currently has no regular uses by people other than minimal crossing of a small area 
between Main Road and the GCI Compound when there is a need to enter the compound (a 
distance of some 30 to 50 feet).  As noted above, future use of the site for commercial property is 
extremely unlikely, with the exception of the Air Terminal Building.  The Air Terminal 
Building, adjacent to the western edge of the site, is occupied daily.  There are some 
underground utility lines that run through portions of the area and may require maintenance at 
some point in the future.  Therefore, populations of concern for direct exposures to subsurface 
soils are construction workers involved in utility maintenance or future construction of a building 
or road in the area.  Construction workers are also a population of concern for exposure to 
groundwater in the areas where groundwater is shallower than 15 feet, and exposure may occur 
during intrusive activities (construction activities are assumed to go as deep as 15 feet bgs). 

While the groundwater plume from Area 303 has not reached the East Canal of the airport ditch 
system, petroleum contamination that may migrate from Area 303 could enter the northeastern 
part of East Canal at some point in the future.  No continuous fence or other type of access 
controls exists around Area 303.  Thus, trespassers, who may travel from the housing areas, are 
considered a future population of concern for exposure to surface water and sediment in the East 
Canal ditch, if the East Canal becomes impacted by petroleum contamination migrating from 
Area 303. 

3.1.3 Identification of Exposure Pathways 

Several possible pathways of exposure may exist at a site.  An exposure pathway is the 
mechanism by which a receptor (human) is exposed to chemicals from a source.  The following 
four elements constitute a complete exposure pathway: 

 A source and mechanism of chemical release 
 A retention or transport medium (e.g., soil) 
 A point of potential human contact with the affected medium 
 A means of entry into the body (e.g., ingestion) at the contact point 
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Only complete pathways containing all four elements result in exposures.  However, in some 
circumstances, an exposure pathway may be considered complete (i.e., meet all four elements 
outlined above), but insignificant.  An exposure pathway is considered complete but insignificant 
if one or more of the following conditions is met (USEPA 1989): 

 The exposure resulting from the pathway is much less than that from another 
pathway involving the same medium 

 The potential magnitude of exposure from a pathway is low or of limited 
toxicological importance 

 The probability of the exposure occurring is very low and the risks associated 
with the occurrence are not high 

Only complete and significant pathways of exposure are quantitatively evaluated in the risk 
assessment.  Complete, but insignificant, pathways of exposure generally do not require 
quantitative evaluation, but will be discussed qualitatively.  The CSM (Figure H3-1) depicts the 
complete pathways for this site.  In addition, the current and future exposure pathways 
considered for the characterization of the site are discussed in more detail. 

The rationale for selecting pathways for quantitative evaluation and eliminating pathways 
considered incomplete or relatively insignificant sources of risks are discussed in the following 
subsections. 

Inhalation of Soil and Groundwater Vapors by On-Site Workers 

The Air Terminal Building adjacent to the western edge of the site is occupied daily.  On-site 
workers of the Air Terminal Building could be exposed to volatile chemicals in groundwater and 
soil migrating through the subsurface into the indoor and outdoor air above.  However, the Air 
Terminal Building is upgradient of the groundwater plume (see Figure 4-13 in the FFS report).  
Soil and groundwater data collected from MW-303-34 and MW-303-35 in the vicinity of the 
building indicate that neither soil nor groundwater near the building have been impacted by 
petroleum contamination above the Alaska DEC cleanup levels.  Therefore, the indoor air 
pathway for the Air Terminal Building is insignificant and will not be evaluated, as discussed 
further in the uncertainty section (Section 6).  However, volatile chemicals have been identified 
as COPCs in soil and groundwater, and if a building were constructed in the future over the 
groundwater plume, then this pathway could be considered complete.  Currently, the Navy is 
aware of no specific plans to construct a building over a portion of the site.  Because there are no 
specific plans for a building to be constructed over the plume in the future and because of the 
uncertainties surrounding the estimation of a possible future building size and purpose, future 
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indoor air risks are not quantified.  However, the future indoor air pathway will be further 
discussed in the uncertainty section. 

Inhalation of soil and groundwater vapors in outdoor air is another potential exposure pathway to 
on-site workers and is considered complete, because some of the soil and groundwater COPCs 
meet the definition of a volatile chemical.  (EPA defines a volatile chemical as having a Henry’s 
Law constant [atm – m3/mol] greater than 10-5 and a molecular weight less than 200 grams per 
mole [g/mol] [USEPA 1996].)  However, because of the consistently windy weather conditions 
on Adak Island, vapors in outdoor air would rapidly disperse and are not likely to ever reach 
concentrations that would warrant a health concern.  Thus, exposures to soil and groundwater 
vapors in outdoor air, although a complete pathway, are considered insignificant, and this 
pathway is not quantitatively evaluated. 

Contact With Soil and Groundwater by Construction Workers 

Construction workers would disturb soil if they, for example, constructed a road or installed 
underground utilities through the area.  Therefore, current and future construction workers could 
be exposed to chemicals in subsurface soil (as deep as 15 feet bgs) by ingestion, dermal contact, 
and inhalation while performing work that involves soil disturbance.  Although significant 
amounts of dust generation are unlikely because of the wet weather conditions and saturated soils 
on Adak, this pathway is included in the quantitative evaluation for construction workers because 
of the active soil disturbance that occurs during construction. 

Subsurface soil disturbances during construction activities typically occur as deep as 15 feet bgs 
(Alaska DEC 2000a).  Groundwater in the main aquifer beneath the Area 303 site is generally 
greater than 15 feet bgs (on average approximately 20 to 25 feet bgs).  However, the perched 
groundwater zone in the northeastern portion of the site may be shallow (ranging in depth from 5 
to 18 feet bgs).  In addition, in the southwest corner, the main groundwater aquifer is much 
shallower (this is the lowest portion of the site), with depth to groundwater approximately 13 feet 
bgs.  Therefore, construction workers could come into direct contact with chemicals in perched 
groundwater and shallower main aquifer groundwater while performing work that involves soil 
disturbance.  Thus, construction workers were evaluated for dermal exposure to groundwater and 
inhalation of volatile chemicals vaporizing into the outdoor air. 

Contact With Surface Water and Sediments by Trespassers 

Surface water and sediment in the East Canal ditch could become impacted by petroleum 
contamination from Area 303 in the future.  Consequently, people who could potentially trespass 
in the East Canal during outdoor play activities could encounter petroleum compounds in the 
ditch, should it ever become impacted.  However, the airport runway area is restricted to airport 
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personnel, and the general public is not allowed in this area.  There is a fence between Eagle Bay 
Housing area and Main Road across from Area 303.  While the fence is not continuous, it would 
serve to prevent very young children from the nearest homes (approximately 800 feet from the 
East Canal) from having easy access.  For these two reasons, human contact with surface water 
and sediment would be limited.  In addition, trespass exposures would likely be infrequent and of 
short duration.  Trespasser exposures (children aged 6 to 12 years) to petroleum compounds in a 
section of the airport ditch just downgradient of Area 303 were evaluated in a previous risk 
assessment (SWMU 62) and health risks were not identified.  Therefore, though a potentially 
complete future pathway, trespass exposures to surface water and sediment from the East Canal 
are considered insignificant, based on the previous risk assessment work, and this pathway does 
not require quantification. 

Groundwater Used As Drinking Water 

As noted above, drinking water for the area is currently obtained from a surface water source, 
Lake Bonnie Rose, and the use of surface water as the sole drinking water source for the island is 
expected to continue.  Therefore, groundwater was not considered a drinking water source for the 
purposes of the risk assessment, and risks from drinking groundwater were not quantified in the 
assessment.  However, COPCs were selected for groundwater based on exceedances over 
drinking water screening levels (Alaska DEC cleanup levels).  The identification of groundwater 
as unacceptable for drinking is included in the summary and conclusions section of the risk 
assessment document. 

3.2 EXPOSURE-POINT CONCENTRATIONS 

To calculate a cancer risk or a noncancer hazard, an estimate must be made of the chemical 
concentration to which an individual may be exposed.  According to EPA (USEPA 1992b and 
1992c), the concentration term at the exposure point (the exposure-point concentration [EPC]) 
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 uncertainties surrounding the true average, EPCs 
will be the 95 percent upper confidence limit (95UCL) of the arithmetic mean as the appropriate 
estimate of the average site concentration for a reasonable maximum exposure (RME) scenario 
(Alaska DEC 2003b). 

The formula used to calculate a 95UCL depends on the distribution of the data, i.e., the “shape” 
of the curve (USEPA 1992c).  A statistical test was performed for each COPC’s data set to 
determine the best distribution assumption for the data set.  The 95UCL was calculated using 
EPA ProUCL software (USEPA 2004b).  All statistical program printouts and data used in the 
EPC calculations are included as Attachment H-1.  A summary of sampling locations included in 
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the EPC calculations is provided in Table 3-1 and are depicted on Figure H3-2 for the 
construction worker scenario.  A summary of EPCs used to evaluate construction worker 
exposures is included in Table 3-2. 

3.2.1 Data Used to Calculate Exposure Point Concentrations 

As discussed in Section 2, all of the available data (both historical and recent data) were included 
in the screening to select COPCs.  However, only the most recent data from each sampling 
location was used in the calculation of EPCs to most accurately reflect what current and future 
exposure conditions are likely to be at this site.  For groundwater, each of the wells included in 
this evaluation were sampled in 2006, except USGS wells GCI-3C, GCI-10, and GCI-11, which 
were sampled in 2003.  Therefore, the recent 2006 groundwater data (and the 2003 USGS 
groundwater data) were used in the calculation of groundwater EPCs.  For soil, 2006 data are 
only available from the 16 new wells that were installed during the 2006 sampling investigation.  
Soil data from the previously existing wells are much older, ranging in collection date from 1992 
to 1998.  However, because more recent data from these locations are not available, these older 
data were included in the EPC calculations.  Concentrations in soil have likely decreased since 
these earlier samples were collected.  The use of these data in the risk calculations is further 
discussed in the uncertainty section of this risk assessment.  

It is assumed that construction activities could occur anywhere on the site.  Therefore, subsurface 
soil and groundwater EPCs were calculated using the most recent data available from sampling 
locations within the construction worker exposure, as discussed below: 

 Direct Contact With Subsurface Soil – Construction activities are assumed to 
occur anywhere on the site and are assumed to occur as deep as 15 feet bgs.  
Therefore, the data from within the construction worker exposure area collected to 
a depth of 15 feet bgs were used to calculate EPCs for construction worker 
exposures to subsurface soil through the ingestion, dermal, and inhalation of 
fugitive dust pathways. 

 Direct Contact With Groundwater – Because construction activities are only 
assumed to occur as deep as 15 feet bgs, direct contact with groundwater would 
only occur in the portions of the site where groundwater is on average less than 
15 feet bgs.  As shown on Figure H3-2, direct contact with groundwater is 
expected to occur in the northern portion of the site where the perched 
groundwater layer has been observed and in the western portion of the site where 
groundwater in the main aquifer is shallowest.  Therefore, the most recent data 
from the sampling locations in these two areas of the site (see Figure H3-2) were 
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used to calculate EPCs for construction worker exposures to groundwater through 
the dermal pathway. 

 Inhalation of Vapors From Volatilizing From Subsurface Soil and 
Groundwater – While direct contact by construction workers is expected to occur 
as deep as 15 feet bgs, vapors from volatile chemicals in groundwater and 
subsurface soil could migrate through the subsurface from depths as deep as the 
water table.  Therefore, for the inhalation pathways, the most recent data from all 
of the sampling locations identified on Figure H3-2 were used to calculate EPCs 
for construction worker exposures to volatile COPCs in soil and groundwater 
through the inhalation of vapors pathway. 

3.2.2 Calculation of Exposure-Point Concentrations for Petroleum Compounds 

Alaska DEC recommends the surrogate approach for evaluating petroleum compounds.  The 
surrogate approach involves separation of the fuel mixtures (i.e., DRO) into aliphatic and 
aromatic carbon-range fractions and the use of surrogate compounds or derived values to 
represent the toxicity of those fractions.  Therefore, EPCs were calculated for each of the 
aromatic and aliphatic carbon-range fractions.  A percentage of the GRO and DRO soil and 
groundwater samples collected at the site were analyzed for their aliphatic and aromatic content 
using Washington Department of Ecology’s extractable petroleum hydrocarbons (EPH) and 
volatile petroleum hydrocarbons (VPH) methods.  The site-specific aromatic and aliphatic 
percentages obtained from this analysis were used to separate GRO and DRO total 
concentrations into concentrations of aliphatic and aromatic DRO and GRO. 

The site-specific aromatic and aliphatic percentages for soil and groundwater for each of the 
petroleum ranges (GRO, DRO, and RRO) are summarized in Table 3-3.  Aromatic and aliphatic 
percentages were only calculated for those samples where at least one of the fractions was 
detected.  As shown in Table 3-3, two average percent compositions were calculated for soil and 
groundwater.  The first average value was calculated by averaging all of the percent aliphatic and 
aromatic fractions for all samples with a detection of either the aliphatic or aromatic range.  The 
second average value was calculated by averaging all of the percent aliphatic and aromatic 
fractions for all samples with a detection of both the aliphatic and aromatic range.  The latter 
average percent composition value was used to calculate the EPCs for the petroleum compounds.  
This value results in the most conservative estimation of the site-specific percent composition of 
the fuel type at the site (particularly for GRO), because it does not include those samples that 
indicate that the fuel composition is 100 percent aliphatic and 0 percent aromatic.  The aromatic 
fraction is the most toxic fraction of the petroleum compounds.  Therefore, use of the second 
average value presented in Table 3-3 to calculate the EPCs would result in greater concentrations 
of the aromatic fraction than if the first average percent composition value were used. 
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In addition, at the request of Alaska DEC, the Alaska DEC default percentages were also used 
(Alaska DEC 2000b) to calculate EPCs for each of the aromatic and aliphatic carbon-fraction 
ranges (see Table 3-4).  Both the EPCs calculated using the site-specific and Alaska DEC default 
percent composition information were used in the risk calculations. 

3.3 CALCULATION OF CHEMICAL DOSE 

This section defines the magnitude, frequency, and duration of exposure for the populations and 
pathways selected for quantitative evaluation.  Doses were calculated assuming RME as defined 
by EPA and Alaska DEC.  The calculation of central tendency exposures was not done.  Cleanup 
actions are generally determined from RME risks and hazards.  The calculation of central 
tendency risks/hazards, therefore, was not done, because it is not necessary information for the 
assessment. 

The formulas and exposure factors that were used in concert with the EPCs to quantify dose for 
the complete pathways at the site are presented in Tables 3-5 and 3-6 and in Attachment H-2, 
which also indicate the source of the factors.  Where site-specific factors, rather than accepted 
defaults, were used, the rationale for their selection is discussed below.  

3.3.1 Exposure Duration and Frequency for Construction Workers 

The EPA (USEPA 2002a) default value for construction workers assumes an exposure duration 
of one year, during which workers are at a job site in a contaminated area for 250 days (exposure 
frequency).  However, on Adak Island, construction activities are not expected to occur 
throughout an entire year, because of inclement weather patterns.  Therefore, an exposure 
frequency of 9 months per year (190 days/year) was selected (USEPA 2002a) as a more 
appropriate site-specific exposure frequency for construction activities.  This assumes that 
construction activities will take place in the summer, spring, and fall and cease in the winter.  A 
construction worker exposure frequency of 190 days per year was used. 

3.3.2 Groundwater Emission Factors for Construction Workers 

For volatile chemicals in groundwater that could be inhaled during construction work, an upper-
bound volatilization factor (VF) is used and is based on workers in trenches flooded with 
groundwater off-gassing volatile organic compounds (VOCs).  A methodology developed by 
EPA was used to estimate a VF from water (VFw) (USEPA 1999).  The EPA method examines 
the mass of a chemical that could be transferred from water to air and assumes: 
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where: 
 
 klg = a conservative estimate of the overall mass transfer coefficient from the liquid phase 

to the gas phase of 3.0 x 10–6 m (USEPA 1999) 
 L = an average trench length of up to 30 m (USEPA 1999) 
 H = an average trench depth of 3 m (USEPA 1999) 
 µ = site-specific average wind speed of 14 mph (6.26 m/s) over a year’s time (URS 

1995b) 
 µL = air changes per day in the trench of 0.209/s, assuming the wind flow is in the 

direction of the trench (6.26 m/s  30 m) (USEPA 1999) 
 k = an air mixing rate between trench air and ambient air of 50 percent; uniform mixing 

of air occurs in the trench (USEPA 1999) 

On Adak, continuous winds average approximately 14 mph, with gusts up to 115 mph (URS 
1995b).  Adjusting the wind speed results in a VFw of 0.01 L/m3. 

3.3.3 Particulate Emission Factor for Soil 

The particulate emission factor (PEF) relates the concentration of chemicals in soil with the 
concentration of dust particles in the air, or “fugitive dust” (USEPA 1996).  A site-specific PEF 
was calculated for the site using the equation from EPA’s soil screening level guidance (USEPA 
2002a).  The emissions part of the equation is based on the “unlimited reservoir” model from 
Cowherd et al. (1985) developed to estimate particulate emissions owing to wind erosion (as 
cited in USEPA 1996).  The dispersion part of the equation includes a dispersion coefficient 
(Q/Cwind).  The variable, Q/Cwind, is dependent on the climatic zone and meteorology conditions 
at a site.  Therefore, site-specific dispersion factors can be calculated that reflect the site location 
and climate, as well as the site size.  The Alaska DEC (Alaska DEC 2004) default Q/C value for 
the “over 40-inch zone” of 82.72 g/m2-s per kg/m3 was used in the PEF equation.  Table 3-7 
summarizes the inputs for the PEF equation. 

The soil screening level guidance (USEPA 2002a) also provides a more complicated method for 
deriving a PEF for a construction scenario, which takes into account the amount of dust thrown 
into the air from vehicle traffic.  Detailed site-specific information required for input into this 
PEF equation was not available (i.e., length and width of construction roads, number and average 
weight of construction vehicles, etc.).  The simpler approach for estimating PEF, as described 
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above, was used instead.  If construction activities are planned at this facility in the future, 
particulate air concentrations should be recalculated using project-specific information. 

3.3.4 Volatilization Factor for Soil 

The soil-to-air VF is used to define the relationship between the concentration of the volatile 
contaminant in soil and the flux of the volatilized contaminant to air.  The VF only applies to 
volatile chemicals in soil, while the PEF, described above, only applies to nonvolatile chemicals.  
The Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites (USEPA 
2002a) provides a method for deriving chemical-specific VFs that are appropriate for evaluating 
exposures for subchronic outdoor inhalation of volatiles by construction workers.  The equation 
used to derive the VFs for the construction worker scenario is Equation 5-14 of the Supplemental 
Guidance and is shown in Table 3-7.  The VF equation combines chemical-specific properties 
with dispersion assumptions.  The default subchronic dispersion factor for volatiles factor, Q/Csa, 
was derived using EPA’s SCREEN3 dispersion model for a hypothetical site under a wide range 
of meteorological conditions.  Unlike the Q/C value for the PEF above, the Q/Csa can only be 
modified to reflect different site sizes.  It cannot be modified for climatic zone.  The default 
Q/Csa was used that assumes a 0.5-acre site.  The time interval, T, is the total time over which 
construction occurs in seconds.  For the construction worker scenario, a time interval of 3.2 x 107 
seconds (1 year x 365 days/year x 24 hours/day x 60 min/hour x 60 s/min) will be assumed, 
which is equal to the assumed exposure duration for the construction worker. 
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03-012 MRP-MW1 MW-303-35 MW-303-22 (B) MW-303-30 03-562
03-104 MRP-MW2 MW-303-36 MW-303-22 (B) MW-303-31 03-895
03-105 MRP-MW9 MW-303-37 MW-303-23 (C) MW-303-31 04-210
03-107 MW-303-22 (B) GP-303-22 MW-303-23 (C) MW-303-32 04-210
03-562 MW-303-23 (C) GP-303-22A MW-303-24 (B) MW-303-32 04-211
03-895 MW-303-24 (B) GP-303-22C MW-303-24 (B) MW-303-33 04-211
04-210 MW-303-25 GP-303-23 MW-303-25 MW-303-33 04-211
04-211 MW-303-26 GP-303-23A MW-303-26 MW-303-34 04-213
04-213 MW-303-27 GP-303-23B MW-303-26 MW-303-35 04-213
HMW-102-10 MW-303-28 GP-303-24 MW-303-27 MW-303-35 MRP-MW9
HMW-102-7 MW-303-29 GP-303-24A MW-303-27 MW-303-36 MRP-MW1
HMW-102-8 MW-303-30 04-100 MW-303-28 MW-303-37 MRP-MW2
HMW-303-11 MW-303-31 GCI-10 MW-303-28 03-012
HMW-303-12 MW-303-32 GCI-11 MW-303-29 03-104
HMW-303-5 MW-303-33 GCI-3C MW-303-29 03-105
HMW-303-6 MW-303-34 MW-303-30 03-107

03-012 MW-303-34 MW-303-22 (B) 03-012 MRP-MW1
HMW-102-10 MW-303-35 MW-303-25 03-562 MRP-MW2
HMW-102-7 MW-303-36 MW-303-27 HMW-102-10 MRP-MW2
HMW-102-8 MW-303-37 MW-303-28 HMW-102-8 MRP-MW2

MW-303-33 HMW-303-12 MRP-MW9
MW-303-34 HMW-303-12 MRP-MW9
MW-303-35 HMW-303-5 MRP-MW9
MW-303-35 HMW-303-6
MW-303-36 MRP-MW1
MW-303-37

Table 3-1
Summary of Sampling Locations Used to Calculate Exposure-Point Concentrations

Soil Ingestion, Dermal, and Fugitive Dust Exposures

Soil Vapor Inhalation Exposures

Groundwater Dermal Exposures

Groundwater Vapor Inhalation Exposures

 for Construction Worker Exposures
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COPC EPC Units Basis for EPC

Ethylbenzene 70.466241 mg/kg      99% Chebyshev (Mean, Sd) UCL
Toluene 65.82364 mg/kg      99% Chebyshev (Mean, Sd) UCL
Xylenes 312.35616 mg/kg      99% Chebyshev (Mean, Sd) UCL
1,2,4-Trimethylbenzene 82.656134 mg/kg      99% Chebyshev (Mean, Sd) UCL
1,3,5-Trimethylbenzene 14.435342 mg/kg      Hall's Bootstrap UCL                  
GRO 2099.3932 mg/kg      99% Chebyshev (Mean, Sd) UCL

C6-C10 Aliphatic (site specific) 1805.4781 mg/kg Assumes 86 percent Aliphatic
C6-C10 Aromatic (site specific) 293.91505 mg/kg Assumes 14 percent Aromatic
C6-C10 Aliphatic (ADEC Default) 1469.5752 mg/kg Assumes 70 percent Aliphatic
C6-C10 Aromatic (ADEC Default) 419.21538 mg/kg Assumes 50 percent Aromatic

DRO 838.43076 mg/kg      99% Chebyshev (Mean, Sd) UCL
C10-C21 Aliphatic (site specific) 704.28183 mg/kg Assumes 84 percent Aliphatic
C10-C21 Aromatic (site specific) 134.14892 mg/kg Assumes 16 percent Aromatic
C10-C21 Aliphatic (ADEC Default) 670.7446 mg/kg Assumes 80 percent Aliphatic
C10-C21 Aromatic (ADEC Default) 335.3723 mg/kg Assumes 40 percent Aromatic

RRO 201.13267 mg/kg      95% Chebyshev (Mean, Sd) UCL
C21-C35 Aliphatic (site specific) 201.13267 mg/kg Assumes 100 percent Aliphatic
C21-C35 Aromatic (site specific) 0 mg/kg Assumes 0 percent Aromatic
C21-C35 Aliphatic (ADEC Default) 181.0194 mg/kg Assumes 90 percent Aliphatic 
C21-C35 Aromatic (ADEC Default) 60.339801 mg/kg Assumes 30 percent Aromatic 

Benzene 30.479063 ug/L      99% Chebyshev (Mean, Sd) UCL
Ethylbenzene 869.53348 ug/L      99% Chebyshev (Mean, Sd) UCL
Toluene 937.71553 ug/L      99% Chebyshev (Mean, Sd) UCL
Xylenes 2714.6677 ug/L      99% Chebyshev (Mean, Sd) UCL
1,2,4-Trimethylbenzene 177.68874 ug/L      99% Chebyshev (Mean, Sd) UCL
1,3,5-Trimethylbenzene 248.19981 ug/L      99% Chebyshev (Mean, Sd) UCL
Naphthalene 37.180621 ug/L      99% Chebyshev (Mean, Sd) UCL

Bis(2-ethylhexyl)phthalate 4 ug/L
Maximum detected concentration (too few samples available 
to calculate a 95 UCL)

Dibenz(a,h)anthracene 0.1752922 ug/L      95% Chebyshev (Mean, Sd) UCL    
GRO 13369.938 ug/L      99% Chebyshev (Mean, Sd) UCL

C6-C10 Aliphatic (site specific) 8289.3613 ug/L Assumes 62 percent Aliphatic
C6-C10 Aromatic (site specific) 5080.5763 ug/L Assumes 38 percent Aromatic
C6-C10 Aliphatic (ADEC Default) 9358.9564 ug/L Assumes 70 percent Aliphatic
C6-C10 Aromatic (ADEC Default) 6684.9688 ug/L Assumes 50 percent Aromatic

DRO 9400.5413 ug/L      99% Chebyshev (Mean, Sd) UCL
C10-C21 Aliphatic (site specific) 3572.2057 ug/L Assumes 38 percent Aliphatic
C10-C21 Aromatic (site specific) 5828.3356 ug/L Assumes 62 percent Aromatic
C10-C21 Aliphatic (ADEC Default) 7520.433 ug/L Assumes 80 percent Aliphatic
C10-C21 Aromatic (ADEC Default) 3760.2165 ug/L Assumes 40 percent Aromatic

RRO -- ug/L
Chemical was not detected in most recent groundwater 
sample results

Soil

Groundwater (Inhalation Exposures)

Table 3-2
Summary of Exposure-Point Concentrations
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COPC EPC Units Basis for EPC

Benzene 2.36 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Ethylbenzene 2.1 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Toluene 1.54 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Xylenes 12.4 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

1,2,4-Trimethylbenzene 2.9 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

1,3,5-Trimethylbenzene 2.9 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Naphthalene 1.35 ug/L
Maximum detected concentration (too few samples available 
to calculate a 95 UCL)

Bis(2-ethylhexyl)phthalate -- ug/L Chemical not analyzed for in shallow zone wells
Dibenz(a,h)anthracene -- ug/L Chemical was not detected in shallow zone wells

GRO 902 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

C6-C10 Aliphatic (site specific) 514.14 ug/L Assumes 62 percent Aliphatic
C6-C10 Aromatic (site specific) 387.86 ug/L Assumes 38 percent Aromatic
C6-C10 Aliphatic (ADEC Default) 631.4 Assumes 70 percent Aliphatic
C6-C10 Aromatic (ADEC Default) 451 Assumes 50 percent Aromatic

DRO 1140 ug/L
Maximum detected concentration (too few samples available 
to calculate a 95 UCL)

C10-C21 Aliphatic (site specific) 433.2 ug/L Assumes 38 percent Aliphatic
C10-C21 Aromatic (site specific) 706.8 ug/L Assumes 62 percent Aromatic
C10-C21 Aliphatic (ADEC Default) 912 Assumes 80 percent Aliphatic
C10-C21 Aromatic (ADEC Default) 456 Assumes 40 percent Aromatic

RRO -- ug/L Chemical was not detected in shallow zone wells

Notes:
ADEC - Alaska Department of Environmental Conservation
DRO - diesel-range organics
EPC - exposure-point concentration
GRO - gasoline-range organics
ug/L - microgram per liter
mg/kg - milligram per kilogram
UCL - upper confidence limit

Groundwater (Dermal Exposures)

Table 3-2 (Continued)
Summary of Exposure-Point Concentrations
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Table 3-3 
Site-Specific Petroleum Compositions

 

Location 

Gasoline-Range Organics Diesel-Range Organics Residual-Range Organics 

C6-C10 Aliphatic C8-C10 Aromatic C10-C21 Aliphatic C10-C21 Aromatic C21-C34 Aliphatic C21-C34 Aromatic  

Soil (mg/kg) 
MW-303-27 51.945  100% 8.69 U 0% 16.9 U -- 16.9 U -- 16.9 U -- 16.9 U -- 
MW-303-27 4440  84% 816  16% 293.185  93% 21.77  7% 5.97 U -- 5.97 U -- 
MW-303-29 5.84 U -- 5.84 U -- 109.57  79% 29.55  21% 93  100% 6.26 U 0% 
MW-303-29 72.27  100% 12.7 U 0% 6.35 U -- 6.35 U -- 6.35 U -- 6.35 U -- 
MW-303-37 6.17 U -- 6.17 U -- 6.27 U -- 6.27 U -- 6.27 U -- 6.27 U -- 
MW-303-31 33.125  100% 12.2 U 0% 9.65 U -- 9.65 U -- 9.65 U -- 9.65 U -- 
MW-303-31 6100  85% 1090  15% 464.4  93% 36.7  7% 6.04 U -- 6.04 U -- 
MW-303-30 11.185  100% 6.51 U 0% 426.3  80% 105.8  20% 42.5  100% 6.55 U 0% 
MW-303-30 2618  87% 382  13% 934  77% 281.2  23% 23.9  100% 5.94 U 0% 
AVERAGE1 94% 6% 84% 16% 100% 0% 

AVERAGE2 86% 14% 84% 16% -- -- 

Groundwater (µg/L) 
04-210 2345   86% 373   14% 251 U -- 251 U -- 63 U -- 63 U -- 
HMW-102-8 50 U -- 25 U -- 148 U -- 148 U -- 61.5 U -- 61.5 U -- 
HMW-303-11 738   74% 262   26% 579   27% 1529   73% 64 U -- 64 U -- 
MRP-MW2 1289   49% 1360   51% 299.2   48% 322.5   52% 60.5 U -- 60.5 U -- 
MW-303-27 6600   54% 5670   46% 73.5 U -- 73.5 U -- 24.5 U -- 24.5 U -- 
MW-303-29 2390   100% 250 U 0% 75 U -- 75 U -- 25 U -- 25 U -- 
MW-303-30 7610   51% 7250   49% 72.75 U -- 72.75 U -- 24.25 U -- 24.25 U -- 
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Table 3-3 (Continued)  
Site-Specific Petroleum Compositions 

 

 

Location 

Gasoline-Range Organics Diesel-Range Organics Residual-Range Organics 

C6-C10 Aliphatic C8-C10 Aromatic C10-C21 Aliphatic C10-C21 Aromatic C21-C34 Aliphatic C21-C34 Aromatic  

Groundwater (µg/L) (cont.) 
MW-303-31 3380   60% 2280   40% 1049 U -- 1049 U -- 24.5 U -- 24.5 U -- 
MW-303-37 50 U -- 25 U -- 72.15 U -- 72.15 U -- 24.05 U -- 24.05 U -- 
AVERAGE1 68% 32% 38% 62% -- -- 

AVERAGE2 62% 38% 38% 62% -- -- 
 
1This average value was calculated by averaging all of the percent aliphatic and aromatic fractions for all samples with a detection of either the aliphatic or 
 aromatic range. 
2This average value was calculated by averaging all of the percent aliphatic and aromatic fractions for all samples with a detection of both the aliphatic and 
 aromatic range. 
 
Notes: 
The aliphatic and aromatic carbon fraction ranges were calculated from the 2006 EPH and VPH analysis results.  These data were reported in smaller carbon 
chain lengths than those that are representative of the petroleum fraction ranges for GRO, DRO and RRO and as presented in the table above. The data from the 
individual carbon fractions were summed to represent the total carbon fraction range representative of the petroleum fraction ranges for GRO, DRO and RRO.  
For samples with nondetected results in the smaller carbon chain length fractions, one-half the reporting limit was used in the summation; for samples where all 
of the smaller carbon chain length fractions analyzed were nondetect, the maximum reporting limit was used to represent the total carbon fraction range 
representative of the petroleum fraction ranges for GRO, DRO and RRO. 
 
DRO - diesel-range organics 
EPH – extractable petroleum hydrocarbon 
GRO - gasoline-range organics 
µg/L - microgram per liter 
mg/kg - milligram per kilogram 

RRO - residual-range organics 
U - not detected above reporting limit 
VPH - volatile petroleum hydrocarbon 
-- - no value calculated 
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Table 3-4 
Alaska DEC Default Petroleum Compositions 

 
Carbon Range Percent Aliphatic Percent Aromatic 

Gasoline-range organics (C6-C8) 70% 50% 
Diesel-range organics (C9-C24) 80% 40% 
Residual-range organics (>C24) 90% 30% 

Note that total composition adds up to greater than 100 percent.  Alaska Department of  
Conservation (Alaska DEC 2000b) recommends these percentages because of the  
uncertainties surrounding actual composition of weathered petroleum products. 
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Equations:

Chemical intake (mg/kg-day) = CW * SIF

SIFderm = CF1 • CF2 • SA •  EF • ET • ED • PC 
             BW • AT

SIFinh = CF1 • InhR • EF • ED •  VFw
                  BW • AT

Where:

SIFderm  (L-mg/g-kg-day) = summary intake factor for dermal contact with groundwater
SIFinh  (L-mg/g-kg-day) = summary intake factor for inhalation of groundwater vapors

Parameter Definition Value Unit Source
CW Chemical concentration in groundwater chemical specific g/L Analytical data
CF1 Conversion factor 1.00E-03 mg/g Not applicable
CF2 Conversion factor 1.00E-03 L/cm3 Not applicable
SA Skin surface area 3,300 cm2 Default value, USEPA 

2002a
PC Dermal permeability constant chemical specific cm/hr USEPA 2004c
InhR Inhalation rate 20 m3/day Default value, USEPA 

2002a
VFw Volatilization factor for water 0.01 L/m3 Site-specific, USEPA 

1999a
EF Exposure frequency 190 days/year Site-specific
ET Exposure time 8 hours/day Site-specific
ED Exposure duration 1 years Site-specific
BW Body weight 70 kg Default value, USEPA 

2002a
ATnc Averaging time (noncarcinogen) ED x 365 days/year days Default value, USEPA 

2002a
ATca Averaging time (carcinogen) 25,550 days Default value, USEPA 

2002a

Notes:
cm2 - centimeter squared L - liter
cm3 - cubic centimeter m3 - cubic meter
hr - hour g - microgram
kg - kilogram mg - milligram

Table 3-5
Construction Worker Exposures to Groundwater 

Exposure Assumptions and Intake Equations
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Equations:

Chemical intake (mg/kg-day) = CS * SIF

SIFing =  IR • CF • EF • ED 
       BW • AT

SIFderm = CF • SA • AF • ABS • EF • ED 
             BW • AT

SIFinh = InhR • EF • ED • (1/PEF or VF)
                  BW • AT

Where:

SIFing  (day-1) = summary intake factor for ingestion of soil
SIFderm  (day-1) = summary intake factor for dermal contact with soil

SIFinh  (day-1) = summary intake factor for inhalation of fugitive dust or soil vapors

Parameter Definition Value Unit Source
CS Chemical concentration in soil chemical specific mg/kg Analytical data
IR Ingestion rate 330 mg/day Default value, USEPA 2002a
CF Conversion factor 1.00E-06 kg/mg Not applicable
SA Surface area 3,300 cm2 Default value, USEPA 2002a
AF Soil to skin adherence factor 0.3 mg/cm2-day Default value, USEPA 2002a
ABS Absorption factor chemical specific unitless USEPA 2004c
InhR Inhalation rate 20 m3/day Default value, USEPA 2002a
PEF Particulate emission factor 5.09E+08 m3/kg Site-specific, USEPA 2002a
VF Volatilization factor chemical specific m3/kg Site-specific, USEPA 2002a
EF Exposure frequency 190 days/year Site-specific
ED Exposure duration 1 years Default value, USEPA 2002a
BW Body weight 70 kg Default value, USEPA 2002a
ATnc Averaging time (noncarcinogen) ED x 365 days/year days Default value, USEPA 2002a

ATca Averaging time (carcinogen) 25,550 days Default value, USEPA 2002a
Notes:
cm2 - centimeter squared m3 - cubic meter
kg - kilogram mg - milligram

Table 3-6
Construction Worker Exposures to Soil

Exposure Assumptions and Intake Equations



FINAL FFS REPORT, REVISION 1 Appendix H 
Area 303, Former Adak Naval Complex Section 3.0  
Naval Facilities Engineering Command Northwest Revision No.:  1 
Contract No. N44255-09-D-4001 Date:  8/11/11 
Delivery Order 0007 Page 3-23 
 
 
 

 

Table 3-7 
Summary of Volatilization Factor and Particulate 

Emission Factor Inputs and Equations
 

Parameter Definition (units) Value Source
DA = {[(qa

10/3 x Di x H’) + (qw
10/3 x Dw)]/n2} / {pbkocfoc + qw + qaH’}  

qa Air-filled soil porosity (Lair/Lsoil) 0.28 Default value (USEPA 2002a) 
Di Diffusivity in air (cm2/s) Chemical specific Table 37 page 137 of USEPA 1996

H’ Henry’s Law constant (unitless) Chemical specific Table 36 page 134 of USEPA 1996
qw Water-filled soil porosity (Lwater/Lsoil) 0.15 Default value (USEPA 2002a) 
Dw Diffusivity in water (cm2/s) Chemical specific Table 37 page 137 of USEPA 1996

n Total soil porosity (Lpore/Lsoil) 0.43 1-(pb/ps) 
pb Dry soil bulk density (g/cm3) 1.5 Default value (USEPA 2002a) 

ps Soil particle density (g/cm3) 2.65 Default value (USEPA 2002a) 

koc Soil organic carbon-water partition 
coefficient (cm3/g) 

Chemical specific Table 39 page 143 of USEPA 1996. 
The larger of the calculated Koc or 
measured Koc was used. 

foc Organic carbon content (g/g) 0.006 Default value (USEPA 2002a) 
VF = Q/C x (1/FD)* x [(3.14xDA x T)1/2 /(2 x pb x DA)] x 10-4

   * The FD factor is only used with the Q/Csa dispersion 
coefficient 
Q/Cvol [Q/Csa] Dispersion coefficient for volatiles 

[subchronic dispersion coefficient] (g/m2-s 
per kg/m3) 

82.72 [14.31] ADEC default value for “over 40-
inch zone” (ADEC 2002).  Value in 
brackets is the EPA’s subchronic 
dispersion coefficient default from 
Exhibit D-3 (USEPA 2002a). 

FD Dispersion correction factor (unitless) The 
FD factor is only used with the Q/Csa 
dispersion coefficient. 

0.19 Default value (USEPA 2002a) 

T (on-site 
worker) 

Exposure interval (s) 9.5 x 108 Default value (USEPA 2002a) 

T (construction 
worker) 

Exposure interval (s) 3.2E+07 Total time over which construction 
occurs; site specific. 

pb Dry soil bulk density (g/cm3) 1.5 Default value (USEPA 2002a) 
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Table 3-7 (Continued)  
Summary of Volatilization Factor and Particulate 

Emission Factor Inputs and Equations 
 

 

Parameter Definition (units) Value Source
PEF = [Q/Cwind x 3600] / [0.036 x (1-V) x (Um/Ut)

3 x 
F(x)] 

  

Q/Cwind Dispersion coefficient for fugitive dust 
(g/m2-s per kg/m3) 

82.72 ADEC default value for “over 40-
inch zone” (2002a). 

V Fraction of vegetative cover (unitless) 0.5 Default value (USEPA 2002a) (1)

Um Mean annual windspeed (m/s) 6.24 Site specific 
Ut Equivalent threshold value of windspeed at 

7 m (m/s) 
11.32 Default value (USEPA 2002a) 

F(x) Function dependent on Um/Ut  0.194 Default value (USEPA 2002a) 
PEF Particulate emission factor (m3/kg) 5.09E+08 Calculated 

1Although the default value is listed here, this value is representative of the area evaluated. 
 
Notes: 
ADEC - Alaska Department of Environmental Conservation 
g - gram 
g/m2-s - gram per square meter per second 
kg - kilogram 
m3/kg - cubic meter per kilogram 
m/s - meter per second 
s - second 



FINAL FFS REPORT, REVISION 1 Appendix H 
Area 303, Former Adak Naval Complex Section 4.0  
Naval Facilities Engineering Command Northwest Revision No.:  1 
Contract No. N44255-09-D-4001 Date:  8/11/11 
Delivery Order 0007 Page 4-1 
 
 
 

 

4.0  TOXICITY CRITERIA 

The purpose of the toxicity assessment is to weigh the available and relevant evidence regarding 
the potential for chemicals to cause adverse health effects in exposed individuals and to provide 
a quantitative estimate of the relationship between the magnitude of exposure and the likelihood 
of adverse effects (USEPA 1989).  A fundamental principle of toxicology is that the dose 
determines the severity of the effect.  Accordingly, the toxicity criteria describe the quantitative 
relationship between the dose of a chemical and the type and incidence of the toxic effect.  This 
relationship is referred to as the dose-response.  The types of toxicity criteria are described in the 
following subsections.  Tables 4-1 and 4-2 present toxicity criteria used in this assessment.  
Attachment H-3 contains discussions of the specific criteria and associated health effects for 
each COPC.  These criteria are from the EPA’s on-line database, Integrated Risk Information 
System (IRIS) (USEPA 2006).  Where IRIS criteria were not available, other EPA sources of 
toxicity criteria were investigated.  The hierarchy used to select toxicity criteria is as follows 
(ADEC 2005): 

1. EPA’s IRIS database 

2. EPA’s Provisional Peer Reviewed Toxicity Values 

3. Health Effects Assessment Summary Table (HEAST) 

4. Agency for Toxicological Substances and Disease Registry (ATSDR) minimal 
risk levels 

5. California EPA toxicity values 

6. Other peer-reviewed documents, as approved by Alaska DEC 

For the petroleum compounds, the toxicity criteria recommended by Alaska DEC for each of the 
fractions was used (ADEC 2004). 

4.1 ORAL TOXICITY CRITERIA 

A dose-response evaluation is the process of quantitatively evaluating toxicity information and 
characterizing the relationship between the dose of the chemical and the incidence of adverse 
health effects in the exposed population.  From this quantitative dose-response relationship, 
toxicity criteria are derived that can be used to estimate the potential for adverse health effects as 
a function of exposure to the chemical.  Toxicity values are combined with the summary intake 
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factors listed in Tables 3-5 and 3-6 and are used to calculate human risks for various exposure 
scenarios.  Exposure to chemicals can result in cancer or noncancer effects, which are 
characterized separately.  Essential dose-response criteria are the EPA slope factor (SF) values 
for assessing cancer risks and the EPA-verified reference dose (RfD) values for evaluating 
noncancer effects. 

4.1.1 Cancer Effects 

The cancer SF (expressed as (mg/kg-day)-1) expresses excess cancer risk as a function of dose.  
The dose-response model is based on high- to low-dose extrapolation and assumes that there is 
no lower threshold for the initiation of toxic effects.  Specifically, cancer effects observed at high 
doses in laboratory animals or from occupational or epidemiological studies are extrapolated, 
using mathematical models, to low doses common to environmental exposures.  These models 
are essentially linear at low doses, such that no dose is without some risk of cancer.  The cancer 
SFs for each of the COPCs are presented in Table 4-1. 

4.1.2 Noncancer Effects 

Chronic RfDs are defined as an estimate of a daily exposure level for the human population, 
including sensitive subpopulations that is likely to be without appreciable risk of noncancer 
effects during a lifetime of exposure (USEPA 1989).  Chronic RfDs are specifically developed to 
be protective for long-term exposure to a chemical and are generally used to evaluate the 
potential noncancer effects associated with exposure periods of 7 years to a lifetime.  RfDs are 
expressed as mg/kg-day and are calculated using lifetime average body weight and intake 
assumptions.  The noncancer toxicity criteria are presented in Table 4-2. 

RfD values are derived from experimental data on the no-observed-adverse-effect level 
(NOAEL) or lowest-observed-adverse-effect level (LOAEL) in animals or humans.  The 
NOAEL is the highest tested chemical dose given to animals or humans that has not been 
associated with any adverse health effects.  The LOAEL is the lowest chemical dose at which 
health effects have been reported.  RfDs are calculated by dividing the NOAEL or LOAEL by a 
total uncertainty factor, which represents a combination of individual factors for various sources 
of uncertainty associated with the database for a particular chemical or with the extrapolation of 
animal data to humans.  IRIS also assigns a level of confidence in the RfD.  The level of 
confidence is rated as either high, medium, or low based on confidence in the study and 
confidence in the database.  RfDs for subchronic, rather than chronic, exposures have been 
developed for some chemicals. 

Chronic RfDs as discussed above are generally used in the evaluation of exposures, because the 
long-term exposure (7 years to a lifetime) to relatively low chemical concentrations are of 
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greatest concern for most populations.  However, for the construction worker scenario evaluated 
in this assessment, EPA guidance (USEPA 2002a) recommends evaluating construction 
exposures over a 1-year duration.  A 1-year time frame is defined by EPA (USEPA 1989) as a 
subchronic exposure (i.e., lasting between 2 weeks and 7 years).  RfDs are designed to be 
protective over a lifetime and reflect the safe dose level for chronic, rather than subchronic 
exposures.  Therefore, according to EPA (see Section 5.3.1 of USEPA 2002b), construction 
worker noncancer hazards should be evaluated using subchronic RfDs (cancer risks are not 
affected because all cancer risks are evaluated based on lifetime exposure).  EPA’s Health 
Effects Assessment Summary Tables (USEPA 1997) is the only published EPA source of 
subchronic criteria.  However, subchronic criteria have been calculated by EPA since 1997 for 
specific chemicals.  The ATSDR has minimum risk levels (MRLs) for intermediate exposures 
(defined as >14 – 364 days).  However, these MRLs do not necessarily use the same information 
as EPA RfDs and don’t always correspond to EPA values.  Therefore, they are difficult to use 
with EPA toxicity criteria, as they often do not represent an “apples to apples” comparison with 
EPA criteria. 

In EPA’s methodology used to derive chronic RfDs, uncertainty factors (UFs) are applied to the 
NOAEL or LOAEL of the critical research study.  These UFs are used to address the 
uncertainties/variabilities that are present in the data set for each individual chemical (see 
Section 4.4.5 of USEPA 2002b).  The uncertainty factors (up to 5) are assigned values of either 
10 or 3.  These values are multiplied together, and then the critical study NOAEL or LOAEL is 
divided by the total UF (see Section 4.4.5 of USEPA 2002b).  In general, EPA has estimated 
subchronic criteria from chronic criteria by removing the UF of 10 to account for the use of a 
subchronic study to estimate chronic exposure.  Therefore, the vast majority of the subchronic 
criteria presented in HEAST are an order of magnitude larger than their corresponding chronic 
values. 

In this assessment, subchronic criteria were used to evaluate construction worker exposures.  The 
subchronic criteria were obtained from the following sources.  The subchronic toxicity values 
selected for use in the risk assessment were submitted to EPA’s National Center for 
Environmental Assessment (NCEA) by Alaska DCE.  Alaska DEC approved the use of those 
subchronic toxicity criteria following approval from NCEA. 

1. HEAST:  Subchronic criteria from HEAST were used if the chronic RfD has not 
been updated since 1997 (i.e., the subchronic criteria is based on the same critical 
study as the chronic criteria). 

2. IRIS:  Where the chronic criteria have been updated since 1997 and are in IRIS, 
the IRIS file was reviewed.  If a UF was used to decrease a chronic value to 
account for subchronic to chronic exposure, that UF was removed to obtain a 
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subchronic criteria.  In addition, if the NOAEL or LOAEL was adjusted from a 
5-day exposure to a 7-day exposure, that adjustment was removed to reflect the 
worker population of concern (see Sections 4.4.2 and 4.4.3 in USEPA 2002b). 

3. National Center for Environmental Assessment (NCEA):  Where the source of the 
chronic criteria is the NCEA (this information is listed on EPA’s Region 6 HHSL 
list), the backup documentation that NCEA used to derive the chronic criteria was 
reviewed to evaluate whether sufficient information was provided to make an 
adjustment to the chronic value as described above under bullet number two. 

Where information is insufficient to derive a subchronic value, the chronic RfD was used to 
evaluate hazards, as was the case for the petroleum fraction toxicity criteria.  The petroleum 
fraction toxicity criteria values presented in ADEC guidance were not adjusted because of their 
status in State guidance and because of insufficient information on how those values were 
derived.  Table 4-2 summarizes the chronic RfDs, the subchronic RfDs, as well as the sources 
and methods used to derive the subchronic criteria for each COPC. 

4.2 INHALATION TOXICITY CRITERIA 

The criteria for inhalation are reference concentrations (RfCs) expressed in milligrams of 
chemical per cubic meter of air (mg/m3) for noncarcinogens and unit risk factors (URFs) 
expressed in cubic meters of air per microgram of chemical (m3/µg) for carcinogenic exposures.  
RfCs and URFs are developed in the same manner as RfDs and SFs except they include, as part 
of their development, a default inhalation rate assumption of 20 m3 of air inhaled per day.  
Because the default inhalation rate is not applicable to all the receptors in this risk assessment, 
RfCs and URFs were converted into reference doses for inhalation (RfDi) and inhalation slope 
factors (SFi) according to the protocols presented by EPA (USEPA 1989 and 2004a).  The 
conversions are as follows: 

RfDi (mg/kg-day) = RfC (mg/m3) x 20 (m3/day) x 1 / 70 (kg) 

SFi (kg-day/mg) = URF (m3/µg) x 1 / 20 (day/m3) x 70 (kg) x 103 (µg/mg) 

Subchronic inhalation RfDs were developed in the same manner as the oral subchronic RFDs 
described in Section 4.1 to evaluate construction worker inhalation exposures.  Chemical-
specific information is provided in Attachment H-3. 
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4.3 DERMAL TOXICITY CRITERIA 

Most oral RfDs and slope factors are expressed as an administered dose (i.e., the amount of 
substance taken into the body by swallowing).  In contrast, exposure estimates for the dermal 
route of exposure are expressed as an absorbed dose (i.e., the amount of chemical that is actually 
absorbed through the skin).  Because dermal toxicity criteria are not readily available, oral 
toxicity values are used in conjunction with an absorption correction factor to adjust for the 
difference in administered to absorbed dose.  The magnitude of the dermal absorption correction 
factor is inversely proportional.  For example, assume a chemical has an oral (administered) RfD 
of 10 mg/kg-day.  If 100 percent of the administered safe dose is absorbed, then the absorbed 
dose will be equal to 10 mg/kg-day.  If only 50 percent of the administered safe dose is absorbed, 
then the absorbed safe dose is 50 percent less, or 5 mg/kg-day.  Therefore, essentially only half 
of the amount of chemical that is actually swallowed will cause adverse effects, because only 
half is actually absorbed into the body.  EPA recommends absorption correction factors for a 
limited amount of inorganic chemicals in Exhibit 4-1 of Part E, Supplemental Guidance for 
Dermal Risk Assessment (USEPA 2004a).  For those chemicals that do not appear on the table, 
the recommendation is to assume 100 percent absorption (USEPA 2004a).  In other words, the 
dermal toxicity criteria would not differ from the oral toxicity criteria. 

In this instance, none of the selected COPCs have recommended absorption correction factors.  
Therefore, the default assumption of 100 percent absorption was used.  Assuming 100 percent 
absorption is a nonconservative approach (USEPA 1989).  However, for organics, review of 
current literature indicates that organic chemicals are generally well absorbed (greater than 
50 percent) across the GI tract (USEPA 2004a).  Therefore, the assumption of 100 percent 
absorption for organic chemicals is reasonable. 
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Table 4-1 
Carcinogenic Toxicity Criteria for the Chemicals of Potential Concern 

 

Chemical 

Oral Cancer: 
Slope Factor 
(mg/kg-day)-1 

Inhalation Cancer:
Slope Factor 
(mg/kg-day)-1 Tumor Type 

EPA Cancer 
Classificationa Reference 

1,2,4-Trimethylbenzene None None NA EPA Group D carcinogen USEPA 2006 
1,3,5-Trimethylbenzene None None NA EPA Group D carcinogen USEPA 2006 
Benzene 0.055 0.027 Leukemia (human) EPA Group A carcinogen USEPA 2006 
Bis(2-ethylhexyl)phthalate None 0.014 Hepatocellular 

carcinoma and adenoma 
(male mice) 

EPA Group B2 carcinogen USEPA 2006 

Dibenzo(a,h)anthracene 7.3 3.1 Forestomach, larynx, 
and esophagus tumors 
(oral); pharynx, larynx 
tumors (inhalation) 

EPA Group B2 carcinogen USEPA 2006 (oral)
USEPA 1994 
(inhalation) 

Ethylbenzene None None NA EPA Group D carcinogen USEPA 2006 

Naphthalene None None NA Cannot be determined USEPA 2006 
Xylenes None None NA EPA Group D carcinogen USEPA 2006 
DRO aliphatics None None NA Not classified ADEC 2004 
DRO aromatics None None NA Not classified ADEC 2004 
GRO aliphatic None None NA Not classified ADEC 2004 
GRO aromatics None None NA Not classified ADEC 2004 
RRO aliphatic None None NA Not classified ADEC 2004 
RRO aromatics None None NA Not classified ADEC 2004 
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Table 4-1 (Continued) 
Carcinogenic Toxicity Criteria for the Chemicals of Potential Concern 

 
 
a 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 
 
Notes: 
DRO - diesel-range organics 
EPA - U.S. Environmental Protection Agency 
GRO - gasoline-range organics 
mg/kg-day - milligram per kilogram per day 
NA - not applicable 
RRO - residual-range organics 
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Chemical

Chronic 
RfD 

(mg/kg-
day) Toxic Endpoint Critical Study

Chronic 

RfD UFa
RfD

Source Adjustment from Chronic to Subchronic

Subchronic
RfD

(mg/kg-day)

EPA Subchronic

Sourceb

Inhalation Exposures
1,2,4-Trimethylbenzene 0.0017 CNS symptoms Subchronic human 

occupational
3,000 NCEA Remove UF of 10 for subchronic to chronic 0.017 NCEA (SRC TR-02-021/09-

19-2002)
1,3,5-Trimethylbenzene 0.0017 CNS symptoms Subchronic human 

occupational
3,000 NCEA Remove UF of 10 for subchronic to chronic 0.017 NCEA (SRC TR-02-021/09-

19-2002)
Benzene 0.009 Decreased lymphocyte count Subchronic human 

occupational
300 IRIS No adjustment for subchronic warranted, primary 

study is already occupational
0.009

bis(2-ethylhexyl)phthalate none -- -- IRIS 0.003 NCEA (96-013a/03-18-96)
Dibenzo(a,h)anthracene nonec -- -- -- -- -- --
Ethylbenzene 0.29 Developmental toxicity Subchronic female rats 300 IRIS Based on developmental effects during gestational 

exposures.  No subchronic to chronic UF used; 
therefore, no subchronic value proposed.

0.29

Naphthalene 0.00086 Nasal effects Chronic mouse 3,000 IRIS Remove adjustment from 5 to 7 daysd 0.0043
Xylenes 0.029 Hyperactivity, decreased body 

weight, and increased mortality
Subchronic male rats 300 IRIS Remove UF of 3 for subchronic to chronic 0.09

DRO aliphatics 0.29 Hepatic and hematological 
changes

NA NA ADEC 2004 0.29

DRO aromatics 0.06 Decreased body weight NA NA ADEC 2004 0.06
GRO aliphatics 5.3 Neurotoxicity NA NA ADEC 2004 5.3
GRO aromatics 0.11 Hepatotoxicity and 

nephrotoxicity
NA NA ADEC 2004 0.11

RRO aliphatics 2 Neurotoxicity NA NA ADEC 2004 2
RRO aromatics 0.03 Hepatotoxicity and 

nephrotoxicity
NA NA ADEC 2004 0.03

Oral Exposures
1,2,4-Trimethylbenzene 0.05 Decreased body weight Subchronic rats 3,000 NCEA Remove UF of 10 for subchronic to chronic 0.5 NCEA (SRC TR-02-021/09-

19-2002)
1,3,5-Trimethylbenzene 0.05 Decreased body weight Subchronic rats 3,000 NCEA Remove UF of 10 for subchronic to chronic 0.5 NCEA (SRC TR-02-021/09-

19-2002)
Benzene 0.004 Decreased lymphocyte count Subchronic human 

occupational
300 IRIS No adjustment for subchronic warranted, primary 

study is already occupational
0.004

bis(2-ethylhexyl)phthalate 0.02 Increased liver weight Subchronic to chronic guinea 
pig bioassay

1,000 IRIS 0.02 NCEA (96-013b/03-28-96)

Table 4-2
Noncarcinogenic Chronic and Subchronic Toxicity Criteria for the Chemicals of Potential Concern

The petroleum fraction RfD values presented in 
ADEC guidance were not adjusted because of their 
status in State guidance and because of insufficient 
information on how those values were derived.  
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Chemical

Chronic 
RfD 

(mg/kg-
day) Toxic Endpoint Critical Study

Chronic 

RfD UFa
RfD

Source Adjustment from Chronic to Subchronic

Subchronic
RfD

(mg/kg-day)

EPA Subchronic

Sourceb

Oral Exposures (cont.)
Dibenzo(a,h)anthracene nonec -- -- -- -- -- --
Ethylbenzene 0.10 Liver and kidney toxicity Subchronic mouse 1,000 IRIS Remove UF of 10 for subchronic to chronic 1
Naphthalene 0.02 Decreased body weight Subchronic rat 3,000 IRIS Remove UF of 10 for subchronic to chronic 0.2
Xylenes 0.2 Hyperactivity, decreased body 

weight, and increased mortality
Chronic rat 1,000 IRIS Remove adjustment from 5 to 7 daysd 0.25

DRO aliphatics 0.1 Hepatic and hematological 
changes

NA NA ADEC 2004 0.1

DRO aromatics 0.04 Decreased body weight NA NA ADEC 2004 0.04
GRO aliphatics 5.00 Neurotoxicity NA NA ADEC 2004 5.00
GRO aromatics 0.2 Hepatotoxicity and 

nephrotoxicity
NA NA ADEC 2004 0.2

RRO aliphatics 2.00 Neurotoxicity NA NA ADEC 2004 2.00
RRO aromatics 0.03 Hepatotoxicity and 

nephrotoxicity
NA NA ADEC 2004 0.03

aEPA indicates that there are generally 5 areas of uncertainty where an application of a UF may be warranted
1 variation between species (applied when extrapolating from animal to human)
2 variation within species (applied to account for differences in human response and sensitive subpopulations)
3 use of a subchronic study to evaluate chronic exposure
4 use of a LOAEL, rather than a NOAEL
5 deficiencies in the data base

bIf a subchronic value was obtained from a published source, rather than calculated, the source is listed in this column
cThis chemical is not a concern based on noncancer health effects.  Therefore, there are no noncancer toxicity criteria for this chemical. 
dEPA adjusted the 5-day per week exposure of the NOAEL to a 7-day NOAEL to account for continuous exposure (chronic), rather than subchronic, exposures

Notes:
ADEC - Alaska Department of Conservation
DRO - diesel-range organics
GRO - gasoline-range organics
IRIS - EPA's Integrated Risk Information System (on-line data base) (USEPA 2006a)
LOAEL - lowest-observed-adverse-effect level
NA - not applicable
NCEA - EPA's National Center for Environmental Assessment
NOAEL - no-observed-adverse-effect level
RfD - reference dose
RRR - residual-range organics
UF - uncertainty factor

The petroleum fraction RfD values presented in 
ADEC guidance were not adjusted because of their 
status in State guidance and because of insufficient 
information on how those values were derived.  

Table 4-2 (Continued)
Noncarcinogenic Chronic and Subchronic Toxicity Criteria for the Chemicals of Potential Concern
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5.0  RISK CHARACTERIZATION 

Risk characterization is the summarizing step of risk assessment.  In the risk characterization, the 
toxicity values (RfDs and SFs) are applied in conjunction with the concentrations of COPCs and 
summary intake assumptions to estimate cancer risks and health hazards other than cancer.  This 
section describes the methods that were used to calculate risks and hazards and the target health 
goals that were used to evaluate the results of the risk calculations for the site. 

5.1 METHODOLOGY FOR EVALUATING NONCANCER HAZARDS 

The potential for adverse health effects other than cancer (noncancer effects) will be 
characterized by dividing estimated chemical intakes by chemical-specific RfDs.  The resulting 
ratio is the hazard quotient (HQ), derived as follows: 

day)-(mg/kg RfD
day)-(mg/kg Intake ChemicalHQ   

EPA and Alaska DEC risk assessment guidelines (USEPA 1989 and Alaska DEC 2000a and 
2005) consider the additive effects associated with simultaneous exposure to several chemicals 
by specifying that all HQs initially be summed across exposure pathways and chemicals to 
estimate the total hazard index (HI).  An HI was calculated separately for each scenario and for 
each exposed population.  This summation conservatively assumes that the toxic effects of all 
chemicals would be additive, or, in other words, that all chemicals cause the same toxic effect 
and act by the same mechanism.  Per Alaska DEC guidance (Alaska DEC 2002), hazard results 
for GRO, DRO, and RRO were not summed with the other chemicals 

If the total HI is less than or equal to 1, multiple-pathway exposures to COPCs at the site are 
considered unlikely to result in an adverse effect.  If the total HI is greater than 1, further 
evaluation of exposure assumptions and toxicity, including consideration of specific affected 
target organs and the mechanisms of toxic actions of COPCs, was conducted to ascertain 
whether the cumulative exposure would in fact be likely to harm exposed individuals. 

5.2 METHODOLOGY FOR EVALUATING CANCER RISKS 

The potential for carcinogenic effects will be evaluated by estimating the probability of 
developing cancer over a lifetime based on exposure assumptions and chemical-specific toxicity 
criteria.  The increased likelihood of cancer as a result of exposure to a particular chemical is 
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defined as the excess cancer risk (i.e., in excess of a background cancer risk of one chance in 
three [0.3, or 3 x 10–1] for every American female and one chance in two [0.5, or 5 x 10–1] for 
every American male of eventually developing cancer [ACS 2001]).  Excess lifetime cancer risk 
was estimated by multiplying the estimated chemical intake by the cancer SF, as follows: 

Cancer Risk = Chemical Intake (mg/kg-day) x SF (mg/kg-day)–1 

This formula applies to cancer risks lower than 1 x 10–2 (1 in 100).  All cancer risks in this 
assessment were lower than 1 x 10–2. 

The risks resulting from exposure to multiple carcinogens were assumed to be additive.  The 
total cancer risk was estimated by summing the estimated risks for each COPC and for each 
exposure pathway.  Alaska DEC’s target acceptable excess cancer risk is 1 x 10–5, although, 
under certain site conditions, the State may allow a risk level as high as the upper end of EPA’s 
target risk range (10-4) (Alaska DEC 2000a and 2002). 

5.2.1 Risk Characterization Results for COPCs 

The construction worker scenario was evaluated to estimate potential exposures to workers in the 
event that construction activities did take place, disturbing subsurface soil.  No construction 
activities are currently planned for Area 303.  Construction workers could be exposed to soil 
through incidental ingestion, dermal contact, and inhalation of vapors and dusts.  Exposures to 
groundwater could occur through dermal contact with the water and through inhalation of 
volatiles while trenching. Total RME risks and hazards for the individual COPCs for 
construction worker exposures to groundwater and soil are presented in Tables 5-1 and 5-2, 
respectively.  Total RME risks and hazards from combined exposures to soil and groundwater 
are summarized in Table 5-3.  Note that all final risk and hazard estimates are presented to one 
significant figure only, as recommended by EPA (USEPA 1989).  Therefore, an HQ of 1 could 
range between 0.95 and 1.4, and a risk of 2 x 10-5 could range between 1.5 x 10-5 and 2.4 x 10-5.  
Details of the calculations with risks and hazards presented to two significant figures can be 
found in Attachment H-4. 

As per Alaska DEC guidance (ADEC 2005), the cumulative cancer risks and noncancer hazards 
for the non-TPH compounds were considered separately from the noncancer hazards for the TPH 
compounds.  Alaska DEC target health goals for cancer chemicals are no more than a 1 x 10-5 
chance of developing cancer and target health goals for noncancer chemicals are a hazard 
quotient of 1.  Target health goals were not exceeded for the construction worker scenario.  The 
cumulative risk for the construction worker scenario (exposure to both groundwater and soil 
during construction) for the non-TPH COPCs of 2 x 10-8 was well below the target health goal of 
1 x 10-5, and the  cumulative noncancer hazard of 1 was equal to the target health goal.  
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Exposures to xylenes and 1,2,4-trimethylbenzenes in soil through the inhalation pathway were 
the greatest contributors to the noncancer hazard, contributing 47 percent and 18 percent, 
respectively.  The TPH noncancer hazards calculated using the site-specific aliphatic and 
aromatic percent compositions (as calculated in Section 3) were 0.6, below the target health goal 
of 1.  In addition, at the request of Alaska DEC, TPH noncancer hazards were also calculated 
assuming the Alaska DEC default aliphatic and aromatic percent composition.  The TPH 
noncancer hazards calculated using Alaska DEC default percent compositions were 0.7, also 
below the target health goal. 

Potential Risks From Exposures to Residual Free Product 

Risks and hazards to free product cannot be quantified using standard risk assessment 
techniques.  In general, if free product is encountered in sufficient amounts, this could constitute 
a hazard, and the presence of free product is generally assumed to present a situation where 
workers should take precautions to prevent exposure.  The potential extent of remaining residual 
free product at the site was presented in Section 4.5 of the FSS report. 

Some discontinuous free product has been observed in recent monitoring well investigations.  
While exposures to free product cannot be quantitatively evaluated in risk assessments, 
exposures to free product may represent an unacceptable health risk.  However, as discussed in 
Section 4, the presence of free product has been detected in monitoring wells (HMW-303-11, 
HMW-303-5, MW-303-30 and MW-303-31) where groundwater is approximately 22 to 25 feet 
bgs.  Since construction activities are not assumed to occur deeper than 15 feet bgs, direct 
exposure to free product during construction activities is very unlikely. 

No free product has been identified in any of the wells where groundwater is less than 15 feet 
bgs.  Specifically, no free product was identified in wells HMW-102-7, HMW-102-8, and 
HMW-102-10 where perched groundwater is present, and no free product was identified in wells 
03-012, MW-303-34, MW-303-35, MW-303-36, and MW-303-37.  In addition, review of the 
limited historical data available for the perched groundwater zone did not identify free product in 
either of the perched zone wells.  Of the 29 times that groundwater levels were recorded in well 
MRP-MW3, no free product was reported.  Similarly, no free product was present in well 03-708 
during the four times groundwater levels were measured in this well. 
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Table 5-1 
Summary of RME Risks and Hazards for Construction Worker 

Exposures From Groundwater 
 
 Total Inhalation Dermal 

Chemical HI CR HQ CR HQ CR 

Non-TPH COPCs 
Benzene 0.007 0.00000002 0.005 0.00000002 0.002 0.000000005
Ethylbenzene 0.004 -- 0.004 (c) 0.00002 (c) 
Toluene 0.01 -- 0.01 (c) 0.000005 (c) 
Xylenes 0.05 -- 0.04 (c) 0.0005 (c) 
1,2,4-Trimethylbenzene 0.02 -- 0.02 (c) (b) (c) 
1,3,5-Trimethylbenzene 0.02 -- 0.02 (c) (b) (c) 
Naphthalene 0.01 -- 0.01 (c) 0.00006 (c) 
Bis(2-ethylhexyl)phthalate -- -- (a) (a) (b) (b) 
Dibenz(a,h)anthracene -- -- (a) (a) (b) (b) 

Non-TPH Total 0.1 0.00000002 0.1 0.00000002 0.002 0.000000005
TPH COPCs (Site-Specific Percent Composition) 
C6-C10 Aliphatic 0.002 -- 0.002 (c) (b) (c) 
C6-C10 Aromatic 0.07 -- 0.07 (c) (b) (c) 
C10-C21 Aliphatic -- -- (a) (c) (b) (c) 
C10-C21 Aromatic -- -- (a) (c) (b) (c) 
C21-C35 Aliphatic -- -- (a,d) (c,d) (b,d) (c,d) 
C21-C35 Aromatic -- -- (a,d) (c,d) (b,d) (c,d) 

TPH Total 0.07 -- 0.07 -- -- -- 
TPH COPCs (Alaska DEC Default Percent Composition) 
C6-C10 Aliphatic 0.003 -- 0.003 (c) (b) (c) 
C6-C10 Aromatic 0.09 -- 0.09 (c) (b) (c) 
C10-C21 Aliphatic -- -- (a) (c) (b) (c) 
C10-C21 Aromatic -- -- (a) (c) (b) (c) 
C21-C35 Aliphatic -- -- (a) (c) (b) (c) 
C21-C35 Aromatic -- -- (a) (c) (b) (c) 

TPH Total 0.09 -- 0.09 -- -- -- 
 
aChemical is not volatile.  Inhalation pathway is incomplete. 
bNo dermal toxicity criteria available to quantify dermal exposures. 
cChemical not associated with carcinogenic effects. 
dSite-specific fractionation data indicate that residual-range organics are 100 percent aliphatic and 0 percent 
 aromatic. 
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Table 5-1 (Continued) 
Summary of RME Risks and Hazards for Construction Worker 

Exposures From Groundwater 
 
 
Notes: 
-- no values to sum 
COPC - chemical of potential concern 
CR - cancer risk 
DEC - Department of Environmental Conservation 
HI - hazard index 
HQ - hazard quotient 
RME - reasonable maximum exposure 
TPH - total petroleum hydrocarbon 
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Table 5-2 
Summary of RME Risks and Hazards for Construction Worker Exposures From Soil 

 

Chemical 

Total Ingestion Dermal Inhalation 

HI CR HQ CR HQ CR HQ CR 

Non-TPH COPCs 
Ethylbenzene 0.03 -- 0.0002 (b) (a) (a) 0.03 (b) 
Toluene 0.1 -- 0.00008 (b) (a) (a) 0.1 (b) 
Xylenes 0.5 -- 0.003 (b) (a) (a) 0.5 (b) 
1,2,4-Trimethylbenzene 0.2 -- 0.0004 (b) (a) (a) 0.2 (b) 
1,3,5-Trimethylbenzene 0.08 -- 0.00007 (b) (a) (a) 0.08 (b) 

Non-TPH Total 0.9 -- 0.004 -- -- -- 0.8 -- 

TPH COPCs (Site-Specific Percent Composition) 
C6-C10 Aliphatic 0.1 -- 0.0009 (b) (a) (a) 0.1 (b) 
C6-C10 Aromatic 0.3 -- 0.004 (b) (a) (a) 0.3 (b) 
C10-C21 Aliphatic 0.02 -- 0.02 (b) 0.005 (b) 0.0000007 (b) 
C10-C21 Aromatic  0.01 -- 0.008 (b) 0.002 (b) 0.0000007 (b) 
C21-C35 Aliphatic  0.0003 -- 0.0002 (b) 0.00007 (b) 0.00000003 (b) 
C21-C35 Aromatic -- -- (c) (c) (c) (c) (c) (c) 

TPH Total 0.5 -- 0.03 -- 0.008 -- 0.5 -- 

TPH COPCs (Alaska DEC Default Percent Composition) 
C6-C10 Aliphatic  0.1 -- 0.0007 (b) (a) (a) 0.1 (b) 
C6-C10 Aromatic 0.5 -- 0.005 (b) (a) (a) 0.5 (b) 
C10-C21 Aliphatic  0.02 -- 0.02 (b) 0.005 (b) 0.0000007 (b) 
C10-C21 Aromatic  0.03 -- 0.02 (b) 0.006 (b) 0.000002 (b) 
C21-C35 Aliphatic  0.0003 -- 0.0002 (b) 0.00007 (b) 0.00000003 (b) 
C21-C35 Aromatic 0.006 -- 0.005 (b) 0.001 (b) 0.0000006 (b) 

TPH Total 0.6 -- 0.05 -- 0.01 -- 0.6 -- 
 
aChemical not evaluated for dermal exposures in soil 
bChemical not associated with carcinogenic effects 
cSite-specific fractionation data indicate that residual-range organics are 100 percent aliphatic and 0 percent 
 aromatic. 
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Table 5-2 (Continued) 
Summary of RME Risks and Hazards for Construction Worker Exposures From Soil 

 
 
Notes: 
-- no values to sum 
COPC - chemical of potential concern 
CR - cancer risk 
DEC - Department of Environmental Conservation 
HI - hazard index 
HQ - hazard quotient 
RME - reasonable maximum exposure 
TPH - total petroleum hydrocarbon 
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Table 5-3 
Summary of Total RME Risks and Hazards for the Construction Worker 

 

Chemical 
Total Groundwater Soil 

HI CR HI CR HI CR 
Non-TPH COPCs 
Benzene 0.007 0.00000002 0.007 0.00000002 (a) (a) 
Ethylbenzene 0.04 (b) 0.004 (b) 0.03 (b) 
Toluene 0.1 (b) 0.01 (b) 0.1 (b) 
Xylenes 0.5 (b) 0.05 (b) 0.5 (b) 
1,2,4-Trimethylbenzene 0.2 (b) 0.02 (b) 0.2 (b) 
1,3,5-Trimethylbenzene 0.1 (b) 0.02 (b) 0.08 (b) 
Naphthalene 0.01 (b) 0.01 (b) (a) (a) 
Bis(2-ethylhexyl)phthalate -- -- ( c) ( c) (a) (a) 
Dibenz(a,h)anthracene -- -- ( c) ( c) (a) (a) 

Non-TPH Total 1.0 0.00000002 0.1 0.00000002 0.9 -- 
TPH COPCs (Site-Specific Percent Composition) 
C6-C10 Aliphatic 0.1 (b) 0.002 (b) 0.1 (b) 
C6-C10 Aromatic 0.4 (b) 0.07 (b) 0.3 (b) 
C10-C21 Aliphatic 0.02 (b) -- (b) 0.02 (b) 
C10-C21 Aromatic  0.01 (b) -- (b) 0.01 (b) 
C21-C35 Aliphatic  0.0003 (b) -- (b) 0.0003 (b) 
C21-C35 Aromatic -- (b) -- (b) -- (b) 

TPH Total 0.6 -- 0.07 -- 0.5 -- 
TPH COPCs (Alaska DEC Default Percent Composition) 
C6-C10 Aliphatic 0.1 (b) 0.003 (b) 0.1 (b) 
C6-C10 Aromatic 0.6 (b) 0.09 (b) 0.5 (b) 
C10-C21 Aliphatic 0.02 (b) -- (b) 0.02 (b) 
C10-C21 Aromatic  0.03 (b) -- (b) 0.03 (b) 
C21-C35 Aliphatic  0.0003 (b) -- (b) 0.0003 (b) 
C21-C35 Aromatic 0.006 (b) -- (b) 0.006 (b) 

TPH Total 0.7 -- 0.09 -- 0.6 -- 
 
aChemical not selected as a COPC in this medium 
bChemical not associated with carcinogenic effects 
cNo complete pathway of exposure of this chemical in groundwater 



FINAL FFS REPORT, REVISION 1 Appendix H 
Area 303, Former Adak Naval Complex Section 5.0  
Naval Facilities Engineering Command Northwest Revision No.:  1 
Contract No. N44255-09-D-4001 Date:  8/11/11 
Delivery Order 0007 Page 5-9 
 
 
 

 

Table 5-3 (Continued) 
Summary of Total RME Risks and Hazards for the Construction Worker 

 
 
Notes: 
-- no values to sum 
COPC - chemical of potential concern 
CR - cancer risk 
DEC - Department of Environmental Conservation 
HI - hazard index 
RME - reasonable maximum exposure 
TPH - total petroleum hydrocarbon 
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6.0  UNCERTAINTIES IN RISK ASSESSMENT 

The purpose of the uncertainty section is to describe, in a qualitative way, where there are major 
uncertainties in the risk assessment process that could affect the conclusions of the risk 
assessment.  Estimating and evaluating health risk from exposure to environmental chemicals is 
a complex process with inherent uncertainties.  Uncertainty reflects limitations in knowledge, 
and simplifying assumptions must be made in order to quantify health risks. 

The section is organized according to uncertainties relating to (1) the data and selection of 
COPCs, (2) the assumptions about exposure, (3) the assumptions about toxicity, and (4) the 
characterization of health risks. 

There are uncertainties regarding the quantification of health risks in terms of a number of 
assumptions about both exposure and toxicity, including both site-specific and general 
uncertainties.  Based on anticipation of uncertainty when quantifying exposure and toxicity, the 
health risks and hazards presented in this risk assessment are more likely to indicate that 
chemicals are exceeding target risk goals, although health risks may actually be negligible.  Risk 
assessment methodology is less likely to indicate that chemicals are not a health risk when they 
actually are.  This process is necessary to ensure the protection of public health and the 
environment. 

Uncertainty in the risk assessment produces the potential for two kinds of errors.  The first 
potential, or Type I, error is the identification of a specific chemical, area, or activity as a health 
concern when, in fact, it is not a concern (false positive conclusion).  The second potential, or 
Type II, error is the elimination of a chemical, area, or activity from further consideration when, 
in fact, there should be a concern (false negative conclusion).  In the risk assessment, 
uncertainties were handled conservatively (i.e., health protective choices were preferentially 
made).  This strategy is more likely to produce false positive errors than false negative errors. 

The following sections provide additional detail regarding uncertainties in the estimations of 
health risks. 

6.1 DATA COLLECTION AND EVALUATION 

The data evaluation process addresses whether (1) chemicals are potentially present in various 
environmental media at levels of health concern, (2) site concentrations are different from 
background, and (3) sufficient samples have been collected to fully characterize each exposure 
pathway. 
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6.1.1 TPH Data 

Some of the available soil and groundwater petroleum data were not selected for use in the risk 
assessment.  The following are three general categories of petroleum analysis any of which may 
be used under certain circumstances: 

 Method that tests for all petroleum hydrocarbons (e.g., Standard Method 418.1) 

 Method that tests for specific carbon fraction ranges representing fuel types like 
gasoline (e.g., AK-101 and 8100 modified) 

 Method that tests for specific carbon fraction ranges as well as aliphatic and 
aromatic fractions (e.g., AK-101-AA and VPH). 

 
In June 2001, Alaska DEC restricted the use of Methods AK-102-AA and AK-103-AA because 
of “uncertainties surrounding the repeatability, accuracy, and precision” of these methods since 
their use began in 1999 (ADEC 2001b).  Because this restriction was issued during the time 
frame when water samples were collected from the site and analyzed by AK-102-AA and 
AK-103-AA, these data were not included in the this risk assessment.  Additionally, results 
reported from the use of Method 418.1 are not useable because the method does not distinguish 
between fuel products (e.g., gasoline or diesel). 

The majority of the available data are from methods that test for specific carbon fraction ranges 
representing GRO and DRO.  These methods are well documented and use of the data generated 
by these methods is acceptable.  However, due to variability between laboratories and how they 
quantify GRO versus DRO (i.e., which carbon ranges they report), there is uncertainty in the 
amount of GRO versus DRO in samples collected from the same location but analyzed by 
different laboratories at different times.  Results may be biased either high or low for GRO and 
DRO. 

6.1.2 Groundwater Data 

Groundwater samples were collected from 44 wells across the entire site.  Historical data are 
available from 18 wells.  All 44 wells were sampled in 2006.  Recent and historical data were 
included in the screening evaluation to select COPCs.  The most recent data for each COPC from 
each well was included in the calculation of EPCs.  Therefore, sufficient samples are available to 
adequately characterize groundwater. 

No recent groundwater data are available from the perched groundwater aquifer in the northern 
portion of the site.  Therefore, the main aquifer groundwater data from the wells in this portion 



FINAL FFS REPORT, REVISION 1 Appendix H 
Area 303, Former Adak Naval Complex Section 6.0  
Naval Facilities Engineering Command Northwest Revision No.:  1 
Contract No. N44255-09-D-4001 Date:  8/11/11 
Delivery Order 0007 Page 6-3 
 
 
 

 

of the site were used as a surrogate to evaluate dermal contact with groundwater by construction 
workers.  Perched groundwater was not encountered during drilling at Area 303 in 2006.  Most 
of the lower permeability layers (organic-rich silty clayey layer) present at the site are permeable 
enough to allow water to slowly migrate down through them.  It is also possible that groundwater 
(or other liquid) may drain off these layers by flowing on the top of these layers from a higher to 
lower elevation.  There are a few isolated locations in the northeast portion of Area 303 where 
perched water was found historically (i.e., MRPH-MW3 and 03-708) and may still exist.  It is 
possible that the perched groundwater zone could contain higher concentrations than the main 
aquifer groundwater in these portions of the site, because the perched zone (although limited in 
areal extent) may be directly under the pipeline near the northeast portion of the site near MRP-
MW3.  Therefore, the lack of recent perched groundwater data remains an area of uncertainty. 

However, a limited amount of historical data from the perched groundwater zone was located for 
well MRP-MW3, which was installed in 1992 and is directly adjacent to MRP-MW2 in the 
northeast portion of Area 303, and for a former well (well 03-708) located approximately 125 
feet west-northwest of MRP-MW3.  While these data were not included in the risk assessment 
because they are not considered representative of current groundwater concentrations at the site, 
these data were reviewed in this uncertainty analysis.  Table 6-1 summarizes the available data 
from these wells.  The maximum detected concentrations from these wells exceed the EPCs for 
most of the COPCs used in the dermal risk calculations, and if these data were used in the risk 
calculations for construction worker dermal exposures, then the risks and hazards from the 
dermal pathway would be higher.  However, the cumulative risks and hazards from all exposures 
pathways (including soil and groundwater pathways) would be unchanged to 1 significant figure, 
and the conclusions of the risk assessment would not be affected.  In addition, the concentrations 
of chemicals in these wells are expected to have attenuated and are likely lower under current 
conditions.  Construction worker risks and hazards from dermal exposures based on the 
maximum detected concentration from the main aquifer data were several orders of magnitude 
below the target health goals (see Table 5-1).  Therefore, while use of the main aquifer 
groundwater data to evaluate dermal exposures could potentially underestimate construction 
worker dermal risks and hazards, the conclusions of the risk assessment are not likely to change. 

6.1.3 Soil Data 

Soil samples were collected at multiple depths from 33 locations across the entire site.  Data 
from the 2006 sampling investigation are available from 16 of the sampling locations, while the 
data from the remaining 17 sampling locations are from samples collected between 1992 and 
1998.  The older soil sampling investigations typically targeted locations with visible signs of 
contamination and were preferentially sampled.  Recent and historical data were included in the 
screening evaluation to select COPCs.  Because recent data are not available from every soil 
sampling location, both recent and historical data were also included in the calculation of EPCs 
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in order to characterize concentrations over the majority of the construction worker exposure 
area.  Therefore, sufficient samples are available to adequately characterize soil and inclusion of 
the historical data likely biases EPCs high. 

No analytical data are available for surface soil samples from Area 303.  However, as discussed 
in Section 3 of the main text, surface samples collected in 2006 were screened for petroleum 
compounds in the field, and surface soil was determined to be unimpacted by site contamination.  
Therefore, collection of surface soil samples was considered unnecessary.  Because surface soil 
has been unimpacted, the lack of surface soil data does not represent a data gap in the evaluation 
of construction worker exposures. 

6.1.4 SQLs for Detected and Nondetected Chemicals 

Text and Table 2-4 in Section 2 indicate that, in some cases, SQLs for detected chemicals 
exceeded screening values.  For detected chemicals in soil and groundwater, all chemicals on 
Table 2-4 were selected as COPCs and were thus included in the exposure and risk calculations, 
with the exception of indeno(1,2,3-cd)pyrene in groundwater and benzene in soil.  Therefore, 
while there is uncertainty regarding the actual exposure concentration of the majority of the 
chemicals on Table 2-4 (because half of the SQL was used as a surrogate concentration), this 
uncertainty is unlikely to affect the conclusions of the risk assessment.  Indeno(1,2,3-cd)pyrene 
was only detected in groundwater in 2 out of 48 samples.  Of the 46 nondetected results, only 1 
had an SQL greater than the screening value.  Therefore, it is unlikely that indeno(1,2,3-
cd)pyrene is present in groundwater in concentrations above the screening values.  Likewise, 
benzene in soil was detected in only 6 of 42 samples, and none of the detections exceeded the 
screening value.  Of the 36 nondetected results, only 2 exceeded the screening value.  Therefore, 
it is unlikely that benzene is present in soil in concentrations greater than the screening value. 

Table 6-2 presents the chemicals that were never detected in soil or groundwater and were not 
carried through the risk assessment.  If the SQLs presented in this table were compared to full 
Alaska DEC cleanup levels or EPA Region 6 HHSLs, rather than one-tenth of these values, then 
many of the SQLs shown on this table are adequate.  It is unlikely that these chemicals would be 
present at detectable concentrations that are a potential health risks.  However, this remains an 
area of uncertainty in the risk assessment. 

6.2 EXPOSURE 

For estimating the RME, 95UCL values, or upper-bound estimates of national averages are 
generally used for exposure assumptions.  The intent of RME, as discussed by the EPA Deputy 
Administrator and the Risk Assessment Council (Habicht 1992), is to present risks as a range 
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from central tendency to high-end risk (“above the 90th percentile of the population 
distribution”).  This descriptor is intended to estimate the risks that are expected to occur in small 
but definable ‘high end’ segments of the subject population” (Habicht 1992).  EPA makes a 
distinction between scenarios that are possible, but highly improbable, and those that are 
conservative, but more likely to occur within a population, with the latter being favored in risk 
assessment.  RME calculations thus overestimate risk for the majority of a hypothetical 
population even though all assumptions may not be at their maximum. 

6.2.1 Percentage Assumptions for Petroleum Products 

Construction worker hazards for the TPH compounds were calculated using site-specific percent 
compositions for the different fuel fractions.  At the request of Alaska DEC, construction worker 
hazards for the TPH compounds were also calculated using Alaska DEC’s default percent 
compositions for the different fuel fractions, as per Alaska DEC guidance (ADEC 2000b).  
Alaska DEC’s default percent compositions are not fuel type specific and are very conservative.  
Because of variability in the percent composition of petroleum fuels depending on the fuel 
source and its weathering in the environment, site-specific information is likely the most 
applicable for risk assessment purposes (ATSDR 1999; TPHCWG 1999).  Weathering of 
petroleum fuels likely reduces the percent content of the volatile aromatic portions (the most 
toxic portions of gasoline). 

The generic, Alaska DEC (ADEC 2000b) default percent composition for GRO aromatics (the 
more toxic portion of GRO) is 50 percent, representative of the maximum amount of aromatics 
found in fresh product (ATSDR 1999).  The actual amount of aromatics present at the site is 
much less than 50 percent.   Based on site-specific fractionation data, the aromatic fraction of 
GRO is at most 14 percent in soil and 38 percent in groundwater.  The site-specific aromatic 
percent compositions for GRO used in the EPC calculation were calculated by averaging the 
percent aromatic fraction of the samples where both the aromatic and aliphatic portions were 
detected.  This approach overestimates the actual percent composition of the GRO petroleum 
range.  The site-specific data indicate that there are some samples where the GRO range is 
entirely made up of aliphatic compounds, as no aromatic fraction was detected in some samples.  
If all of the data were used to estimate the site-specific aromatic percent compositions for GRO, 
then the site-specific aromatic fractions used in the EPC calculations would be lower; thus, risks 
would be lower.  However, the results of the risk assessment indicate that GRO in soil and 
groundwater are not present in concentrations that result in an exceedance of target health goals 
when either Alaska DEC default or site-specific fractionation data are used.  Therefore, the 
conclusions of the risk assessment would not change. 
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The generic, Alaska DEC default percent composition for DRO aromatics is 40 percent, likely a 
large overestimation of the aromatic content, as indicated by the site-specific soil data. Based on 
site-specific fractionation data, the aromatic fraction of DRO is approximately 16 percent in soil.  
However, the site-specific fractionation data for groundwater indicate that the aromatic portion 
of DRO is approximately 62 percent, higher than Alaska DEC’s default of 40 percent.  The 
results of the risk assessment indicate that DRO in soil and groundwater are not present in 
concentrations that result in an exceedance of target health goals when either Alaska DEC 
default or site-specific fractionation data are used.  

The generic, Alaska DEC default percent composition for RRO aromatics is 30 percent, a large 
overestimation of the aromatic content, as indicated by the site-specific data.  Based on site-
specific fractionation data, the aliphatic fraction of RRO is 100 percent in soil and groundwater.  
The results of the risk assessment indicate that RRO in soil and groundwater are not present in 
concentrations that result in an exceedance of target health goals when either Alaska DEC 
default or site-specific fractionation data are used.  

6.2.2 Exposure Assumptions 

Intake rates of soil included an assumption that ingestion of soil of 330 mg/day for construction 
workers.  This value for construction workers is the 95th percentile ingestion rate from a mass-
balance study conducted with 10 adults who were followed over a 4-week period (280 subject-
days).  The average and median amounts of soil ingested in the study were 10 mg/day and 
1 mg/day, respectively (Stanek et al. 1997).  Because of the small population and the large 
variability in the data, the 95th percentile value is highly uncertain. 

The assumption of a 70-year averaging time used in EPA RME assumptions tends to 
overestimate carcinogenic risks, which are prorated over the lifetime.  The current life 
expectancy in the United States is actually 75.7 years (Bureau of the Census 1994).  Thus, 
technically 75.7 years should be used in the risk calculations rather than the default 70-year 
value. 

Individuals within a population may have higher exposure rates than assumed by the separate 
exposure assumptions.  However, the RME values used represent the maximum exposures that 
could reasonably be expected to occur in the population. 

Construction worker’s dermal exposures to groundwater were slightly overestimated for all 
COPCs.  EPA’s dermal guidance recommends different formulas for estimating dermal 
absorption for chemicals in water depending on whether the chemical is inorganic and/or highly 
ionizable, or whether the chemical is organic (USEPA 2004a).  The formula for inorganic dermal 
absorption is much simpler than the organic one, and the simpler inorganic formula was used in 
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this assessment.  Because of the relatively short and infrequent exposure of construction workers 
to groundwater the more complex modeling effort was not considered warranted for this project.  
As a check, the more complex modeling was used to evaluate dermal exposures.  For all 
groundwater COPCs using the organic compounds’ dermal formula provides slightly lower 
hazards and risks:  however, the results of the hazards and risk estimates were unchanged to one 
significant figure.  Therefore, for all groundwater COPCs, the inorganic dermal formula used in 
the calculations for this assessment slightly overestimated hazards and risks, but the use of the 
dermal organic formula would not affect the risk assessment results. 

The risk assessment assumed that 100 percent of construction workers’ exposures to outdoor air 
would be from within a semi-confined, groundwater-flooded trench.  This assumption would 
result in the most significant exposures to vapors in outdoor air; thus, this assumption is an 
estimation of the worst-case scenario.  Inhalation hazards calculated for this scenario resulted in 
hazards below target health goals.  If we were to assume that some of a construction worker’s 
inhalation exposures would be at the surface and not in confined spaces, the hazards would be 
mitigated, and calculated HQs would be even lower.  Therefore, for construction workers, the 
most conservative assumptions were used in estimating inhalation exposures. 

6.2.3 On-Site Worker Exposures to Volatile Chemicals in Indoor Air 

The Air Terminal Building is located on the western edge of the site and is occupied daily by 
airport employees.  The indoor air pathway was considered insignificant for on-site workers and 
was not quantitatively evaluated in the risk assessment.  The groundwater data from the two 
wells in closest proximity to the building (MW-303-34 and MW-303-35) did not have 
concentrations of petroleum-related chemicals that exceeded the Alaska DEC groundwater 
cleanup levels.  In addition, the building is located upgradient of the groundwater plume, as 
characterized in Section 4.3 of the FFS report.  MW-303-34 had a maximum GRO concentration 
of 900 µg/L.  For other petroleum-release sites on Adak Island (i.e., SWMU 62, New Housing 
Fuel Leak site and NMCB Building), the Johnson and Ettinger Model (J-E Model) was used to 
estimate indoor air concentrations from groundwater data.  If the J-E Model were used to 
estimate indoor air concentrations for the Air Terminal Building using a GRO groundwater 
concentration of 900 µg/L and assuming all other conservative model defaults, then on-site 
worker hazards from inhalation of GRO in air would be 2 to 3 orders of magnitude below the 
target health goals.  Therefore, while this pathway is potentially complete, it is insignificant, and 
exclusion of this pathway does not affect the conclusions of the risk assessment. 

6.2.4 Indoor Air Future Building Scenario 

While the Navy is aware of no specific future plans by TAC to construct a building over any 
portion of this site, if a building were to be built over the plume, vapors present in groundwater 
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could potentially be transported into the air inside the future building.  However, because of the 
uncertainties surrounding the estimation of a possible future building size, purpose, and location 
over the plume, future indoor air risks cannot be reliably quantified.  For other petroleum-release 
sites on Adak Island (i.e., SWMU 62, New Housing Fuel Leak, and NMCB Building Area), the 
J-E Model was used to estimate indoor air concentrations from groundwater data.  The most 
recent groundwater concentrations from each well are presented in Attachment H-1 for each of 
the COPCs.  If the J-E Model were used to estimate indoor air concentrations for a future 
hypothetical building using the maximum groundwater concentrations from the most recent 
round of sampling of the volatile COPCs, the building dimensions and subsurface conditions 
(i.e., depth to groundwater and soil type) for Building 2776 located in the northern portion of 
Area 303, and assuming all other conservative model defaults, then on-site worker hazards from 
inhalation of the volatile COPCs in air would be below the target health goals.  However, the 
indoor air pathway for a future building remains an area of uncertainty and a potential future 
underestimation of risks. 

6.3 TOXICITY ASSESSMENT AND RISK HAZARD CALCULATIONS 

Toxicity values have been developed by the EPA from the available toxicological data.  These 
values frequently involve high-to-low-dose extrapolations and are often derived from animal 
rather than human data.  In addition, there may be few studies available for a particular chemical.  
As the unknowns increase, the uncertainty of the value increases.  Uncertainty is addressed by 
reducing RfDs using uncertainty factors and by deriving the SF using a conservative model.  The 
greater the uncertainty, the greater the uncertainty factors and tendency to overestimate the 
toxicity. 

6.3.1 Toxicity Values for Petroleum Compounds 

DRO, GRO, and RRO were selected as chemicals of potential concern in soil, and DRO and 
GRO were also selected for groundwater.  There are no toxicity criteria that represent exposures 
to the whole mixtures of the petroleum groups.  Thus, there is a higher than usual degree of 
uncertainty surrounding the toxicity criteria used in this assessment to estimate hazards from 
DRO, GRO, and RRO.  In addition, there are no subchronic toxicity criteria for the petroleum 
compounds with which to evaluate construction worker exposures.  Two groups have pioneered 
similar approaches to estimating the toxicity of petroleum: the Massachusetts Department of 
Environmental Protection (MDEP) and the Total Petroleum Hydrocarbon Criteria Working 
Group (TPHCWG).  Both these groups recommend analyzing the fractions of petroleum present 
and evaluating the toxicity of the fractions based on a compound (or compounds) that falls 
within the fraction that is anticipated to adequately represent the toxicity of the entire fraction.  
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However, the groups do not select the same surrogate compounds for each of the fractions, nor 
do their fraction definitions entirely agree. 

The surrogate approach is recommended by Alaska DEC (2000b) guidance, which selected the 
surrogates recommended by the TPHCWG for the aliphatic and aromatic portions of the 
petroleum groups.  Alaska DEC defines GRO as containing carbon chain lengths from C6 to C10 
and DRO as containing carbon chain lengths from C10 to C25.  MDEP and the TPHCWG only 
recommend noncancer toxicity criteria for the petroleum groups.  Carcinogenic effects are not 
evaluated for the petroleum ranges.  Rather, the individual carcinogenic compounds present in 
petroleum (e.g., benzene and the carcinogenic PAHs) are evaluated separately.  Note that while 
Alaska DEC recommends the use of both the oral and inhalation toxicity criteria recommended 
by the TPHCWG, the following discussions are limited to the variances in the available oral 
toxicity criteria for the TPH compounds.  TPH hazards from RRO were well below target health 
goals and did not contribute significantly to total TPH hazards.  Therefore, this uncertainty 
discussion focuses on the GRO and DRO petroleum ranges.   A detailed discussion of the oral 
and inhalation toxicity criteria used in this assessment for each carbon fraction range is provided 
in Attachment H-3. 

Aliphatic DRO 

The TPHCWG oral RfD recommended for the aliphatic portion of the DRO range is 0.1 mg/kg-
day and is derived from several studies of petroleum mixtures containing branched, straight, and 
cyclic alkanes within the carbon range of C7 to C18.  EPA’s review of TPHCWG’s and MDEP’s 
proposed surrogates found the selection of 0.1 mg/kg-day for aliphatic DRO compounds a 
reasonable one and likely to overestimate the toxicity of this fuel (USEPA 2000).  Note that if 
the RfD recommended by MDEP (1994) of 0.6 mg/kg-day had been used instead of the RfD of 
0.1 mg/kg-day used in this report, the conclusions of the risk assessment would not change 
(hazards would still be below target health goals). 

Aromatic DRO 

The majority of the possible RfDs for the aromatic fraction of DRO compounds are in the 10-2 
range.  TPHCWG recommended 0.04 mg/kg-day (TPHCWG 1999), MDEP recommended 
0.03 mg/kg-day (MDEP 1994), and EPA selected 0.05 mg/kg-day (USEPA 2000) as the best 
estimate.  Because Alaska DEC guidance recommends using the TPHCWG values, an RfD of 
0.04 mg/kg-day was used in this assessment to evaluate the aromatic fraction of DRO.  
Calculating hazards with one of the RfDs recommended by the other two groups discussed here 
would not significantly change the results of the risk assessment. 
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Aliphatic GRO 

The TPHCWG proposes two alternatives for oral RfDs for the aliphatic portion of the GRO 
range.  The first is to use the n-hexane RfD (0.06 mg/kg-day) for the n-hexane portion of the 
fraction and to use the n-heptane RfD (2 mg/kg-day) for the remainder of the fraction.  The 
second alternative is to use an RfD derived for commercial hexane (5 mg/kg-day) if n-hexane 
makes up less than 53 percent of the fraction, and revert back to the first alternative if n-hexane 
comprises more than 53 percent of the fraction.  MDEP, on the other hand, adopted the RfD for 
n-hexane (0.06 mg/kg-day) as the RfD protective of exposures to the aliphatic portion of this 
carbon fraction range.  EPA’s review of these RfDs recommends the use of MDEP’s approach as 
a more conservative approach.  EPA concluded that TPHCWG’s RfD for commercial hexane is 
not appropriate for use in EPA risk assessments (USEPA 2000).  In spite of EPA’s reviews of the 
RfDs, Alaska DEC recommends the use of TPHCWG’s RfD for commercial hexane.  Had 
MDEP’s RfD of 0.06 mg/kg-day been used in the quantitation of hazards for the aliphatic portion 
of the GRO carbon fraction range, TPH hazards would not change to 1 significant figure for the 
TPH hazards calculated using the site-specific percent composition data.  TPH hazards would 
increase from 0.7 to 0.8 for the TPH hazards calculated using Alaska DEC’s default percent 
composition data.  However, the hazards for the construction worker would still be below target 
health goals and the conclusions of the risk assessment would not change. 

Aromatic GRO 

MDEP assesses the aromatic portion of the GRO carbon fraction range on the basis of the four 
individual indicator compounds that constitute this fraction:  benzene, toluene, ethylbenzene, and 
xylene, rather than choosing one RfD to represent the entire fraction.  TPHCWG chose the RfD 
of 0.2 mg/kg-day for toluene to represent the noncarcinogenic effects of this fraction.  Toluene is 
likely the most toxic noncarcinogenic compound of these four indicator compounds and is 
considered to be a conservative approach for evaluating noncarcinogenic effects.  Alaska DEC 
recommends the use of TPHCWG’s RfD of 0.2 mg/kg-day in the evaluation of hazards. 

The toxicity information is almost exclusively based on fresh, unweathered materials.  
Understanding the composition of the original petroleum product is important.  However, once 
petroleum products are released into the environment they become subject to weathering (e.g., 
biodegradation, volatilization, and leaching), which can have a substantial effect on the original 
composition and, thus, potentially also on its toxicity. 
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ATSDR in their toxicity profile for TPH (ATSDR 1999) states that: 

The longer the release is exposed to the environment, the greater the change in 
chemical character. . ..  After extensive weathering, detailed knowledge of the 
original bulk product is often less valuable than current site-specific information 
on a more focused set of hydrocarbon components, for example TPH fractions. 

Therefore, weathering adds a further area of uncertainty into the assessment of petroleum 
toxicity. 

6.3.2 Chemicals for Which Risks and Hazards Could Not Be Calculated Because of Lack 
of Information 

Hazards are potentially underestimated for construction workers because, for 5 out of 14 COPCs 
in groundwater, dermal hazards could not be evaluated because there is no quantitative 
information available indicating how much of these compounds are absorbed through the skin 
(i.e., permeability constants).  These compounds are 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, GRO, DRO, and RRO.  (Note, RRO was not detected in wells used to evaluate 
dermal contact with groundwater as presented on Figure H3-2 and Table 3-1.  Therefore, dermal 
exposures to RRO are incomplete and the lack of a dermal permeability coefficient for RRO 
does not affect the results of the risk assessment.)  Because four chemicals were not evaluated 
via the dermal groundwater exposure route, the calculated hazards for construction workers may 
be underestimated for the dermal groundwater pathway.  All of these compounds except 
weathered DRO are volatile and thus were evaluated by the inhalation from groundwater 
pathway, a pathway contributing more of the total chemical dose than the dermal route (see 
Table 5-1).  Combined hazards due to inhalation of vapors from water from all COPCs were 
below the level of concern (an HI of 0.1).  Inclusion of additional dermal hazards with HQs one 
to two orders of magnitude below those for inhalation would not affect the findings and 
conclusions of the risk assessment (note that the dermal water HI for the chemicals that were 
evaluated for the dermal pathway was 0.002). 

6.4 SUMMARY 

Every aspect of the risk assessment contains multiple sources of uncertainty.  Simplifying 
assumptions are often made so that health risks can be estimated quantitatively.  Because the 
exact amount of uncertainty cannot be quantified, the risk assessment is intended to overestimate 
rather than underestimate probable risk.  The results of this assessment therefore, are likely to be 
protective of health despite the inherent uncertainties in the process. 
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Table 6-1
Summary of Detected Chemicals in Groundwater Samples Collected from Perched Aquifer Wells                  

(03-708 and MRP-MW3), Area 303

   Minimum Minimum Maximum Maximum Detection Screening Value
Concentration (1) Qualifier Concentration (1) Qualifier Units Frequency (see Section 2.2)

Well 03-708
Volatile Organic Chemicals (VOCs) and Semivolatile Organic Chemicals (SVOCs)
2-Methylnaphthalene 0.11 J 0.11 J ug/l 1/1 78
Acenaphthene 0.05 J 0.05 J ug/l 1/1 22
Benzene 4.6 J 4.6 J ug/l 1/1 1
Ethylbenzene 3.3 J 3.3 J ug/l 1/1 70
Fluorene 0.06 J 0.06 J ug/l 1/1 146
Naphthalene 4.87 J 4.87 J ug/l 1/1 70
Phenanthrene 0.04 J 0.04 J ug/l 1/1 1100
Toluene 10 J 10 J ug/l 1/1 100
Xylenes 48 J 48 J ug/l 1/1 1000
Total Petroleum Hydrocarbons
Diesel Range Organics (DRO) 760 760 ug/l 1/1 150
Gasoline Range Organics (GRO) 470 470 ug/l 1/1 130
Well MRP-MW3
Volatile Organic Chemicals (VOCs) and Semivolatile Organic Chemicals (SVOCs)
2-Methylnaphthalene 0.76 J 0.76 J ug/l 1/1 78
Benzene 5.1 55 ug/l 2/3 0.5
Ethylbenzene 1860 2600 ug/l 3/3 70
m,p-Xylene 6900 6900 ug/l 1/1 1000
Methyl Tert-Butyl Ether 13 J 13 J ug/l 1/1 1.1
Naphthalene 6.95 J 6.95 J ug/l 1/1 70
o-Xylene 2200 J 2200 J ug/l 1/1 1000
Phenanthrene 0.03 J 0.03 J ug/l 1/1 1100
Toluene 1300 5690 ug/l 3/3 100
Xylenes 7500 10100 ug/l 3/3 1000
Total Petroleum Hydrocarbons
Diesel Range Organics (DRO) 5600 17000 ug/l 2/3 150
Gasoline Range Organics (GRO) 23000 44100 ug/l 3/3 130

Chemical
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Table 6-2 
Chemicals Analyzed But Not Detected with Method Detection Limits 

Exceeding Screening Values 
 

Chemical 
Range of 

SQLsa 
Screening

Valueb 

Total 
Number 
Samples 

Number of 
Samples 

Exceeding 
Screening Value 

Frequency of
Exceedance

(%) 

Groundwater (µg/L) 
1,2-Dibromoethane 0.5 0.056 35 35 100 
2,2-oxybis(1-Chloropropane) 5 - 5.5 NA 2 -- -- 
2,4-Dinitrophenol 25.5 - 26.5 7 2 2 100 
2,6-Dinitrotoluene 5 - 5.5 3.7 2 2 100 
2-Nitroaniline 25.5 - 26.5 11.0 2 2 100 
2-Nitrophenol 5 - 5.5 NA 2 -- -- 
3,3-Dichlorobenzidine 10 - 10.5 0.015 2 2 100 
3-Nitroaniline 25.5 - 26.5 11 2 2 100 
4,6-Dinitro-2-methylphenol 25.5 - 26.5 NA 2 2 100 
4-Bromophenyl-phenylether 5 - 5.5 NA 2 -- -- 
4-Chloro-3-methylphenol 10 - 10.5 NA 2 -- -- 
4-Nitroaniline 25.5 - 26.5 11 2 2 100 
Benzo(a)anthracene 0.01 - 5.5 0.1 48 10 21 
Benzo(a)pyrene 0.01 - 5.5 0.02 48 5 10 
Benzo(b)fluoranthene 0.01 - 5.5 0.1 48 10 21 
Benzo(k)fluoranthene 0.01 - 10.4 1 48 8 17 
bis(2-Chloroethoxy)methane 5 - 5.5 NA 2 -- -- 
bis(2-Chloroethyl)ether 5 - 5.5 0.098 2 2 100 
Dibenzofuran 5 - 5.5 1.2 2 2 100 
Hexachlorobenzene 5 - 5.5 0.1 2 2 100 
Hexachlorobutadiene 5 - 5.5 1 2 2 100 
Hexachlorocyclopentadiene 5 - 5.5 5 2 1 50 
Methyl tert-butyl ether 1 - 2.5 1.1 2 1 50 
Nitrobenzene 5 - 5.5 1.8 2 2 100 
N-Nitrosodinpropylamine 5 - 5.5 0.01 2 2 100 
Pentachlorophenol 25.5 - 26.5 0.1 2 2 100 
Soil (mg/kg) 
1,2-Dichloroethane 0.00069 - 5.7 0.35 28 1 4 
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Table 6-2 (Continued) 
Chemicals Analyzed But Not Detected With Method Detection Limits 

Exceeding Screening Values 
 
aThe values presented on this table are one-half of the sample quantitation limits for the chemicals that were never 
 detected in groundwater or soil. 
bThe screening values used in this evaluation are discussed in detail in Section 2.  Screening values are 1/10th of the 
 Alaska DEC cleanup levels, if available.  Otherwise screening values are 1/10th the EPA Region 6 tap 
 water and residential soil HHSLs. 
 
Notes: 
µ/gL - microgram per liter 
mg/kg - milligram per kilogram 
NA - no screening value available 
-- - not applicable 
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7.0  SUMMARY AND CONCLUSIONS 

This section provides a summary of the human health risk assessment that has been conducted 
for this site.  Previous investigations, summarized in Sections 3 and 4 of the FFS report, have 
identified petroleum compounds in soil and groundwater above regulatory levels at the site from 
leakage of subsurface fuel lines.  The risk assessment evaluated whether potential health risks 
were present if people encountered these chemical-impacted materials in their environment 
according to the risk assessment procedures specified by Alaska DEC (2000a and 2005).  ADEC 
provides guidance for four methods of determining cleanup levels (beginning with Method 1) 
that increase in level of effort and site specificity.  Method 4 uses risk assessment to determine 
site-specific cleanup levels (ADEC 2000a and 2005).  Sufficient site information is available to 
determine Method 4 cleanup, and the results are summarized below. 

7.1 CHEMICAL OF POTENTIAL CONCERN SELECTION 

The first step in a human health risk assessment is an evaluation of the data in order to select 
COPCs for human health.  Of the total available data, the following were selected as applicable 
to human health.  Figure H2-1 presents the sampling locations of the following data selected for 
use in the risk assessment. 

 Groundwater data from impacted monitoring wells 

 Subsurface soil data from samples collected at the site—Surface soil at this site is 
not impacted by petroleum. 

One-tenth the Alaska DEC human health screening levels presented in Table B.1 from AAC 
75.341 and Table C from AAC 75.345 for soil and groundwater, respectively, were used as 
screening values.  Screening values represent concentrations below which there is no health 
concern.  If the maximum concentration of a chemical was less than the screening value, the 
chemical was eliminated from the risk assessment because it would not be a health concern.  
Fourteen chemicals were selected as COPCs in groundwater: 

 Benzene  
 Bis(2-ethylhexyl)phthalate 
 Dibenz(a,h)anthracene 
 DRO 
 Ethylbenzene 
 GRO 
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 Naphthalene 
 RRO 
 Toluene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 m,p-xylene 
 o-xylene 
 Total xylenes 

The following eight chemicals were selected as COPCs in soil: 

 DRO 
 Ethylbenzene 
 GRO 
 RRO 
 Toluene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 Xylenes 

7.2 EXPOSURE ASSESSMENT 

Once COPCs are selected, the second step in risk assessment is an evaluation of the exposure 
pathways by which people could encounter chemicals.  The exposure assessment identifies the 
populations potentially exposed to chemicals at the site, the means by which exposure occurs, 
and the amount of chemical received from each exposure medium (i.e., the dose).  Only 
complete exposure pathways are quantitatively evaluated.  Complete pathways consist of four 
elements:  (1) a source and mechanism of chemical release, (2) a retention or transport medium 
(e.g., groundwater), (3) a point of potential human contact with the affected medium, and (4) a 
means of entry into the body at the contact point.  Figure H3-1 presents the CSM, which depicts 
the complete pathways for this site. 

Area 303 currently has no regular uses by people other than minimal crossing of a small area 
between Main Road and the GCI Compound when there is a need to enter the compound (a 
distance of some 30 to 50 feet).  The land is designated as “commercial” by TAC, but given the 
small population and availability of empty buildings, future development is unlikely.  Therefore, 
future workers are not considered a population of concern (see further discussion in the 
uncertainty section).  There are some underground utility lines that run through portions of the 
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area and may require maintenance at some point in the future.  Therefore, populations of concern 
for direct exposures to subsurface soils are construction workers involved in utility maintenance 
or future construction of a building or road in the area.  Construction workers are also a 
population of concern for exposure to groundwater in the two areas of the site where 
groundwater is shallower than 15 feet, and exposure may occur during intrusive activities 
(construction activities are assumed to potentially go as deep as 15 feet bgs). 

The following exposure pathways were selected for quantitative evaluation under current and 
future conditions: 

 Construction workers potentially disturbing soil in the course of construction 
activity could be exposed through incidental ingestion, dermal contact, and 
inhalation of fugitive dust (to a depth of 15 feet) and inhalation of volatile 
chemicals in soil as deep as the water table (approximately 20-25 feet bgs). 

 Construction workers conducting intrusive subsurface work could be exposed to 
chemicals in shallow groundwater (less than 15 feet bgs) through dermal contact 
and inhalation.  Figure H3-2 identifies the locations of the site where groundwater 
is less than 15 feet bgs. Construction workers could also be exposed to volatile 
chemicals in deeper groundwater through inhalation of volatile chemicals 
vaporizing through the subsurface. 

Ingestion of groundwater is considered an incomplete pathway for all receptors.  As discussed in 
Sections 2 and 3, groundwater is not used as drinking water. 

7.3 TOXICITY ASSESSMENT 

The third step in risk assessment is an evaluation of the toxicity of the COPCs by an assessment 
of the relationship between the dose of a chemical and the occurrence of toxic effects.  Chemical 
toxicity criteria, which are based on this relationship, consider both cancer effects and effects 
other than cancer (noncancer effects).  The toxicity criteria are required in order to quantify the 
potential health risks due to the COPCs.  Benzene, dibenz(a,h)anthracene, and bis(2-
ethylhexyl)phthalate were evaluated for cancer effects, and the other chemicals (where toxicity 
information exists) were evaluated for noncancer effects. 
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7.4 RISK CHARACTERIZATION 

The last step in human health risk assessment is a characterization of the health risks.  The 
exposure factors, media concentrations, and toxicity criteria are combined to calculate health 
risks.  Health risks are calculated differently for chemicals that cause cancer and for chemicals 
that cause noncancer effects.  The calculation of cancer risk assumes that no level of the 
chemical is without some risk, whereas for chemicals with noncancer effects, a “threshold” dose 
exists.  Risks (for cancer) and hazards (for noncancer effects) are calculated for a reasonable 
maximum exposure (RME) scenario for each pathway, a calculation that overestimates risks for 
the majority of the population in order to ensure that public health is protected.  Cancer risk 
estimates represent the potential for cancer effects by estimating the probability of developing 
cancer over a lifetime due to site exposures.  Noncancer hazards assume there is a level of 
chemical intake that is not associated with an adverse health effect even in sensitive individuals. 

Risks and hazards for the individual COPCs for construction worker exposures to soil and 
groundwater are presented in Table 5-3.  As per Alaska DEC guidance (ADEC 2005), the 
cumulative cancer risks and noncancer hazards for the non-TPH compounds were considered 
separately from the noncancer hazards for the TPH compounds.  Alaska DEC target health goals 
for cancer chemicals are no more than a 1 x 10-5 chance of developing cancer and target health 
goals for non-cancer chemicals are a hazard quotient of 1.  Target health goals were not 
exceeded for the construction worker scenario.  The cumulative risk for the construction worker 
scenario (exposure to both groundwater and soil during construction) for the non-TPH COPCs of 
2 x 10-8 was well below the target health goal of 1 x 10-5, and the cumulative noncancer hazard 
of 1 was equal to the target health goal.  Exposures to xylenes and 1,2,4-trimethylbenzenes in 
soil through the inhalation pathway were the greatest contributors to the noncancer hazard, 
contributing 47 percent and 18 percent, respectively.  The TPH noncancer hazards calculated 
using the site-specific aliphatic and aromatic percent compositions (as calculated in Section 3) 
were 0.6, below the target health goal of 1.  In addition, at the request of Alaska DEC, TPH 
noncancer hazards were also calculated assuming the Alaska DEC default aliphatic and aromatic 
percent composition.  The TPH noncancer hazards calculated using Alaska DEC default percent 
compositions were 0.7, also below the target health goal. 

Some discontinuous free-product has been observed in recent monitoring well investigations.  
While exposures to free product cannot be quantitatively evaluated in risk assessments, 
exposures to free product may represent an unacceptable health risk.  However, as discussed in 
Section 4 of the FFS report, the presence of free product has been detected in monitoring wells 
(HMW-303-11, HMW-303-5, MW-303-30 and MW-303-31) where groundwater is 
approximately 22 to 25 feet bgs.  Since construction activities are not assumed to occur deeper 
than 15 feet bgs, direct exposure to free product during construction activities is very unlikely.  
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No free product has been identified in any of the wells where groundwater is less than 15 feet 
bgs.  Specifically, no free product was identified in wells HMW-102-7, HMW-102-8, and 
HMW-102-10 where perched groundwater is present, and no free product was identified in wells 
03-012, MW-303-34, MW-303-35, MW-303-36, and MW-303-37.  In addition, review of the 
limited historical data available for the perched groundwater zone did not identify free product in 
either of the perched zone wells.  Of the 29 times that groundwater levels were recorded in well 
MRP-MW3, no free product was reported.  Similarly, no free product was present in well 03-708 
during the four times groundwater levels were measured in this well. 

7.5 CLEANUP LEVELS DISCUSSION 

If chemicals at a site exceed target health goals, then site-specific cleanup levels can be 
calculated to provide information to risk managers and the feasibility study.  Alaska DEC allows 
site-specific cleanup levels to be calculated, rather than using the State’s default values for soil 
and groundwater (18 AAC 75.340 and 18 AAC 75.345, respectively).  Because no chemicals 
exceeded target health goals or contributed to exceedances above target health goals, site-
specific ACLs do not need to be calculated for this site. 

However, in the screening process to select COPCs, Alaska DEC Table C (AAC 75.345) 
groundwater cleanup levels for the protection of drinking water were used as screening values.  
A number of chemicals in groundwater exceed the Alaska DEC Table C groundwater cleanup 
levels.  Section 4 of the FFS report details the exceedances of the recent analytical data collected 
from monitoring wells at the site compared to the Alaska DEC cleanup levels established for 
groundwater used as a drinking water source.  While concentrations in groundwater are not 
likely to present a health risks based on the current use of the site, groundwater used as drinking 
water would result in unacceptable risk to human health.  Therefore, groundwater at the site 
should not be used as a drinking water source. 

7.6 RISK ASSESSMENT CONCLUSIONS 

Construction workers involved in subsurface utility repair work are the only human population 
likely to be exposed to petroleum-related chemicals at Area 303.  There are no surface soil 
impacts and the groundwater is not being used as a drinking water source.  Non-TPH risks and 
hazards to construction workers from exposure to chemicals in subsurface soil and groundwater 
were 2 x 10-8 and 1, respectively, for cancer and noncancer health effects.  TPH hazards to 
construction workers from exposure to subsurface soil and groundwater were 0.6 and 0.7, using 
site-specific and Alaska DEC default aromatic and aliphatic fraction percent compositions, 
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respectively.  These levels do not exceed target health goals, and therefore, there are no 
unacceptable human health risks at this site. 
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COPC EPC Units Basis for EPC

Ethylbenzene 70.466241 mg/kg      99% Chebyshev (Mean, Sd) UCL
Toluene 65.82364 mg/kg      99% Chebyshev (Mean, Sd) UCL
Xylenes 312.35616 mg/kg      99% Chebyshev (Mean, Sd) UCL
1,2,4-Trimethylbenzene 82.656134 mg/kg      99% Chebyshev (Mean, Sd) UCL
1,3,5-Trimethylbenzene 14.435342 mg/kg      Hall's Bootstrap UCL                  
GRO 2099.3932 mg/kg      99% Chebyshev (Mean, Sd) UCL

C6-C10 Aliphatic (site specific) 1805.4781 mg/kg Assumes 86 percent Aliphatic
C6-C10 Aromatic (site specific) 293.91505 mg/kg Assumes 14 percent Aromatic

DRO 838.43076 mg/kg      99% Chebyshev (Mean, Sd) UCL
C10-C21 Aliphatic (site specific) 704.28183 mg/kg Assumes 84 percent Aliphatic
C10-C21 Aromatic (site specific) 134.14892 mg/kg Assumes 16 percent Aromatic

RRO 201.13267 mg/kg      95% Chebyshev (Mean, Sd) UCL
C21-C35 Aliphatic (site specific) 201.13267 mg/kg Assumes 100 percent Aliphatic
C21-C35 Aromatic (site specific) 0 mg/kg Assumes 0 percent Aromatic

Benzene 30.479063 ug/L      99% Chebyshev (Mean, Sd) UCL
Ethylbenzene 869.53348 ug/L      99% Chebyshev (Mean, Sd) UCL

Toluene 937.71553 ug/L      99% Chebyshev (Mean, Sd) UCL
Xylenes 2714.6677 ug/L      99% Chebyshev (Mean, Sd) UCL
1,2,4-Trimethylbenzene 177.68874 ug/L      99% Chebyshev (Mean, Sd) UCL
1,3,5-Trimethylbenzene 248.19981 ug/L      99% Chebyshev (Mean, Sd) UCL
Naphthalene 37.180621 ug/L      99% Chebyshev (Mean, Sd) UCL

Bis(2-ethylhexyl)phthalate 4 ug/L
Maximum detected concentration (too few samples 
available to calculate a 95 UCL)

Dibenz(a,h)anthracene 0.1752922 ug/L      95% Chebyshev (Mean, Sd) UCL    
GRO 13369.938 ug/L      99% Chebyshev (Mean, Sd) UCL

C6-C10 Aliphatic (site specific) 8289.3613 ug/L Assumes 62 percent Aliphatic
C6-C10 Aromatic (site specific) 5080.5763 ug/L Assumes 38 percent Aromatic

DRO 9400.5413 ug/L      99% Chebyshev (Mean, Sd) UCL
C10-C21 Aliphatic (site specific) 3572.2057 ug/L Assumes 38 percent Aliphatic
C10-C21 Aromatic (site specific) 5828.3356 ug/L Assumes 62 percent Aromatic

RRO -- ug/L
Chemical was not detected in most recent groundwater 
sample results

C21-C35 Aliphatic (site specific) -- ug/L Assumes 90 percent Aliphatic - no site specific data
C21-C35 Aromatic (site specific) -- ug/L Assumes 30 percent Aromatic - no site specific data

Soil

Groundwater (inhalation exposures)

Table 1
Summary of EPCs Used in the Risk Calculations
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COPC EPC Units Basis for EPC

Benzene 2.36 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Ethylbenzene 2.1 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Toluene 1.54 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Xylenes 12.4 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

1,2,4-Trimethylbenzene 2.9 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

1,3,5-Trimethylbenzene 2.9 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

Naphthalene 1.35 ug/L
Maximum detected concentration (too few samples 
available to calculate a 95 UCL)

Bis(2-ethylhexyl)phthalate -- ug/L Chemical not analyzed for in shallow zone wells
Dibenz(a,h)anthracene -- ug/L Chemical was not detected in shallow zone wells

GRO 902 ug/L
Maximum detected concentration (only detected in one 
shallow zone well)

C6-C10 Aliphatic (site specific) 514.14 ug/L Assumes 62 percent Aliphatic
C6-C10 Aromatic (site specific) 387.86 ug/L Assumes 38 percent Aromatic

DRO 1140 ug/L
Maximum detected concentration (too few samples 
available to calculate a 95 UCL)

C10-C21 Aliphatic (site specific) 433.2 ug/L Assumes 38 percent Aliphatic
C10-C21 Aromatic (site specific) 706.8 ug/L Assumes 62 percent Aromatic

RRO -- ug/L Chemical was not detected in shallow zone wells
C21-C35 Aliphatic (site specific) -- ug/L Assumes 90 percent Aliphatic - no site specific data
C21-C35 Aromatic (site specific) -- ug/L Assumes 30 percent Aromatic - no site specific data

Groundwater (dermal exposures)

Table 1, Continued
Summary of EPCs Used in the Risk Calculations
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ATTACHMENT H-2 
Default Exposure Factors 

The following default exposure factors were used in the evaluation of the construction worker 
scenario.  The default exposure factors are the recommended values in EPA’s Supplemental 
Guidance for Developing Soil Screening Levels for Superfund Sites (2002).  Site-specific 
exposure factors are discussed in Section H.3.3. 

Body Weight.  An adult body weight of 70 kilograms (kg) was used.  This is the average body 
weight for adult men and women combined, rounded to 70 kg (ADEC 2004; USEPA 1989). 

Inhalation Rate.  The recommended construction worker inhalation rate of 20 m3/day was 
selected for soil and groundwater exposure (USEPA 2002).  According to the Exposure Factors 
Handbook (USEPA 1997), an inhalation rate for adults engaged in light activities is 1 m3/hour, 
1.6 m3/hour for those engaged in moderate activities, and a rate 2.5 m3/hour for those engaged in 
heavy activities outdoors.  In a construction scenario, this value of 20 m3/day equates to an 
inhalation rate of 2.5 m3/hour for 8 hours/day, which is likely an overestimate.  For example, 
while the definitions of heavy activities are somewhat subjective, EPA (1997) states 
representative “heavy” activities include vigorous physical exercise (i.e., fast running) and 
climbing stairs carrying a load. 

Soil Ingestion Rate.  An RME soil ingestion rate of 330 mg/day for a construction worker was 
selected as recommended in the Supplemental Soil Screening Guidance (USEPA 2002).  This 
value is the upper-percentile adult ingestion rate from a soil ingestion mass-balance study 
conducted by Stanek et al. (1997) of adults engaged in routine day-to-day activities over a 
4-week period.  However, this estimate, as stated by the authors, is highly uncertain due to the 
small size of the study. 

Skin Surface Area.  For construction workers, an exposed skin surface area of 3,300 cm2 was 
used as recommended in EPA’s supplemental Soil Screening Guidance (USEPA 2002); this 
corresponds to exposure to head, forearms, and hands.   

Adherence Factor.  A soil to skin adherence factor of 0.3 mg/cm2-event was used for the 
construction worker soil exposure scenario (USEPA 2004).  This value in EPA’s Soil Screening 
Guidance is based on studies by Kissel et al. (1996 and 1998) and Holmes et al. (1999) where 
data suggest that (1) soil properties influence adherence, (2) soil adherence varies considerable 
across different parts of the body, and (3) soil adherence varies with activity (USEPA 2002).  
The adherence factor of 0.3 mg/cm2 represents the 95th percentile for construction workers. 
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Dermal Permeability Constant.  The dermal permeability constant reflects the movement of a 
specific chemical from water across the skin and into the blood stream (USEPA 1989).  Dermal 
permeability constants were obtained from EPA’s Dermal Risk Assessment Guidance (USEPA 
2004).  Dermal permeability constants are not available for the following COPCs: 2-
methylnaphthalene, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene ,DRO, and GRO.  
Therefore, dermal exposures cannot be evaluated for these chemicals in groundwater.  See 
further discussion in Section CI.7. 

Dermal Absorption Factor.  The dermal absorption factor represents the fraction of a chemical 
that is absorbed through the skin via contact with soil.  EPA recommends evaluating the dermal 
pathway for those chemicals where dermal absorption data are available (USEPA 2004).  
Therefore, diesel was evaluated for the dermal pathway using a dermal absorption factor of 0.1 
(ADEC 2004; USEPA 2004). 

Averaging Time.  For carcinogens, an averaging time of 70 years (equivalent to a lifetime), or 
25,550 days, was used (USEPA 1989).  For noncarcinogens, an averaging time equal to the 
exposure duration (1 year, or 365 days, for construction worker) was used (ADEC 2004; USEPA 
1989). 
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ATTACHMENT H-3 
Chemical Toxicity Profiles 

Toxic effects of the chemicals of potential concern are presented in this Appendix.  In general, 
the information has been summarized from the latest available Agency for Toxic Substances and 
Disease Registry (ATSDR), U.S. Environmental Protection Agency (EPA) Integrated Risk 
Information System (IRIS), and Oak Ridge National Laboratory Toxicity Values online 
databases. 
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1.0  PETROLEUM HYDROCARBONS 

Petroleum products are complex mixtures of hundreds of different hydrocarbon compounds.  
These mixtures can roughly be divided into four categories based on the boiling point (i.e., the 
distillation fraction) of the individual hydrocarbons and the length of the carbon chains.  These 
four categories are (1) gasoline, where the majority of the hydrocarbons have carbon chain 
lengths ranging from 5 carbons to 10 carbons (C5 to C10), (2) the middle distillates (e.g., 
kerosene, diesel, jet fuels, and lighter fuel oils [C8 to C18]), (3) heavy fuel oils and lubricating 
oils (C19 to C45), and (4) asphaltics (C30+) (API 1989; Sullivan and Johnson 1993). 

Total petroleum hydrocarbons (TPH) are defined by the analytical method used to evaluate them, 
i.e., concentrations of TPH will differ depending on the type of analysis.  The current 
recommended approach for assessing petroleum toxicity is to identify the original source and 
analyze the environmental samples by methods that test for specific carbon fraction ranges as 
well as aliphatic and aromatic fractions (TPHCWG 1999a, b).  These divisions were selected 
based on both the similarity of behavior in the environment (i.e., fate and transport 
characteristics) and toxicity.  If these data are available, then surrogate compounds for which 
toxicity information is available can be selected for each fraction and the mixture can be 
evaluated.  The surrogate approach involves the separation of the petroleum mixtures into 
aliphatic and aromatic equivalent carbon-range fractions (i.e., EC5 to EC8) and the use of 
surrogate compounds or derived values to represent the toxicity of those fractions (ADEC 2000).  
Alaska DEC recommends the toxicity criteria selected by the Total Petroleum Hydrocarbon 
Criteria Working Group (TPHCWG) for sites in Alaska (ADEC 2000).  The State’s carbon chain 
lengths for their recommended divisions of petroleum compounds, i.e., gasoline-range organics 
(GRO), diesel-range organics (DRO), and residual-range organics (RRO), are not identical to the 
fractions proposed by the TPHCWG on which TPHCWG based their toxicity studies.  It is not 
known if the relatively slight differences in carbon chain length fractions would have an impact 
on toxicity.  The surrogate compounds and toxicity criteria for the various aliphatic and aromatic 
carbon-range fractions developed by the TPHCWG and recommended by the ADEC guidance 
are summarized on Table 1.  Only noncancer toxicity criteria are available for the petroleum 
groups.  Carcinogenic effects are not evaluated for the petroleum ranges.  Rather, the individual 
carcinogenic compounds present in petroleum (i.e., benzene) are evaluated separately. 

A discussion of the surrogate compounds and toxicity criteria used to evaluate petroleum 
compounds at this site (GRO and DRO) is provided below.  The criteria used are based on two of 
the State’s three categories of petroleum fuels, GRO, DRO, and RRO. 
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1.1 GRO (ALASKA DEC CARBON CHAIN LENGTH C6–C10) 

Gasoline (unweathered) is a complex mixture of over 200 petroleum-derived chemicals 
consisting primarily of aliphatic hydrocarbons (up to 62 percent; MDEP 1994), and to a lesser 
extent of aromatic hydrocarbons, and polycyclic aromatic hydrocarbons (PAHs).  Additives or 
octane enhancers are frequently added to gasoline.  The range of gasoline hydrocarbons is 
typically from C4 to C12 (State of California 1989) with the majority of the compounds within C5 
to C10.  In the absence of benzene (discussed separately) and potentially ethylbenzene (see 
discussion in Section 8.6), gasoline is unlikely to be carcinogenic and its primary toxic effects 
are related to central nervous system depression (ATSDR 1999).  Long-term effects from 
exposure to weathered product in the environment are not known.  For fresh product, intermittent 
gasoline vapor exposure is common among gas station attendants and mechanics and appears to 
result in generally little to no toxic effect (Andrews and Snyder 1991). 

1.1.1 Aliphatic Fraction Toxicity Criteria 

Both the oral RfD of 5 mg/kg-day and the RfC of 18 mg/m3 that TPHCWG recommends for the 
C5 to C8 fraction (note that Alaska DEC’s GRO analyses span a different chain length group than 
this) are based on studies of exposure to commercial hexane (<53 percent) by rodents (TPHCWG 
1999a, 1999b).  The inhalation value was derived from several rodent studies applying a NOAEL 
of 3,000 ppm (adjusted to 1,840 mg/m3) and an uncertainty factor of 100 (for animal to human 
extrapolation and intrahuman variability).  The oral RfD was calculated using the inhalation RfC 
(assuming an inhalation rate for a 70 kg human of 20 m3/day and 100% absorption).  The critical 
effect for the both oral and inhalation RfC is neurotoxicity. 

1.1.2 Aromatic Fraction Toxicity Criteria 

TPHCWG’s recommended reference dose (RfD) and reference concentration (RfC) for this 
group (C5 to C8) are based on EPA’s criteria for toluene of 0.2 mg/kg-day and 0.4 mg/m3 for the 
oral and inhalation values, respectively.  The toluene criteria are based on a rat study that 
reported changes in liver and kidney weights (USEPA 2002). 

1.2 DRO (ALASKA DEC CARBON CHAIN LENGTH C10–C25) 

Unweathered diesel has toxic effects similar to gasoline, although diesel is less volatile, and less 
toxic.  Like gasoline, diesel is a complex mixture of aliphatic and aromatic hydrocarbons.  
Generally diesel fuels contain 80 to 90 percent aliphatic hydrocarbons and 10 to 20 percent 
aromatic hydrocarbons (ATSDR 1999).  Central nervous system depression appears to be the 
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principal toxic effect in humans from inhalation of diesel vapors, but limited evidence indicates 
there might be other systemic problems (ATSDR 1999). 

1.2.1 Aliphatic Fraction Toxicity Criteria 

The Alaska DEC DRO carbon chain length range does not exactly match the carbon chain length 
fraction upon which the TPHCWG toxicity criteria are based.  Alaska DEC guidance 
recommends using the TPHCWG value for DRO as the closest match available.  The TPHCWG 
oral RfD recommended for the aliphatic portion of the C9 – C16 fraction (closest to Alaska’s 
DRO range) is 0.1 mg/kg-day and is derived from several studies of petroleum mixtures 
containing branched, straight, and cyclic alkanes, and JP-8 within the carbon range of C7–C18.  
The studies noted above were also used to derive TPHCWG’s recommended RfC of 1 mg/m3.  
The studies are mostly unpublished from industry research using rodents (TPHCWG 1999b).  
EPA’s review of TPHCWG’s proposed surrogates found the selection of 0.1 mg/kg-day for 
aliphatic DRO compounds a reasonable one and likely to overestimate the toxicity of this fuel 
(USEPA 2000). 

1.2.2 Aromatic Fraction Toxicity Criteria 

There are a number of aromatic compounds in this C9 – C16 carbon range for which EPA has 
derived RfDs.  The majority of the possible RfDs for individual constituents in this TPH fraction 
are in the 10-2 range.  TPHGWC recommended 0.04 mg/kg-day as an RfD for this fraction range, 
the EPA’s RfD for fluorene and fluoranthene (TPHCWG 1999a,b).  The same study was used to 
derive the RfDs for these two compounds, a subchronic mouse study (USEPA 2002).  EPA’s 
confidence in the RfD is rated as low and they assign an uncertainty factor of 3,000 to the RfD.  
TPHCWG’s recommended RfC of 0.2 mg/m3 is derived from a rodent study where mice were 
exposed to high flash aromatic naphthalene which is composed primarily of C9 compounds 
(TPHCWG 1999b; ATSDR 1999).  

1.3 RRO (ALASKA DEC CARBON CHAIN LENGTH C10–C25) 

This fraction contains nearly all of the polycyclic aromatic hydrocarbons (PAHs) well known for 
their carcinogenic properties.  The carcinogenic potential of RRO is evaluated by each individual 
carcinogenic PAH, discussed separately if selected as a COPC.  This TPH fraction has very low 
volatility; thus health concerns are centered on ingestion and dermal exposures. 



FINAL FFS REPORT, REVISION 1 Attachment H-3 
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 4 
Delivery Order 0007 
 
 
 

 

1.3.1 Aliphatic Fraction Toxicity Criteria 

The aliphatic portion of this TPH fraction has generally been associated with low toxicity 
(ATSDR, 1999).  The oral toxicity criteria of 2.0 mg/kg-day that the TPHCWG recommended 
for the C16 to C35 fraction is derived from rodent subchronic and chronic feeding studies using 
mineral oils (TPHCWG, 1999b).  The toxic endpoint of concern was the development of hepatic 
granulomas (TPHCWG, 1999b; ATSDR, 1999).  ATSDR (1999) reports that adverse effects on 
the liver and the mesenteric lymph nodes appear to be sensitive endpoints for the aliphatic 
portion of this carbon chain length range.  No inhalation toxicity criteria are available. 

1.3.2 Aromatic Fraction Toxicity Criteria 

TPHCWG’s recommended oral toxicity criterion for the aromatic fraction is 0.03 mg/kg-day 
based on EPA’s RfD for pyrene (TPHCWG, 1999b).  EPA’s database for toxicity criteria reports 
that the RfD for pyrene is based on a subchronic feeding study in mice that found adverse effects 
on the kidney (USEPA 2002).  EPA’s confidence level for this RfD is rated as low and the EPA 
assigns an uncertainty factor of 3,000 to the RfD value.  ATSDR notes that hepatic and renal 
effects seem to be sensitive endpoints with this group of compounds (ATSDR 1999). 
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Table 1 
Fractions, Surrogates and Toxicity Reference Doses for 

Total Petroleum Hydrocarbon Compounds (ADEC 2000) 
 

Alaska DEC Compound and 
Carbon-Range Fraction 

TPHCWG 
Surrogate Compound for 

Alaska DEC Carbon Ranges 
Oral RfD 

(mg/kg-day) 
Inhalation RfC 

(mg/m3) 
Aliphatics 
GRO (C6 – C10) Commercial hexane 5.0 18.4 
DRO (C10 – C25) Several studies with compounds 

ranging from C7 – C18 and JP-8 
0.1 1.0 

RRO (C25 – C36) Mineral oil 2 None 
Aromatics 
GRO (C6 – C10) Toluene 0.2 0.4 
DRO (C10 – C25) Fluorene, fluoranthene (oral); 

naphtha (inhalation) 
0.04 0.2 

RRO (C25 – C36) Pyrene 0.03 None 
 
Notes: 
DEC - Department of Environmental Conservation 
DRO - diesel-range organics 
GRO - gasoline-range organics 
JP-8 - jet petroleum No. 8 
mg/kg - milligram per kilogram per day 
NA - none available 
RfC - reference concentration 
RfD - reference dose 
TPHCWG - Total Petroleum Hydrocarbon Criteria Working Group 
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2.0  BENZENE 

Benzene is widely used as an industrial solvent, an intermediate in chemical synthesis of 
commercial products, and a component of gasoline (USEPA 1998b).  The potential for human 
exposure via inhalation, dermal, and oral routes is great under environmental and occupational 
situations (USEPA 1998b). 

The EPA reports an oral RfD for benzene of 0.004 mg/kg-day and an inhalation RfD 0.0086 
mg/kg-day (USEPA 2003).  The critical study for both the oral and inhalation values was a 
human occupational study where the toxic endpoint was decreased lymphocyte counts.  EPA 
assigned an uncertainty factor of 300 to both the oral and inhalation values, of which a factor of 
3 was for subchronic-to-chronic adjustment.  EPA’s confidence in the chronic oral and inhalation 
RfDs is medium. No adjustment was made to the chronic RfDs to evaluate the construction 
worker exposure scenario. 

Under the proposed revised carcinogen risk assessment guidelines (USEPA 1996), benzene is 
characterized as a known human carcinogen for all routes of exposure based upon convincing 
human evidence from occupational epidemiological studies as well as supporting evidence from 
animal studies (USEPA 2003).  Significantly increased risk of leukemia, primarily acute 
myelogenous leukemia (AML), have been reported in benzene-exposed workers in the chemical 
industry, shoemaking and oil refineries (USEPA 2003).  EPA’s IRIS file on benzene summarizes 
several key studies that support the weight of evidence classification that exposure to benzene is 
causally related to an increase in the risk of cancer, specifically leukemia.  Included in these 
studies are the effects of benzene exposure among 28,500 Turkish shoe industry workers; a 
retrospective cohort mortality study where leukemogenic effects of benzene exposure in 748 
white male workers in a rubber products manufacturing plant were examined; and two cohort 
studies by where an extension and elaboration for the initial analysis done for the rubber plant 
workers was performed (USEPA 2003).  These studies were selected by the EPA as the critical 
studies for dose-response analysis and for the quantitative estimation of cancer risk to humans  
(USEPA 2003). 

The true cancer risk from exposure to inhaled benzene cannot be ascertained because of 
uncertainties in the low-dose exposure scenarios and lack of clear understanding of the mode of 
action.  Therefore, “a range of estimates of risk is recommended, each having equal scientific 
plausibility.  The range estimates are maximum likelihood values (i.e., best statistical estimates) 
and were derived from observable dose responses using a linear extrapolation model to estimate 
low environmental exposure risks…The use of a linear model is a default public health protective 
approach and an argument both for and against recognizing supra- and sublinear relationships 
at low doses and non-threshold or threshold modes of action on exposure to benzene.  Therefore, 



FINAL FFS REPORT, REVISION 1 Attachment H-3 
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 8 
Delivery Order 0007 
 
 
 

 

the risk could be either higher or lower” (USEPA 2003).  Thus, the inhalation unit risk estimate 
for benzene is reported as a range, from 2.2E-06 to 7.8E-06 per ug/m3.  The inhalation slope 
factor can then be derived by applying standard inhalation exposure parameters, an air intake of 
20 m3/day and an adult body weight of 70 kg.  The benzene slope factor range is calculated as 
0.0077 to 0.0273 (mg/kg-day)-1.  Risks from benzene inhalation evaluated in this assessment 
used the higher (more health protective) slope factor of 0.0273 (mg/kg-day)-1.  The oral SF for 
benzene is 0.0055 (mg/kg-day)-1.  This value is reported on the EPA’s Region IX PRG tables and 
is based on human data. 
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3.0  ETHYLBENZENE 

Ethylbenzene is a colorless liquid that smells like gasoline and has an odor threshold of 
approximately 2 parts per million (ppm) in air.  Ethylbenzene is used primarily in the production 
of styrene, but is also used as a solvent, a component of asphalt and naphtha, and in fuels 
(gasoline contains about 2 percent ethylbenzene by weight).  Consumer products containing 
ethylbenzene include pesticides, carpet glues, varnishes and paints, and tobacco products.  Acute 
inhalation exposure of humans to high levels of ethylbenzene has been documented to irritate the 
eyes and throat and adversely affect the central nervous system (CNS).  CNS effects include 
dizziness, headaches, confusion, and weakness.  There are no reliable data on toxic effects in 
humans following ingestion of or dermal contact with ethylbenzene.  Whether or not chronic 
exposure to ethylbenzene affects human health is not known because little information is 
available. 

EPA has established an oral RfD for ethylbenzene of 0.1 mg/kg-day, based on a study reporting 
histopathologic changes in liver and kidney tissue in female rats following exposure to 408 or 
680 mg/kg ethylbenzene for 5 days/week for 182 days (Wolf et al. 1956).  The oral RfD was 
calculated by applying an uncertainty factor of 1000 (to account for both intraspecies and 
interspecies variability to the toxicity of ethylbenzene in lieu of specific data, and extrapolation 
of a subchronic effect level to its chronic equivalent) and a modifying factor of 1 to the reported 
NOAEL of 136 mg/kg/day.  The overall confidence in the RfD is rated low because rats of only 
one sex were tested and the experiment was not of chronic duration (USEPA 2003).  For the 
construction worker scenario, the uncertainty factor of 10 for subchronic to chronic extrapolation 
was removed from the oral RfD.  A subchronic oral RfD of 1 mg/kg-day was used to evaluate 
hazards to the construction worker population. 

EPA has established an inhalation RfC for ethylbenzene of 1 mg/m3, based on a study reporting 
reduced numbers of live kits per litter in rabbits and developmental abnormalities in rats with 
chronic inhalation exposure to ethylbenzene at concentrations as low as 434 mg/m3 (Andrew et 
al. 1981).  The inhalation RfC was calculated by applying an uncertainty factor of 300 (to protect 
unusually sensitive individuals, adjust for interspecies conversion, and adjust for the absence of 
multigenerational reproductive and chronic studies) and a modifying factor of 1 to the reported 
LOAEL of 434 mg/m3.  The overall confidence in the RfC is rated low due to the relative lack of 
information on the potential for maternal toxicity and developmental effects (USEPA 2003).  No 
adjustment was made to the inhalation RfC to evaluate subchronic construction worker 
exposures, because there was no uncertainty factor specifically for subchronic to chronic 
extrapolation to remove.  Therefore, the chronic inhalation RfC of 1 mg/m3 (or inhalation RfD of 
0.29 mg/kg-day) was used to evaluate hazards to construction workers. 
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The IRIS record for ethylbenzene classifies the chemical as Group D—not classifiable as to its 
human carcinogenicity—due to lack of animal bioassays and human studies.  No association 
between increased cancer incidence in humans and exposure to ethylbenzene has been reported 
in current literature.  However, recently one animal study has provided clear evidence of 
carcinogenicity in male rats exposed to 750 ppm ethylbenzene for up to 2 years, citing the 
incidence of renal and testicular lesions.  Evidence for female rats and male and female B6C3F1 
mice is suggestive, but not conclusive (NTP 1996).  The National Toxicology Program (NTP) 
and EPA have recently reviewed the 1996 NTP study and have concluded that there is “clear 
evidence” of the carcinogenicity of ethylbenzene in animals by the inhalation route (NTP 1999; 
USEPA 1999).  USEPA has calculated an inhalation unit risk from the male rat data of 1.16 
(ug/m3)-1 corresponding to an inhalation slope factor of 3.85 x 10-3 (mg/kg-day)-1 (USEPA 
1999).  This slope factor has been incorporated into the latest versions of EPA Region 9’s PRG 
list and EPA Region 3’s Risk-Based-Concentration list, both of which have been published as 
revised versions this year and are available on their respective websites. 

REFERENCES 

Andrew, F.D., R.L. Buschbom, W.C. Cannon, R.A. Miller, L.F. Montgomery, D.W. Phelps, et 
al.  1981.  Teratologic assessment of ethylbenzene and 2- ethoxyethanol.  Battelle Pacific 
Northwest Laboratory, Richland, WA.  PB 83- 208074., 108.  

National Toxicology Program (NTP).  1999.  NTP Technical Report on the Toxicology and 
carcinogenesis studies of ethylbenzene in F344/N rats and B6C3F1 mice.  NTP 
publication No. 99-3956.  January. 

———.  1996.  Toxicology and carcinogenesis studies of ethylbenzene in F344/N rats and 
B6C3F1 mice.  Inhalation studies TR-466. 

U.S. Environmental Protection Agency (USEPA).  2003.  Integrated Risk Information System 
(IRIS) Online Database.  June. 

———.  1999.  Risk Assessment Issue Paper for:  Derivation of an Inhalation Unit Risk for 
Ethylbenzene.  Superfund Technical Support Center, National Center for Environmental 
Assessment, Cincinnati, Ohio. 

Wolf, M.A., V.K. Rowe, D.D. McCollister, R.L. Hollingsworth and F. Oyen.  1956.  
Toxicological studies of certain alkylated benzenes and benzene.  Arch. Ind. Health.  
14: 387-398. 



FINAL FFS REPORT, REVISION 1 Attachment H-3 
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 11 
Delivery Order 0007 
 
 
 

 

4.0  2-METHYLNAPHTHALENE 

2-Methylnaphthalene, also called beta methylnaphthalene, is a naphthalene-related compound.  It 
is a solid like naphthalene.  2-Methylnaphthalene has an odor threshold in air of 10 parts per 
billion (ppb), which remains approximately the same when water is applied.  Along with 
naphthalene, it is present in cigarette smoke, wood smoke, fossil fuels, tar, and asphalt, and at 
some hazardous waste sites.  Products containing 2-methylnaphthalene include dyes, resins, and 
vitamin K (ATSDR 2000). 

EPA has established an oral RfD for 2-methylnaphthalene of 0.009 mg/kg-day, based on a study 
reporting increased incidence of pulmonary alveolar proteinosis in lung tissue of mice following 
exposure to 50.3 or 54.3 mg/kg-day 2-methylnaphthalene for 81 weeks (Murata et al. 1997).  The 
oral RfD was calculated by applying an uncertainty factor of 1000 (a factor of 10 each to account 
for both intraspecies and interspecies variability to the toxicity of 2-methylnaphthalene, and a 
third factor of 10 to account for deficiencies in the database and a modifying factor of 1.  The 
overall confidence in the RfD is rated low because of confidence in the database (USEPA 2003).  
Because no uncertainty factor was applied for subchronic-to-chronic exposures, the chronic 
value was not adjusted to derive a subchronic value for the construction worker scenario. 

No inhalation RfD is available for this chemical and EPA specifically states that route-to-route 
extrapolation is not appropriate because there is limited evidence which suggests that the toxicity 
associated with the toxic endpoint (pulmonary alveolar proteinosis) may vary with route of 
exposure (USEPA 2003). 

In addition, there is a lack of evidence for human carcinogenicity of 2-methylnaphthalene.  The 
EPA considers the data as inadequate to assess the human carcinogenic potential (USEPA 2003). 
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5.0  NAPHTHALENE 

Naphthalene is a white solid that evaporates easily.  Naphthalene has an odor threshold in air of 
84 ppb; that threshold is lowered to 21 ppb when water is applied.  Naphthalene is present in 
cigarette smoke, wood smoke, fossil fuels, tar, and asphalt, and at some hazardous waste sites.  
Products containing naphthalene include moth repellents, toilet deodorant blocks, dyes, resins, 
leather tanning agents, and the insecticide, carbaryl (ATSDR 2000). 

In humans, exposure to high concentrations of naphthalene is known to cause hemolytic anemia, 
nausea, vomiting, diarrhea, blood in the urine, and a yellow color to the skin.  In animals, 
ingestion of naphthalene has been shown to cause rats to develop cataracts, and chronic 
inhalation has been shown to cause respiratory inflammation and irritation in mice.  Evidence of 
naphthalene-induced reproductive toxicity is inconclusive.  Evidence that naphthalene is a 
carcinogen is also inconclusive:  female mice with daily lifetime exposures to naphthalene 
developed lung cancer, but a significant association between tumor development and 
naphthalene exposure was not established (ATSDR 2000). 

EPA has established an oral RfD for naphthalene of 0.02 mg/kg-day, based on a study reporting 
decreased mean terminal body weight in rats exposed to 142.9 and 285.7 mg/kg-day 
naphthalene, 5 days/week for 13 weeks (BCL 1980).  The oral RfD was calculated by applying 
an uncertainty factor of 3,000 (to account for interspecies extrapolation, intraspecies 
extrapolation to protect sensitive human populations, subchronic to chronic extrapolation, and 
database deficiencies) and a modifying factor of 1 to the reported NOAEL of 71.4 mg/kg-day.  
The overall confidence in the RfD is rated low because of inadequate chronic oral data for 
naphthalene; the lack of any dose-response data for naphthalene-induced hemolytic anemia; and 
the lack of two-generation reproductive toxicity studies (USEPA 2003).  For the construction 
worker scenario, the uncertainty factor of 10 for subchronic to chronic extrapolation was 
removed and a subchronic oral RfD of 0.2 mg/kg-day was used to evaluate hazards to the 
construction population. 

EPA has established an inhalation RfD for naphthalene of 0.00086 mg/kg-day, based on a study 
reporting hyperplasia and metaplasia in respiratory and olfactory epithelium, respectively, in 
mice exposed to naphthalene concentrations as low as 9.3 mg/m3 (USEPA 2003).  The inhalation 
RfD was calculated by applying an uncertainty factor of 3,000 (to account for interspecies 
extrapolation, protection of sensitive individuals, and extrapolation from a LOAEL to a NOAEL) 
and a modifying factor of 3 (to account for database deficiencies) to the reported LOAEL of 
9.3 mg/m3.  The overall confidence in the RfD is rated low to medium (USEPA 2003).  In 
calculating the inhalation RfD, EPA adjusted the NOAEL for a 7-day exposure from the actual 
5-day exposures that occurred during the critical study (USEPA 2003).  For the construction 



FINAL FFS REPORT, REVISION 1 Attachment H-3 
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 13 
Delivery Order 0007 
 
 
 

 

worker scenario, that adjustment was removed and a subchronic inhalation RfD of 0.0043 
mg/kg-day) was used in the risk calculations. 

EPA has determined that the human carcinogenic potential of naphthalene cannot be determined 
(Group D) due to the lack of human carcinogenicity data and inadequate animal data.  However, 
there is suggestive evidence that naphthalene is carcinogenic in animals.  One study reported 
observations of benign respiratory tumors and one carcinoma in female mice only exposed to 
naphthalene by inhalation (NTP 1992).  Additional support includes increase in respiratory 
tumors associated with exposure to 1-methylnaphthalene (Murata 1993). 
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6.0  TOLUENE 

Toluene is a clear, colorless liquid with a distinctive smell that is produced in the process of 
making gasoline and other fuels from crude oil, in making coke from coal, and as a byproduct in 
the manufacture of styrene.  Toluene is used in making paints, paint thinners, fingernail polish, 
lacquers, adhesives, and rubber and in some printing and leather tanning processes.  The odor 
threshold for toluene in air is approximately 8 ppm, while the taste threshold ranges from 
approximately 0.04 to 1 ppm.  In humans, toluene is a known respiratory irritant with central 
nervous system (CNS) effects.  These effects include headaches, confusion, and memory loss, 
weakness, drunken-type actions, nausea, loss of appetite, dizziness, unconsciousness, loss of 
muscle control, poor balance, and decreased mental ability.  Some of these changes may be 
permanent, depending on exposure. 

EPA has established an oral RfD for toluene of 0.2 mg/kg-day, based on a study reporting liver 
and kidney weight changes in male rats following exposure to 312, 625, 1250, 2500, or 
5000 mg/kg toluene for 5 days/week for 13 weeks (NTP 1989).  The oral RfD was calculated by 
applying an uncertainty factor of 1000 (to account for inter- and intraspecies extrapolations, 
subchronic-to-chronic extrapolation, and limited reproductive and developmental toxicity data) 
and a modifying factor of 1 to the reported NOAEL of 223 mg/kg/day.  The overall confidence 
in the RfD is rated medium (USEPA 2003).  An oral subchronic RfD of 2 mg/kg-day was 
obtained from HEAST (USEPA 1997).  The subchronic RfD is based on the same critical study 
as the chronic value. 

EPA has established an inhalation RfC for toluene of 0.4 mg/m3 (0.11 mg/kg-day), based on a 
study reporting adverse neurobehavioral changes in electronic assembly plant workers with 
chronic exposure to toluene at concentrations as low as 119 mg/m3 (Foo et al. 1990).  The 
inhalation RfC was calculated by applying an uncertainty factor of 300 (to account for 
intraspecies variability, use of a LOAEL, and data base deficiencies) and a modifying factor of 1 
to the reported LOAEL of 119 mg/m3.  The overall confidence in the RfC is rated medium 
(USEPA 2003).  Because the principal study was an occupational one, no adjustment for 
subchronic exposure was made for the construction worker scenario. 

EPA has determined that toluene is not classifiable as to its human carcinogenicity (Group D), as 
human studies have not reported a statistically-significant increased risk of cancer due to 
exposure to toluene.  Animal studies examining adverse effects of toluene following chronic and 
sub-chronic exposure have not reported carcinogenic responses following exposure (CIIT 1980; 
Poel 1963; Coombs et al. 1973; Doak et al. 1976; Lijinsky and Garcia 1972).  Toluene was also 
found to be nonmutagenic in genotoxicity assays using several strains of microorganisms 
(Mortelmans and Riccio 1980; Nestmann et al. 1980; Bos et al. 1981; Litton Bionetics, Inc. 
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1981; Snow et al. 1981).  Although Russian studies (Dobrokhotov 1972; Lyapkalo 1973) have 
reported chromosomal damage in bone marrow cells of rats following toluene exposure, other 
studies have reported no evidence of chromosomal aberrations in blood lymphocytes of workers 
exposed to toluene only (Maki-Paakkanen et al. 1980; Forni et al. 1971). 

The International Agency for Research on Cancer (IARC) and the Department of Health and 
Human Services (DHHS) have also not classified toluene for carcinogenic effects. 
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7.0  1,2,4-TRIMETHYLBENZENE AND 1,3,5-TRIMETHYLBENZENE 

The trimethylbenzenes are part of the aromatic portion of petroleum compounds with effective 
carbon chain (EC) lengths of 9 to 10 (ATSDR 1999).  Limited studies have found a variety of 
adverse health effects for compounds in the EC9 to EC16 group, such as, neurological and 
respiratory irritation, increased kidney weights in rats, and liver effects (ATSDR 1999).  
However, the most sensitive effect is not known and it is not known whether any of these effects 
are associated solely with exposure to 1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene. 

EPA has established a chronic oral RfD for 1,3,5-trimethylbenzene of 0.05 mg/kg-day, based on 
a study reporting decreased body weights, and increased liver and kidney weight changes in male 
and female rats following exposure to 1647 mg/kg-day 1,3,5-trimethylbenzene for 4 days (IITRI 
1995 as cited in USEPA 2002). The chronic oral RfD was calculated by applying an uncertainty 
factor of 3,000 (to account for inter- and intraspecies extrapolations, subchronic-to-chronic 
extrapolation, and limited reproductive and developmental toxicity data), and a modifying factor 
of 1.  The subchronic oral RfD was calculated by removing the uncertainty factor of 10 that 
accounts for subchronic-to-chronic extrapolation.  The subchronic oral RfD is 0.5 mg/kg-day.  
The overall confidence in the RfD is rated high (USEPA 2002). 

EPA has established an inhalation RfC for an isomeric mixture of trimethylbenzenes (1,3,5-
trimethylbenzene and 1,2,4-trimethylbenzene) of 0.006 mg/m3, or an inhalation RfD of 0.0017 
mg/kg-day.  This value is based on a study reporting adverse respiratory, neurological, and 
hematological effects reported in workers exposed to trimethylbenzene isomers at concentrations 
as low as 49 mg/m3 (Battig et al., 1958 as cited in USEPA 2002). The chronic inhalation RfC 
was calculated by applying an uncertainty factor of 3,000 (to account for intraspecies variability, 
use of a LOAEL, and data base deficiencies), and a modifying factor of 1. The subchronic oral 
RfD was calculated by removing the uncertainty factor of 10 that accounts for subchronic-to-
chronic extrapolation.  The subchronic inhalation RfC is 0.06 mg/m3.  The overall confidence in 
the RfC is rated low (USEPA 2002). 
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8.0  N-BUTYLBENZENE, SEC-BUTYLBENZENE, 
TERT-BUTYLBENZENE, AND N-PROPYLBENZENE 

The substituted benzenes are found in diesel-range petroleum hydrocarbons and their source at 
this site is the JP-5.  There is not enough chemical-specific information on n-butylbenzene, sec-
and tert-butylbenzene, and n-propylbenzene to derive toxicity criteria but the National Center for 
Environmental Assistance (NCEA), EPA’s toxicity research arm, has proposed the values 
discussed below based on their structural similarity to other compounds whose toxicity is well 
understood.  Sec- and tert- butylbenzene are structurally similar to cumene, while n-butylbenzene 
and n-propylbenzene are similar to ethylbenzene. 

EPA has established a chronic oral RfD for cumene of 0.1 mg/kg-day, based on a study reporting 
increased kidney weight changes in female rats following exposure to 110 mg/kg-day for 194 
days (Wolf et al. 1956).  The chronic oral RfD was calculated by applying an uncertainty factor 
of 1,000 (to account for inter- and intraspecies extrapolations, subchronic-to-chronic 
extrapolation, and limited reproductive data).  The overall confidence in the cumene RfD is rated 
low (USEPA 1999).  Extrapolating from the cumene data, a provisional oral RfD recommended 
for sec-butylbenzene and tert-butylbenzene is 0.04 mg/kg/day.  The overall confidence in this 
provisional RfD is rated low (USEPA 1999). 

EPA has established a chronic oral RfD for ethylbenzene of 0.1 mg/kg-day, based on a study 
reporting histological alterations to liver and kidneys in female rats following exposure to 
97.1 mg/kg-day for 182 days (Wolf et al. 1956).  The chronic oral RfD was calculated by 
applying an uncertainty factor of 1,000 (to account for inter- and intraspecies extrapolations, 
subchronic-to-chronic extrapolation, and human variability).  The overall confidence in the 
ethylbenzene RfD is rated low (USEPA 1999). 

Extrapolating from the ethylbenzene data, a provisional oral RfD recommended for n-
butylbenzene and n-propylbenzene is 0.04 mg/kg/day.  The overall confidence in this provisional 
RfD is rated very low (USEPA 1999). For the construction worker scenario, an uncertainty factor 
of 3 (rather than 10) to account for subchronic-to-chronic extrapolation was removed to derive a 
subchronic oral RfD of 0.12 mg/kg-day.  

This methodology was also applied to EPA’s inhalation RfD for ethylbenzene of 0.29 mg/kg-day 
to derive an inhalation RfD for n-butylbenzene and n-propylbenzene.  The ethylbenzene 
inhalation RfD was divided by 3 to account for differences in toxicity between these structurally 
related chemicals to derive an inhalation RfD of 0.097 mg/kg-day for n-butylbenzene and n-
propylbenzene.  No adjustment was made to the chronic inhalation RfD to evaluate subchronic 
exposures.   
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9.0  XYLENES 

Xylene is primarily synthesized from petroleum, although it also occurs naturally in petroleum 
and coal tar, and is formed during forest fires.  It is a colorless, flammable liquid with an odor 
threshold of approximately 0.08-3.7 ppm.  Xylene is one of the top 30 chemicals produced in the 
U.S. in terms of volume.  It is used as a solvent, cleaning agent, and paint thinner.  Xylene is also 
used as a component of materials manufactured in the chemical, plastics, and synthetic fiber 
industries.  Isomers of xylene are used in the manufacture of certain polymers (ATSDR 2000). 

In humans, acute exposure to high concentrations of xylene is known to cause irritation of the 
skin, eyes, nose, and throat; difficulty in breathing; impaired function of the lungs; delayed 
response to a visual stimulus; impaired memory; stomach discomfort; and possible changes in 
the liver and kidneys.  Both acute and chronic exposure to high concentrations of xylene can also 
cause a number of effects on the nervous system, such as headaches, lack of muscle 
coordination, dizziness, confusion, and loss of balance.  Most of the information on long-term 
exposure to xylene is from studies of workers employed in industries that make or use xylene.  
Animal studies indicate that exposure to high concentrations of xylene can cause harmful effects 
on the liver, kidneys, lungs, heart, and nervous system.  Studies of unborn animals have reported 
dose-dependent developmental toxicity (i.e., increased numbers of deaths, decreased weight, 
skeletal changes, delayed skeletal development).  In many instances, the same xylene 
concentrations cause deleterious health effects in the mothers (ATSDR 2000). 

EPA has recently re-evaluated the toxicity of mixed xylenes and has revised its previous oral 
RfD for xylenes to 0.2 mg/kg-day (USEPA 2003).  EPA has applied an uncertainty factor of 
1,000 to the study NOAEL to account for intra and inter species differences (factor of 10 each), 
and a factor of 10 for data base uncertainties.  In calculating the oral RfD, EPA adjusted the 
NOAEL for a 7-day exposure from the actual 5-day exposures that occurred during the critical 
study (USEPA 2003).  For the construction worker scenario, the adjustment was removed, giving 
a subchronic oral RfD of 0.25 mg/kg-day. 

The recent re-evaluation also has established a reference concentration for xylenes of 0.1 mg/m3, 
equivalent to an inhalation RfD of 0.029 mg/kg-day.  An uncertainty factor of 300 was applied to 
the study NOAEL as follows: factor of three applied for interspecies differences, factor of three 
for subchronic-to-chronic adjustments, a factor of 10 for human variability.  For the construction 
worker scenario, the factor of three for subchronic to chronic extrapolation was removed, giving 
a subchronic inhalation RfD of 0.09 mg/kg-day.  

The critical endpoint for both the RfD and the RfC is neurotoxicity.   
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EPA has determined that the human carcinogenic potential of xylene cannot be determined 
(Group D) due to the lack of human carcinogenicity data and inadequate animal data.  The NTP 
study (1986) used to derive the original oral RfD reported no evidence of carcinogenicity (i.e., 
neoplastic lesions, etc.) in rats exposed orally to 0, 250, 500, or 1,000 mg/kg-day xylene via 
gavage.  However, Maltoni et al. (1985) reported higher incidences (versus controls) of 
malignant tumors in male and female rats treated by gavage with xylene in olive oil at 500 
mg/kg-day, 5 days/week for 104 weeks.  Berenblum (1941) reported that “undiluted” xylene 
applied at weekly intervals produced one tumor-bearing animal out of 40 after 25 weeks in skin-
painting experiments in mice. 
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10.0  CARCINOGENIC PAHS 

(BENZO[a]PYRENE, BENZO[a]ANTHRACENE, BENZO[b]FLUORANTHENE, 
BENZO[k]FLUORANTHENE, DIBENZ[a,h]ANTHRACENE, INDENO[1,2,3-cd]PYRENE) 

Toxicity of all carcinogenic polycyclic aromatic hydrocarbons (PAHs) are based on 
benzo(a)pyrene and all of these chemicals have similar toxic endpoints.  Thus, only 
benzo(a)pyrene is discussed in this profile.  The relative toxicity of the carcinogenic PAHs to 
benzo(a)pyrene is as follows:  benzo(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
dibenzo(a,h)anthracene, and indeno(1,2,3-cd)pyrene are 0.1, 0.1, 0.001, 1,  and 0.1 times as toxic 
as benzo(a)pyrene, respectively. 

Benzo(a)pyrene, a PAH, is a common and persistent environmental contaminant.  It is produced 
as a mixture of PAHs during combustion reactions, and is a component of tobacco smoke, 
automobile exhaust and air pollution (Mauderly 1993). 

Little or no data is available on the toxicity of benzo(a)pyrene in humans.  Because exposure 
scenarios most commonly involve mixtures of PAHs, it is not possible for epidemiological 
studies to associate adverse health effects with exposure to benzo(a)pyrene alone.  However, 
benzo(a)pyrene toxicity has been well documented in animals.  For instance, benzo(a)pyrene has 
been identified as a vascular toxicant capable of initiating and/or promoting arteriosclerosis (Ou 
and Ramos 1992).  Benzo(a)pyrene has also been shown to affect reproductive function in both 
male and female animals.  Mice fed high levels of benzo(a)pyrene during pregnancy had 
difficulty reproducing, and so did their offspring.  Birth defects and decreased body weight were 
also observed in the offspring (ORNL 1982).  Similar adverse health effects could occur in 
humans, but no data exists that allow a certain determination to be made (ATSDR 2000). 

No non-carcinogenic toxicity values (i.e., reference dose, reference concentration) are listed for 
benzo(a)pyrene by the U.S. Environmental Protection Agency (EPA) Integrated Risk 
Information System (IRIS) or Oak Ridge National Laboratory (ORNL) Risk Assessment 
Information System (RAIS) online databases (EPA 2002; ORNL 2002). 

The primary health concern associated with benzo(a)pyrene exposure is its ability to induce 
and/or promote cancer.  Animal studies report the formation of DNA adducts and tumors in the 
liver, lung, and stomach of animals, and human skin cells, exposed to benzo(a)pyrene (Culp and 
Beland 1994; Zhang et al. 1990).  The U.S. Department of Health and Human Services (DHHS) 
has determined that benzo[a]pyrene is a known animal carcinogen.  Both the International 
Agency for Research on Cancer (IARC) and the U.S. Environmental Protection Agency (EPA) 
have determined that benzo[a]pyrene is also a probable human carcinogen (ATSDR 2000). 
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EPA has classified benzo(a)pyrene as a probable human carcinogen (Group B2) based on data 
from three studies reporting increased incidence of forestomach tumors in mice and rats (Neal 
and Rigdon 1967; Rabstein et al. 1973; Brune et al. 1981).  This classification is supported by 
positive results from mutagenicity assays (EPA 2002).  The oral slope factor (SF) for 
benzo(a)pyrene (calculated using data from the previously referenced mouse and rat studies) is 
7.3 (mg/kg-day)-1.  A provisional inhalation SF of 3.1 (mg/kg-day)-1 has been developed for 
benzo(a)pyrene by the National Center for Environmental Assessment (NCEA 1995). 
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11.0  CIS-1,2-DICHLOROETHENE 

Cis-1,2-dichloroethene, also called 1,2-dichloroethylene, is a highly flammable, colorless liquid 
with a sharp, harsh odor.  Cis-1,2-dichloroethene has an odor threshold in air of approximately 
17 ppm.  This chemical is most often used to produce solvents and in chemical mixtures.  Cis-
1,2-Dichloroethene has been released to air, water, and soil from chemical factories that make or 
use it, landfills and hazardous waste sites, chemical spills, burning of objects made of vinyl, and 
breakdown of other chlorinated chemicals (ARSDR 2000). 

In humans, health effects associated with acute exposure to high concentrations of 1,2-
dichloroethene include nausea, drowsiness, and fatigue (ATSDR 2000).  At least one fatality was 
reported to have occurred following inhalation of 1,2-Dichloroethene vapor in a small enclosure 
(Hamilton 1934).  The human health effects (i.e., cancer, reproductive effects) after chronic 
exposure to low concentrations of 1,2-dichloroethene are not known.  In animals, ingestion of 
extremely high doses of cis-1,2-dichloroethene was fatal (McMillan 1986); lower oral doses 
caused significant decreases in total blood cell counts, red blood cell counts, peripheral blood 
hemoglobin and hematocrit levels (McMillan 1986), and function of hepatic enzyme systems 
(Freundt and Macholz 1978).  Results of a recent animal study also suggest that prenatal 
exposure may retard fetal growth and development (Hurtt et al. 1993). 

No toxicity criteria are available for cis-1,2-dichloroethene from either the EPA’s Integrated 
Risk Information System (IRIS) database or the National Center for Environmental Assessment 
(NCEA).  An oral Reference Dose (RfD) of 0.01 mg/kg-day was obtained from EPA’s Health 
Effects Assessment Summary Tables (USEPA 1997).  The RfD was based on a subchronic study 
reporting decreased hemoglobin production in rats ingesting 32 mg/kg-day cis-1,2-
dichloroethene (ORNL 2002).  The oral RfD was calculated by applying an uncertainty factor of 
3000 to the reported LOAEL of 32 mg/kg-day.  This RfD was used in this report to evaluate the 
potential for noncancer health effects (USEPA 1997).  For construction worker exposures, the 
uncertainty factor of 10 for subchronic to chronic was removed to derive a subchronic RfD of 
0.1 mg/kg-day. 

No inhalation Reference Concentration (RfC) for cis-1,2-dichloroethene were located on EPA’s 
IRIS online database or Region IX Preliminary Remediation Goals Table, or the Oak Ridge 
National Laboratory’s (ORNL) Toxicity Profiles or Toxicity Values online databases. 

EPA has determined that the human carcinogenic potential of cis-1,2-dichloroethene can not be 
determined (Group D) due to the lack of human carcinogenicity data and generally non-positive 
results in mutagenicity assays (EPA 1995).  Although a dose-dependent increase in mutations 
were observed in a host-mediated assay, the chemical did not yield positive results in a 
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Salmonella typhimurium spot test assay (Cerna and Kypenova, 1977).  In addition, no positive 
results were observed for point mutation, mitotic gene conversion or mitotic recombination 
assays in Saccharomyces cerevisiae (Galli et al. 1982), and cis-1,2-Dichloroethylene did not 
induce chromosomal aberrations in mouse bone marrow in vivo (Cerna and Kypenova, 1977). 
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12.0  TRICHLOROETHENE 

Trichloroethene (TCE) has been in commercial production for more than 75 years in the United 
States.  TCE has been extensively used for degreasing of fabricated metal parts, in dry cleaning, 
and as a solvent for oils, resins, waxes, paints, lacquers, printing inks, fabric dyes, disinfectants, 
and as an intermediate in the manufacture of other chemicals. 

The EPA recently evaluated health risks from exposure to TCE in a document titled 
Trichloroethylene Health Risk Assessment: Synthesis and Characterization (USEPA 2001).  This 
document is an external review draft to which EPA is soliciting comments and its findings are 
subject to change; however, its findings are used in this report as the latest available information 
for TCE. 

Previous investigations had suggested that TCE’s cancer classification be on a B2 to C 
continuum, indicating that there was some evidence for its carcinogenicity in animals and no 
evidence in humans.  However, EPA’s recent review of the literature recommended that TCE be 
considered “highly likely” to produce cancer in humans and has proposed that TCE be classified 
as a B1 carcinogen – a probable human carcinogen with sufficient evidence in animals and 
limited evidence in humans.  The reasons for the increased certainty in the chemical’s ability to 
cause cancer in humans are due to new epidemiological evidence and new information on the 
ways in which TCE could be inducing cancer (modes of action).  The information on TCE 
carcinogenicity is complex and consistent responses are not seen across species.  The metabolism 
of TCE is also complex and various metabolites are likely involved in the carcinogenic process.  
In addition, humans are exposed to TCE metabolites from other sources than just TCE and some 
researchers consider that background exposures to these metabolites may affect a person’s 
response to TCE.  There is also some evidence that the human population could have 
subpopulations that are particularly sensitive to TCE because of 1) genetic predisposition, 
2) environmental factors such as the consumption of alcohol, and 3) age – children may be more 
sensitive than adults. 

Five types of cancer in humans are potentially linked with TCE exposure: liver, kidney, lymph-
hematopoietic, cervical, and prostate.  Given the complexity of the cancer data, several studies 
with liver, kidney, and lymphoma cancer data (for which there is supporting animal information) 
were used to derive a range of slope factors from 0.02 (mg/kg-day)-1 to 0.4 (mg/kg-day)-1.  The 
EPA considers that these slope factors represent “a middle range of risk estimates where 
confidence is greatest.”  The lower end of this range, 0.02 (mg/kg-day)-1 is based on the 
incidence of kidney cancer in German cardboard workers exposed to TCE in the workplace, 
while the higher end is based on the incidence of non-Hodgkin’s lymphoma in females exposed 
to TCE in their drinking water.  
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EPA Region 10 and most other EPA regions recommend the use of the high end of the slope 
factor range, to attempt to be protective of all potential human receptors.  Individuals who have 
increased susceptibility to the adverse effects of TCE include diabetics, people who consume 
ethanol or acetaminophen, people who are otherwise exposed to TCE or its metabolites, and 
probably children.  Insufficient information was available to the authors of the TCE assessment 
to quantify the protectiveness of any given part of the range for sensitive individuals, so 
employing the high end of the range is considered prudent.  EPA’s previous inhalation slope 
factor for TCE, based on animal data of 0.006 (mg/kg-day)-1 (USEPA 2001), has been 
withdrawn from EPA’s online toxicity database, IRIS.  The Science Advisory Board’s (SAB’s) 
largely favorable review of the new TCE health assessment recommended that an  additional 
new study be evaluated and that additional clarity and transparency be incorporated into the 
assessment.  EPA’s Office of Research and Development (ORD) is currently working on 
responses to the SAB comments and, in addition, the National Academy of Sciences will conduct 
a review.  These must be completed before the TCE assessment enters the formal IRIS review 
process.  Until all of this has been completed, the Superfund Technical Support Center of NCEA 
has recommended the use of the external review draft of the TCE health risk assessment 
(USEPA 2003). 

The external review draft also evaluated the noncancer effects associated with TCE exposures. 
An inhalation RfD of 0.011 mg/kg-day was derived from five studies (4 in humans, 1 in rodents) 
based on effects in the central nervous system, liver, and endocrine system (USEPA 2001).  The 
EPA has selected an uncertainty factor of 1,000 for this RfD to account for subchronic-to-
chronic extrapolation, interspecies variability and intraspecies variability.  For construction 
worker exposures, the uncertainty factor of 10 for subchronic-to-chronic extrapolation was 
removed to derive a subchronic inhalation RfD of 0.1 mg/kg-day.  EPA recommends an oral RfD 
of 0.0003 mg/kg-day based on CNS, liver and endocrine effects in a subchronic mouse study.  
NCEA used EPA’s maximum uncertainty factor of 3,000 to adjust the study NOAEL to an oral 
RfD, by NCEA considered the data sufficiently equivocal that even an uncertainty factor of 
5,000 might be appropriate (USEPA 2001).  Therefore, the data set is too uncertain to adjust for 
subchronic exposures.  The chronic oral RfD of 0.0003 mg/kg-day was used to evaluate 
subchronic exposures. 
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13.0  CARBAZOLE 

Carbazole, a heterocyclic aromatic compound containing a dibenzopyrrole system, is produced 
during coal gasification, and is present in cigarette smoke.  Coal tar produced at high temperature 
contains an average of 1.5% carbazole.  Several thousand tons of carbazole are produced each 
year from coal tar and crude oil.  It is used widely in synthesis of dyes, pharmaceuticals, and 
plastics (NTP 2002). 

Little toxicity information exists for carbazole alone; no specific toxicity criteria are available on 
the U.S. Environmental Protection Agency (EPA) Integrated Risk Information System (IRIS 
2002), Oak Ridge National Laboratory (ORNL) Toxicity Profile (2002), or Agency for Toxic 
Substances and Disease Registry (ATSDR) Toxicological Profile (2000) databases. 

Studies of coal tar fractions have suggested that carbazole is a carcinogen (Poel and Kammer 
1957).  The ORNL Toxicity Value online database lists a preliminary oral slope factor (SF) of 
0.02 (mg/kg-day)-1 for carbazole (ORNL 2002).  EPA’s Region IX Preliminary Remediation 
Goals (PRG) table lists an inhalation SF for carbazole of 0.02 (mg/kg-day)-1 (EPA 2000).  
However, no further toxicity information (i.e., target organs, specific carcinogenic effects, study 
data used to generate SF values, etc.) is provided by ORNL or EPA. 
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14.0  DIBENZOFURAN 

Dibenzofuran is an organic compound that contains two benzene rings fused to a central furan 
ring.  Isomers (especially chlorinated) of dibenzofuran are common contaminants of 
polychlorinated biphenyl (PCB)-containing insulating oils found in capacitors, transformers, and 
fluorescent light fixtures (ATSDR 2000). 

Much of what is known about the human health effects associated with exposure to dibenzofuran 
comes from studies of large numbers of people who consumed rice oil contaminated with PCBs 
in Japan in 1968 (e.g., the Yusho incident) and in Taiwan in 1979 (e.g., the Yu-Cheng incident) 
(Chen and Hsu 1986; Kuratsune 1989; Kashimoto and Miyata 1986; Okumura 1984; Rogan 
1989; ATSDR 2000).  These individuals ingested high doses of dibenzofurans (e.g., 3.3 and 
3.8 mg in Japan and Taiwan, respectively).  Skin and eye irritations, especially severe acne, 
darkened skin color, and swollen eyelids with discharge, were the most obvious health effects 
associated with exposure.  However, these effects did not develop in some people until weeks or 
months after exposure and might not have occurred at all in other people.  Dibenzofuran 
exposure also caused vomiting and diarrhea, anemia, more frequent respiratory infections, 
numbness and other effects on the nervous system, and mild cellular changes in the liver.  The 
children born to the poisoned mothers were observed to have acne and other skin irritations.  
Young children of these mothers also had slight learning disabilities, although it is not clear 
whether those effects were permanent. 

The U.S. Environmental Protection Agency (EPA) Integrated Risk Information System (IRIS) 
online database does not list an oral Reference Dose (RfD) for dibenzofuran (EPA 2002).  
However, the Oak Ridge National Laboratory (ORNL) Risk Assessment Information System 
(RAIS) Toxicity Value online database reports an oral RfD for dibenzofuran of 0.004 mg/kg-day 
(ORNL 2002).  The studies from which this RfD was derived are not reported.  No inhalation 
Reference Concentration (RfC) for dibenzofuran is reported by ORNL, EPA, or the Agency for 
Toxic Substances and Disease Registry (ATSDR).  Although route-to-route extrapolation in snot 
generally recommended, no information is available to discount the use of the oral RfD in 
estimating inhalation exposures to dibenzofuran.  Therefore, the oral RfD was used to evaluate 
inhalation exposures.  In addition, insufficient information is available to derive a subchronic 
oral RfD.  Therefore the chronic oral RfD was also used to evaluate subchronic construction 
worker exposures. 

EPA has determined that the human carcinogenic potential of dibenzofuran can not be 
determined (Group D) due to inadequate animal data and the lack of data on the possible 
carcinogenicity of dibenzofuran alone.  Increased hepatic cancers were seen in individuals 
exposed to dibenzofuran in the Yusho and Yu-Cheng incidents; however, these individuals were 
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exposed to a mixture of dibenzofurans and PCBs, so a causative association between 
dibenzofuran exposure and cancer can, therefore, not be made (Kuratsune et al. 1987; Hsu et al. 
1985; Rogan 1989). 
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15.0  1,2-DICHLOROETHANE 

1,2-Dichloroethane is a clear, man-made liquid that evaporates quickly at room temperature. It 
has a pleasant smell and a sweet taste. 1,2-Dichloroethane is used primarily in the manufacture 
of vinyl chloride, as well as in the synthesis of tetrachloroethylene, trichloroethylene, 1,1,1-
trichloroethane, vinylidene chloride, aziridines, and ethylenediamines. It is added to gasoline as a 
lead-scavenging agent, and, in the past, has been used as a metal degreasing agent; a solvent; and 
a fumigant for grain, upholstery, and carpets. It has also been used in paints, coatings, adhesives, 
varnishes, finish removers, soaps, and scouring agents (U.S. Air Force 1989; ATSDR 1999). 

Bronchitis, hemorrhagic gastritis and colitis, hepatocellular damage, renal tubular necrosis, and 
histopathological changes in the brain have been reported in cases of acute oral poisoning of 
humans. Acute inhalation exposures to 1,2-dichloroethane (75-125 ppm) can result in irritation 
of the eyes, nose and throat; dizziness; nausea; vomiting; increasing stupor; cyanosis; rapid 
pulse; delirium; anesthesia; partial paralysis; loss of tactile sense; degenerative changes in the 
myocardium; liver and kidney damage; pulmonary edema; and systemic hemorrhaging. Chronic 
occupational exposure to 1,2-dichloroethane may result in central nervous system effects (i.e., 
irritability, sleeplessness, decreased heart rate), loss of appetite; nausea, vomiting, epigastric 
pain, and liver and kidney damage (NIOSH 1976, CEC 1986; ATSDR 1999; Nouchi et al. 1984). 
In animals, subchronic and chronic inhalation exposures to 1,2-dichloroethane resulted in 
pathological lesions in the kidney, liver, heart, lungs, and testes (NTP 1991; Cheever et al. 1990). 

The U.S. Environmental Protection Agency (EPA) Integrated Risk Information System (IRIS) 
online database does not list an oral Reference Dose (RfD) for 1,2-dichloroethane (EPA 2002). 
However, a provisional RfD of 0.03 mg/kg-day has been derived by EPA (EPA 1994) from a 
NOAEL of 26 mg/kg-day for rats tested in a subchronic gavage study (NTP 1991).   (The 5-day 
per week exposure NOAEL was adjusted to a 7-day per week exposure NOAEL to account for 
chronic exposures). The provisional oral RfD was calculated by applying an uncertainty factor of 
1000 and a modifying factor of 1 to the reported NOAEL of 26 mg/kg-day. Use of the 
provisional RfD in risk assessment reports for specific sites must be approved by EPA.  For 
subchronic exposures, the adjustment from 5-day per week exposures to 7-day per week 
exposures was removed to derive a subchronic oral RfD of 0.037 mg/kg-day. 

An inhalation reference concentration (RfC) for 1,2-dichloroethane has not been established by 
EPA (EPA 2002). However, EPA has also derived a provisional RfC of 0.005 mg/m3, or 
inhalation RfD of 0.0014, (EPA 1994) from a LOAEL (gastrointestinal disturbances and liver 
and gallbladder disease) of 10 mg/m3 for occupationally exposed workers (Kozik 1957).  The 
provisional inhalation RfD was calculated by applying an uncertainty factor of 3000 and a 
modifying factor of 1 to the reported LOAEL. (The 5-day per week exposure LOAEL was 



FINAL FFS REPORT, REVISION 1 Attachment H-3 
Area 303, Former Adak Naval Complex Revision No.:  1 
Naval Facilities Engineering Command Northwest Date:  8/11/11 
Contract No. N44255-09-D-4001 Page 34 
Delivery Order 0007 
 
 
 

 

adjusted to a 7-day per week exposure LOAEL to account for chronic exposures).  Use of the 
provisional RfC in risk assessment reports for specific sites must be approved by EPA.  For 
subchronic exposures, the adjustment from 5-day per week exposures to 7-day per week 
exposures was removed, in addition to the uncertainty factor of 10 to account for subchronic-to-
chronic extrapolation.  A subchronic inhalation RfD of 0.067 mg/kg-day was derived. 

EPA has classified 1,2-dichloroethane as a probable human carcinogen (Group B2) based on 
induction of several tumor types in rats and mice treated by gavage, and lung papillomas in mice 
after topical application (NCI 1978). 1,2-Dichloroethane has also been shown to be mutagenic 
for Salmonella (Nestmann et al., 1980). Metabolites of 1,2-dichloroethane have been shown to 
form adducts with DNA after in vitro or in vivo exposures (EPA 2002).  EPA recommends an 
oral cancer slope factor of 0.091 (mg/kg-day)-1 (USEPA 2002).  EPA also recommends that the 
oral cancer slope factor be used to evaluate cancer risks resulting from inhalation exposures 
(USEPA 2002). 
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16.0  BIS(2-ETHYLHEXYL)PHTHALATE 

The compound bis(2-ethylhexyl)phthalate, or di(2-ethylhexyl)phthalate (DEHP), is a colorless, 
oily liquid with a slight odor.  DEHP’s primary use is as a plasticizer in the production of 
polyvinyl chloride (PVC) (ATSDR 2002). 

There is very limited information on human health effects from inhalation, ingestion, or dermal 
contact with DEHP.  No human studies have been conducted to provide inhalation toxicity 
information on this chemical.  However, several animal studies have been performed and 
indicate that DEHP has a low toxicity.  An LOAEL of 1,000 mg/m3 was established for DEHP 
based on a rat study that noted respiratory effects and increased liver weights when exposed to 
1,000 mg/m3/day of aerosol.  A human ingestion study indicated gastrointestinal distress 
occurred from ingesting 10 grams of DEHP.  The LOAEL for human ingestion of DEHP is 
100 mg/kg-day.  A dermal contact study was conducted on humans (unknown concentration) and 
rabbits (19,800 mg/kg/day) that produced no toxic effects (ATSDR 2002). 

The current oral RfD of 0.02 mg/kg-day for DEHP is based on a study performed on a group of 
guinea pigs that were fed diets containing 64 or 19 mg/kg bodyweight (bw)/day of DEHP for 
1 year.  The effects observed were increased liver weights.  The RfD is based on the LOAEL of 
19 mg/kg bw/day and an uncertainty factor of 1,000 and a modifying factor of 1.  The overall 
confidence in the RfD was rated medium (USEPA 2006). 

The oral and inhalation SF for DEPH is 0.014 (mg/kg-day)-1.  According to the EPA’s IRIS 
database (USEPA 2006) DEPH is classified as Group B2, a probable human carcinogen based 
on increased incidence of liver tumors in rats and mice from ingesting DEPH in their diet. The 
Cal EPA (2002) inhalation slope factor is 0.0084 (mg/kg-day)-1, and was calculated from a 
cancer potency value derived for a Proposed Maximum Contaminant Level.  Because the EPA’s 
inhalation slope factor is a route-to-route extrapolation, the Cal EPA inhalation slope factor was 
used to calculate risks in this assessment. 
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Table 1
Inhalation of Groundwater Vapors during Construction Activities
Current/Future

Exposure Medium: Groundwater Noncancer Hazard = CS x SIFnc / RfD

Exposure Point: Construction site groundwater Cancer Risk = CS x SIFc x CSF

Receptor Population: Construction Workers

Receptor Age: Adults 

RME

Parameter Units Value RfD-I CSF-I

Chemical Concentration in Tap Water (CW) ug/L chem-specific Chemical (mg/kg-d) (mg/kg-d)-1

Ingestion Rate of Air (Inh) m3/day 20 Benzene 9.0E-03 2.9E-02
Exposure Frequency (EF) days/year 190 Ethylbenzene 2.9E-01 --

Exposure Duration (ED) years 1 Toluene 1.1E-01 --

Volitilization Factor for water (VFw) L/m3 0.01 Xylenes 9.0E-02 --

Conversion Factor (CF) mg/ug 1.0E-03 1,2,4-Trimethylbenzene 1.7E-02 --

Body Weight (BW) kg 70 1,3,5-Trimethylbenzene 1.7E-02 --

Averaging Time (noncancer) (ATnc) days 365 Naphthalene 4.3E-03 --

Averaging Time (cancer) (ATc) days 25550 bis(2-ethylhexyl)phthalate 3.0E-03 1.4E-02
Dibenzo(a,h)anthracene -- 3.1E+00

SIFnc = ((Inh* VFw* EF* ED* CF) /(BW*Atnc)) L-mg/ug-kg-d 1.49E-06 C6-C10 Aliphatic (site specific) 5.3E+00 --

SIFc = ((Inh*VFw*EF*ED*CF)/(BW*ATc)) L-mg/ug-kg-d 2.12E-08 C6-C10 Aromatic (site specific) 1.1E-01 --

Target Hazard Unitless 1.00E+00 C10-C21 Aliphatic (site specific) 2.9E-01 --

Target Risk Unitless 1.00E-04 C10-C21 Aromatic (site specific) 6.0E-02 --

C21-C35 Aliphatic (site specific) 2.0E+00 --

C21-C35 Aromatic (site specific) 3.0E-02 --

C6-C10 Aliphatic (ADEC Default) 5.3E+00 --

C6-C10 Aromatic (ADEC Default) 1.1E-01 --

C10-C21 Aliphatic (ADEC Default) 2.9E-01 --

C10-C21 Aromatic (ADEC Default) 6.0E-02 --

C21-C35 Aliphatic (ADEC Default) 2.0E+00 --

C21-C35 Aromatic (ADEC Default) 3.0E-02 --

Reasonable Maximum Exposure

Construction Site Groundwater CW Intake nc Intake c Hazard Cancer

ug/L (mg/kg-d) (mg/kg-d) Quotient Risk

Chemical

Benzene 30 4.53E-05 6.48E-07 0.0050 1.9E-08
Ethylbenzene 870 1.29E-03 1.85E-05 0.0045 --

Toluene 938 1.39E-03 1.99E-05 0.013 --

Xylenes 2715 4.04E-03 5.77E-05 0.045 --

1,2,4-Trimethylbenzene 178 2.64E-04 3.78E-06 0.016 --

1,3,5-Trimethylbenzene 248 3.69E-04 5.27E-06 0.022 --

Naphthalene 37 5.53E-05 7.90E-07 0.013 --

Bis(2-ethylhexyl)phthalate 4 (b) (b) -- --

Dibenz(a,h)anthracene 0.18 (b) (b) -- --

C6-C10 Aliphatic (site specific) 8289 1.23E-02 1.76E-04 0.0023 --

C6-C10 Aromatic (site specific) 5081 7.56E-03 1.08E-04 0.069 --

C10-C21 Aliphatic (site specific) 3572 (b) (b) -- --

C10-C21 Aromatic (site specific) 5828 (b) (b) -- --

C21-C35 Aliphatic (site specific) (a) (b) (b) -- --

C21-C35 Aromatic (site specific) (a) (b) (b) -- --

C6-C10 Aliphatic (ADEC Default) 9359 1.39E-02 1.99E-04 0.0026 --

C6-C10 Aromatic (ADEC Default) 6685 9.94E-03 1.42E-04 0.090 --

C10-C21 Aliphatic (ADEC Default) 7520 (b) (b) -- --

C10-C21 Aromatic (ADEC Default) 3760 (b) (b) -- --

C21-C35 Aliphatic (ADEC Default) (a) (b) (b) -- --

C21-C35 Aromatic (ADEC Default) (a) (b) (b) -- --

Non-TPH Compounds Total 0.12 1.9E-08

TPH Compounds Total (Site Specific) 0.071 --
TPH Compounds Total (ADEC Default) 0.093 --

(a) Chemical not detected in most recent groundwater samples

(b) This chemical is not considered volatile.  The inhalation pathway is only complete for volatile chemicals.

Summary of inhalation and dermal hazards and risks:

Non TPH Compounds 0.119 2.4E-08

TPH Compounds Total (Site Specific) 0.071 --

TPH Compounds Total (ADEC Default) 0.093 --
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ABBREVIATIONS AND ACRONYMS 

95UCL 95 percent upper confidence limit 
ARC Adak Reuse Corporation 
bgs below ground surface 
COPEC chemical of potential ecological concern 
CSM conceptual site model 
DEC Department of Environmental Conservation (State of Alaska) 
DRO diesel-range organics 
Ecology Washington State Department of Ecology 
EPA U.S. Environmental Protection Agency 
ERA ecological risk assessment 
GRO gasoline-range organics 
MDC maximum detected concentration 
MLLW mean lower low water 
mg/kg/day milligram per kilogram per day 
Navy U.S. Navy 
NOAEL no observed adverse effect level 
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RRO residual-range organics 
SMDP Scientific/Management Decision Point 
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URS URS Group, Inc. (also URS Consultants, Inc.) 
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ECOLOGICAL RISK ASSESSMENT 

1.0   INTRODUCTION 

This appendix presents the findings of the ecological risk assessment (ERA) of Main Road 
Pipeline and Solid Waste Management Unit (SWMU) 62 Area 303, Adak Island, Alaska.  The 
risk assessment described in this appendix is deliberately limited to the evaluation of risks 
associated with petroleum product releases and metals.  This limitation places bounds on the 
chemicals of potential ecological concern (COPECs) evaluated during the risk assessment, but has 
no effect on the risk assessment procedures used or guidance followed during this risk 
assessment. 

The risk assessment procedures used follow current Alaska Department of Environmental 
Conservation (DEC) and U.S. Environmental Protection Agency (EPA) ecological risk 
assessment guidance (ADEC 2000 and USEPA 1997a and 1997b).  Very little ecological toxicity 
data (i.e., toxicity reference values) are available for petroleum mixtures such as total petroleum 
hydrocarbons (TPH), gasoline-range organics (GRO), diesel-range organics (DRO) or residual-
range organics (RRO).  To develop toxicity reference values (TRVs) for petroleum mixtures in 
soil, surface water, and sediment for this risk assessment, procedures previously developed (URS 
1996a and 1996c) to derive soil TRVs for wildlife and surface water and sediment TRVs for 
ecological receptors on Adak have been updated with more recent toxicological literature. 

Under Alaska DEC risk assessment guidance, the first stage of an ERA at a given site is to 
determine whether a detailed risk assessment of that site is required (ADEC 2000).  A detailed 
ERA of a given site is required whenever the potential for an ecological threat from chemicals 
exists.  In this risk assessment, the decision to perform a detailed ERA was made during the 
problem formulation stage of the risk assessment process.  Before a decision can be made on the 
need for a detailed ERA of a given site, a determination is made regarding the following: 

 The presence of sensitive environments, critical habitats, or sensitive species at a 
site 

 The presence of complete exposure pathways that result in the exposure of 
ecological receptors to site contaminants 

If it is determined that no sensitive environments, critical habitats, or sensitive species are present 
at a given site and complete exposure pathways cannot be identified, Alaska DEC guidance 
(ADEC 2000) permits the ERA process for that site to be terminated.  If sensitive environments 
are present, or if complete exposure pathways are identified, the detailed ERA process must 
continue with an ecological effects evaluation of on-site chemicals.  This initial decision as to the 
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need for a detailed ERA is made at what Alaska DEC terms Ecological Scientific/Management 
Decision Point #1 (ADEC 2000).  Before this decision can be made, Alaska DEC requires the 
development of an ecological conceptual site model (CSM) to define exposure pathways, if any, 
of ecological receptors to site contaminants.  Alaska DEC also requires completion of a series of 
ecological checklists, found in Appendix B of the Alaska DEC Risk Assessment Procedures 
Manual (ADEC 2000).  These ecological checklists are used to document the environmental 
setting of, and potential ecological receptors at, a site. 

The CSM (Figure I-1) and Alaska DEC ecological checklists (Attachment I-1), are presented in 
the problem formulation section of the ERA with descriptions of the ecological setting, ecological 
receptors, and fate and transport of contaminants in soil, groundwater, surface water, and 
sediment at Area 303. 

2.0   PROBLEM FORMULATION 

This section describes the ecological setting of Area 303, ecological receptors at the site, and the 
environmental fate and transport of site contaminants.  These discussions culminate with the 
development of an ecological CSM (Figure I-1) and completion of Alaska DEC ecological 
checklists (Attachment I-1) that document the environmental setting of Area 303.  The problem 
formulation stage of the risk assessment concludes with Ecological Scientific/Management 
Decision Point #1:  the decision as to whether a significant ecological threat may be posed to 
receptors by site contaminants.  The outcome of the problem formulation stage of the ERA is to 
either (1) proceed with the ecological effects evaluation portion of the risk assessment, or (2) to 
terminate the ecological risk assessment, depending on whether a potential ecological threat is 
identified. 

2.1 Ecological Setting of AREA 303 

Area 303 extends from the intersection of Main Road and Airport Road on the northeast, south 
along Main Road to the Eagle Bay Housing area, and west to the air terminal area and East Canal 
(Figure I-2).  The GCI Compound petroleum-release site is located near the middle of this area.  
However, the GCI Compound is excluded from Area 303, because it has been previously 
evaluated.  The Sandy Cove Housing portion of the SWMU 62, New Housing Fuel Leak, 
petroleum site borders Area 303 to the northeast at the intersection of Main Road and Terminal 
Road.  The Eagle Bay Housing portion of the SWMU 62 petroleum site borders Area 303 to the 
south.  The following discussion of the environmental setting at Area 303 is supplemented by the 
Alaska DEC ecological checklists completed for the site (Attachment I-1). 
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The ground surface at Area 303 consists of an extensive level area (covered with native grasses) 
that slopes off to the west toward the Air Terminal Building.  The ground surface in the vicinity 
of the Air Terminal Building is covered with pavement or concrete to an unknown depth.  Based 
on site investigations conducted for the GCI Compound (located directly adjacent to Area 303), 
elevations of the ground surface in the vicinity of Area 303 are generally approximately 28 feet 
above mean lower low water (MLLW) (U.S. Navy 2003).  The ground surface at Area 303 is 
covered with native grasses.  These grasses provide habitat for terrestrial invertebrates, birds, and 
possibly small mammals, such as the Norway rat. 

Based on soil observations from the GCI Compound, site soils are likely characterized by sandy 
soils derived from stream, wind, and wave action.  The subsurface soils have variable 
permeability and generally consist of sands and gravels with varying portions of silt.  The 
saturated soils have a high water-bearing capacity.  Subsurface soils consist of predominantly 
fine- to coarse-grained sand with some silt. 

The East Canal of the airport drainage ditch system, located at the western boundary of Area 303, 
is the closest surface water body.  The East Canal is an engineered diversionary structure 
designed to collect surface runoff from the airfield.  It is lined with grasses and other soft-
stemmed plants.  The only surface connection between the airport drainage ditch system and 
South Sweeper Creek is through pump turbines that isolate the drainage system from anadromous 
fish (such as pink and coho salmon) that occur in South Sweeper Creek.  These pump turbines are 
located about 1,000 feet southwest of the southern portion of Area 303. 

South Sweeper Creek is considered the closest downgradient ecological exposure point for 
aquatic organisms exposed to petroleum-related chemicals released at Area 303.  The distance 
between Area 303 and the nearest surface water with ecologically significant receptors makes it 
unlikely that receptors in either surface waters or sediments of South Sweeper Creek are exposed 
to quantifiable concentrations of chemicals released at Area 303. 

Depth to groundwater was measured on several occasions in monitoring wells in the vicinity of 
Area 303 between November 1992 and July 2000 (U.S. Navy 2003).  Groundwater elevations in 
monitoring wells in the vicinity of Area 303 indicate the presence of groundwater at two distinct 
zones.  A perched groundwater zone was identified at a depth of 2 to 5 feet below ground surface 
(bgs) in the northeastern portion of the site. 

A deeper, continuous groundwater zone was identified across the area.  This deeper groundwater 
zone represents the main aquifer beneath Area 303.  Groundwater elevations calculated for data 
from wells completed in the main aquifer show groundwater ranging from approximately 1.5 to 
6.0 MLLW. 
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Groundwater in the main aquifer zone beneath the site flows generally west to southwest toward 
the East Canal of the airport ditch system.  The airport drainage ditch intercepts the saturated 
zone, causing the groundwater from Area 303 to flow towards the ditch in the southwestern 
portion of Area 303.  However, some localized variability in groundwater flow is observed in the 
vicinity of the site.  The distance to South Sweeper Creek is approximately 1,500 feet. 

Historical Land Use.  A review of Navy records revealed that land uses within Area 303 were 
restricted to aviation or industrial purposes.  Maps of military facilities on Adak from 1946 
identified the presence of an underground aviation gasoline distribution pipeline traversing the 
site.  A gasoline station (Building 2788) and motor pool structure were formerly located at this 
site in the vicinity of the GCI Compound (USACE 1946).  No evidence remains of these earlier 
buildings (URS 1995).  The date of installation for the GCI Compound is estimated to be between 
1977 and 1987, based on a review of available aerial photographs. 

Proposed Future Land Use.  Future land use at the Area 303 site is classified as commercial 
reuse by the Adak Reuse Corporation (ARC).  The Navy anticipates that the site will continue to 
be used for commercial or industrial purposes.  Commercial activities must be planned, 
organized, and sited to mitigate impact on and buffer any adjacent noncommercial/industrial lands 
(ARC 2000).  Land use west of the site is designated for aviation reuse.  The intent of this 
category is to provide for aviation or aviation-related commercial/industrial activities.  The 
portion of the site between Main Road and the former high school building is designated for 
public facilities reuse.  This category is intended to provide for and protect areas of public lands 
or facilities for public uses.  The adjacent property to the northeast and southeast consisting of the 
Sandy Cove and Eagle Bay Housing is classified for residential or future residential reuse.  The 
intent of these categories is to serve the residential needs of the community (ARC 2000). 

Surface Soil 

As noted earlier, Area 303 is dominated by native maritime tundra and other vegetation that 
provide high quality habitat to ecological receptors.  These receptors would include birds, 
mammals, invertebrates, and plants. 

The Washington State Department of Ecology (Ecology) defines soil from 0 to 6 feet bgs as the 
biologically active zone (Ecology 2001).  This definition is based on the assumption that 6 feet 
bgs is the soil depth below which soil invertebrates are unlikely to occur, the maximum 
burrowing depth of animals, and the maximum depth to which plant roots occur.  For the 
purposes of this risk assessment, Ecology’s definition of the biologically active zone in soil has 
been selected as a working definition of the soil environment within which ecological receptors 
might be reasonably considered present. 
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Site-specific data have confirmed that contaminants exist within the biologically active zone of 
on-site soils.  Because there are no structural or other limitations that physically inhibit ecological 
receptors from entering Area 303, wildlife species may come into contact with contaminated soils 
on site.  The CSM for the site (Figure I-1) describes the situation in which wildlife receptors can 
contact soil as a potentially complete exposure pathway to site contaminants. 

Groundwater 

The perched groundwater that has been detected in previous studies and limited to areas in the 
northeastern portion of Area 303 is generally 2 to 5 feet bgs.  In the western portion of Area 303 
(in the vicinity of the East Canal) the primary aquifer may be as shallow as 5 feet bgs.  Using 
Ecology's definition of the biologically active zone in soil as the active zone where ecological 
receptors could come into contact with groundwater, ecological receptors could come into 
occasional contact with groundwater (5 feet bgs) at the bottom of the biologically active zone (6 
feet bgs) in soil.  However, this contact would be occasional, and burrowing wildlife would not 
experience prolonged exposure to groundwater contaminants.  Therefore, exposure to 
groundwater contaminants is considered a complete but insignificant exposure pathway at Area 
303 (Figure I-1).  Potentially complete but insignificant exposure pathways will not be 
quantitatively evaluated in the ERA for Area 303. 

Surface Water 

No surface waters, either freshwater or marine, exist at Area 303.  Exposure of ecological 
receptors to waterborne contaminants on site is therefore not a complete exposure pathway.   

The focused feasibility study for SWMU 62 (URS 2005) evaluated surface water in East Canal 
that is downgradient of and not within Area 303.  The focused feasibility study states that no 
surface waters constituting high-quality habitat for ecological receptors exist within the 
boundaries of SWMU 62, including the East Canal of the airport ditch system.  Therefore, 
ecological receptor exposure to surface water within the East Canal is considered to be a minor or 
insignificant exposure pathway.  Minor or insignificant exposure pathways are not quantitatively 
evaluated in the ERA. 

The potential exists for transport of site contaminants to South Sweeper Creek via groundwater 
and the East Canal.  However, the distance involved makes this an insignificant exposure 
pathway, as illustrated in the CSM (Figure I-1).  Potentially complete but insignificant exposure 
pathways will not be quantitatively evaluated in the ERA for Area 303. 
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Sediment 

No sediments exist at Area 303.  Exposure of ecological receptors to sediment-associated 
contaminants on site is, therefore, not a complete exposure pathway (Figure I-1). 

The focused feasibility study for SWMU 62 (URS 2005) evaluated the East Canal sediments that 
are downgradient of and not within Area 303.  The focused feasibility study for SWMU 62 states 
that there are no sediments at the site to be considered ecologically sensitive environments, 
because no surface water bodies constituting high-quality habitat for ecological receptors exist 
within the periphery of the New Housing Area site.  This includes sediments within the East 
Canal of the airport ditch system.  Therefore, ecological receptor exposure to sediments within the 
East Canal are considered to be an incomplete exposure pathway. 

As was the case for surface water, the potential exists for transport of site contaminants to South 
Sweeper Creek via groundwater and the East Canal.  However, the distance involved makes this 
an insignificant exposure pathway.  Potentially complete but insignificant exposure pathways will 
not be quantitatively evaluated in the ERA for Area 303. 

2.2 Conclusion of the Preliminary (Screening Level) Problem Formulation 

Once the CSM and Alaska DEC ecological checklists have been completed, Alaska DEC 
guidance (ADEC 2000) permits a determination of whether a significant ecological threat 
associated with exposure to on-site contaminants exists at a site.  Termed Ecological Scientific/ 
Management Decision Point (SMDP) #1 by Alaska DEC, the decision as to whether to proceed 
with the ecological effects evaluation portion of the risk assessment depends on the answer to the 
questions listed below. 

Ecological Scientific/Management Decision Point #1a 

Are sensitive environments identified? 

Yes? Proceed with ecological risk assessment. 

 Go to effects evaluation. 

No? End ecological risk assessment unless the following question is answered yes. 

 ANSWER FOR AREA 303:  NO 

Are completed exposure pathways identified? 

Yes? Proceed with ecological risk assessment. 

 Go to effects evaluation. 

 ANSWER FOR AREA 303:  YES 
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aThe numbers used to describe Ecological Scientific/Management Decision Points in this text 
are those given in Alaska’s Risk Assessment Procedures Manual (ADEC 2000), which results 
in the appearance that some SMDPs were omitted in this text.  All SMDPs appropriate to this 
site were evaluated, but not all SMDPs in Alaska DEC’s Manual were needed for Area 303. 

A complete exposure pathway has been identified for terrestrial ecological receptors exposed to 
contaminants in surface soil.  This scenario warrants quantitative risk assessment.  Two other 
minor or insignificant exposure pathways are also present (groundwater transport to surface water 
and sediment off site), neither of which results in any ecologically significant exposure to 
contaminants on site and none of which requires quantitative evaluation. 

Based on assessment of the ecological characteristics of the site and potential exposure scenarios, 
it is concluded that a potential ecological threat exists to ecological receptors from petroleum 
release products at Area 303.  An ecological effects evaluation that quantitatively describes the 
potential ecological risk associated with exposure to site contaminants is presented in the 
following sections. 

2.3 Target Ecological Receptors 

ERAs 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.  Representative 
species can be defined in one or more contexts, including species that are sensitive to the adverse 
effects of contaminants, representatives of larger species assemblages, functional groups or 
trophic levels, or species that can be easily sampled at a site. 

For terrestrial wildlife, two receptors, the Norway rat (Rattus norvegicus) and the Lapland 
longspur (Calcarius lapponicus), have been selected as target ecological receptors for exposure to 
soil contaminants at Area 303.  The Norway rat is one of only three upland mammal species on 
Adak.  The other two upland mammal species on Adak are caribou and Arctic fox, which are not 
generally found in populated areas of the island.  Therefore, the Norway rat is the only mammal 
species likely to be present at Area 303.  The Lapland longspur is a common summer nesting bird 
throughout Adak Island.  It feeds on a mixture of seeds and other plant material in upland areas 
and is somewhat more insectivorous in wetland areas.  In previous ecological risk evaluations 
using the Lapland longspur on Adak Island (URS 1997), it was assumed that 2 percent of its diet 
consisted of incidentally ingested soil. 

2.4 Assessment Endpoints and Measures of Ecological Effects 

Assessment endpoints are explicit expressions of environmental values to be protected (USEPA 
1998).  Assessment endpoints for the ERA of Area 303 include the survival, reproduction, and 
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health of avian and mammalian wildlife, soil invertebrates, and on-site vegetation.  With 
relatively few exceptions, assessment endpoints cannot be directly quantified in the field.  Instead, 
one or more measures of ecological effect are evaluated for each target receptor.  A measure of 
ecological effect is defined as a measurable ecological characteristic that is related to the valued 
characteristics selected as assessment endpoints (Suter et al. 2000).  Ecological effect measures 
for the ERA of Area 303 will be measurable environmental concentrations of COPECs that can be 
related to the environmental values to be protected.  Ecological effect measures describe the 
effects elicited by a COPEC, link them to the assessment endpoints, and evaluate how they 
change with changes in COPEC concentrations in the environment.  The relationships between 
measures of effect and the assessment endpoints to be used for the Area 303 ERA have been 
derived in laboratory toxicity tests and are described in more detail in Section 5.  The assessment 
endpoints, measures of ecological effect, and the linkage between the measures of effect and 
assessment endpoints are presented in Table 1. 

3.0   DATA EVALUATION 

All available site-specific analytical data for the 0 to 6 feet bgs fraction of soil at Area 303 were 
compiled and evaluated (Attachment I-2).  The data set was reduced by the following strategy: 

1. Samples were excluded where the reported contaminant concentration was below 
the lower limit of detection for a specified analytical method.  Risks cannot be 
quantified for these samples and their inclusion in data sets can bias the results of 
summary statistic calculations. 

2. Soil samples begun greater than 6 feet bgs were excluded because they are below 
the biologically active zone in soil, which precludes exposure of ecological 
receptors. 

Summary statistics were prepared for the remaining data set, including the following: 

 Maximum detected concentration (MDC) for each contaminant 

 Minimum detected concentration for each contaminant 

 Number of samples analyzed for each contaminant 

 Number of detections for each contaminant 

 Mean detected concentration for each contaminant 
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 95 percent upper confidence limit (95UCL) on the mean for each contaminant in 
each medium 

These data are summarized in Attachment I-2 of this appendix.  Each of the MDCs were used in 
the preliminary risk screening.  If a sufficient number of samples was available to permit the 
calculation of a 95UCL and the 95UCL was smaller than the maximum detected value, 95UCLs 
were used in the baseline risk characterization. 

For soil, all data from the data set were eliminated that were collected too deep below ground 
surface for plants, soil invertebrates, and burrowing or foraging animals to have a reasonable 
chance of coming into contact with subsurface soil contaminants.  Ecology (2001) defines soil 
from 0 to 6 feet bgs as the biologically active zone.  As stated earlier, Ecology’s definition of the 
biologically active zone in soil has been selected as a working definition of the soil environment 
within which one might reasonably consider ecological receptors to be present.  

This strategy reduced the available data set for Area 303 to three soil samples.  Only DRO was 
detected in each sample.  Therefore, risks are assessed by evaluation of the State of Alaska 
petroleum fraction DRO only.  These data are summarized in Attachment I-2 of this appendix. 

Summary statistics for the remaining data were calculated.  These include the arithmetic mean, 
minimum, and maximum concentrations and the 95UCL of the mean concentration.  The 
summary statistics are presented in Table 2.  The 95UCL was not calculated for analytes with 
only one detected value. 

4.0   SELECTION OF CHEMICALS OF POTENTIAL ECOLOGICAL CONCERN 

This section presents the results of a screening-level ERA of surface soils at or in the vicinity of 
Area 303.  The purpose of this section is to identify any combinations of complete exposure 
pathways to ecological receptors and site chemical concentrations that potentially pose 
unacceptable ecological risks to receptors.  Chemicals identified as having a potential to pose 
unacceptable ecological risks to one or more receptors are COPECs.  Potential ecological risks 
from identified COPECs will be evaluated in more detail in the baseline ecological risk 
characterization section of this appendix. 

Chemicals that are not identified as having a potential to pose unacceptable ecological risks to 
target receptors in this screening-level ERA will not be identified as COPECs.  Chemicals not 
believed to have the potential to pose significant ecological risks will not be evaluated further 
during the baseline ecological risk characterization. 
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Identification of a chemical as a COPEC does not necessarily mean that the chemical poses 
unacceptable risks to ecological receptors.  Identification of a chemical as a COPEC does mean, 
however, that the potential for unacceptable ecological risk under the assumed exposure 
conditions of this screening-level ERA cannot be discounted.  In addition to chemicals that are 
identified as COPECs, chemicals for which risk-based screening concentrations (RBSCs) cannot 
be identified will be presented as having an unknown potential to pose ecological risk.  Chemicals 
with an unknown potential for risk will be retained as COPECs for discussion in the baseline 
ecological risk characterization phase of the assessment. 

At Area 303, all detected chemicals in surface soil had RBSCs available, and, thus, the risk 
potential of all detected chemicals can be quantified.  Derivation of the organic chemical soil 
RBSCs is presented in Attachment I-3. 

This screening level ERA uses the hazard quotient approach to identify COPECs, as shown in the 
following equation: 

 
RBSC

MDC
HQ   

Where: 
HQ = hazard quotient 
MDC = maximum detected chemical concentration in an environmental medium 
RBSC = risk-based screening concentration 

Chemicals with hazard quotients greater than or equal to 1.0 will be retained as COPECs.  
Chemicals with hazard quotients less than 1.0 will be considered to have an insufficient potential 
to pose ecological risks to warrant further evaluation.  The sources and derivation of the RBSCs 
used in this screening-level ERA are presented in Attachment I-3 to this appendix. 

To maximize the likelihood that all detected chemicals with a potential to pose unacceptable 
ecological risks are retained for more detailed evaluation, the maximum detected concentration 
for each analyte has been compared to the RBSC.  The results of the screening-level ERA to 
identify COPECs are presented in Table 2 for soil. 

4.1 Soil Chemicals of Potential Ecological Concern 

For soil, the maximum detected concentration of DRO did not exceed its RBSC (Table 2).  The 
screening-level hazard quotient for DRO was 0.048.  Therefore, DRO will not be passed forward 
to the baseline risk assessment. 
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4.2 Conclusion of the Screening-Level Ecological Risk Assessment 

Once the screening-level risk calculations have been completed, Alaska DEC guidance (ADEC 
2000) permits a determination of whether exposure to on-site contaminants might pose an 
unacceptable risk to ecological receptors (based on the comparison of the maximum detected 
concentrations of contaminants on site to their respective risk-based screening criteria).  Termed 
Ecological Scientific/Management Decision Point #2 by Alaska DEC, the decision as to whether 
to proceed with a quantitative ecological risk assessment depends on the answers to the questions 
listed below. 

Ecological Scientific/Management Decision Point #2 

Are all chemical concentrations below ecological benchmarks? 

No? Proceed with ecological risk assessment. 

Yes? End ecological risk assessment unless the answer to the next question is yes. 

 ANSWER FOR AREA 303:  YES 

Do COPECs have a tendency to bioaccumulate and/or biomagnify? 

Yes? Proceed with ecological risk assessment. 

 ANSWER FOR AREA 303:  NO 

 
We conclude that no ecological threat exists to ecological receptors from DRO and other 
petroleum-release products at Area 303.  Therefore, no further ERA is warranted for this site. 

5.0   UNCERTAINTIES ASSOCIATED WITH THE ECOLOGICAL RISK 
ASSESSMENT 

Limitations associated with any risk assessment have a number of components, including degree 
of success in meeting objectives, the range of conditions over which conclusions can be applied, 
and the certainty with which conclusions can be drawn.  The conclusions of a risk assessment are 
useful only when they have been placed in perspective relative to the uncertainties associated with 
the evaluation.  The purpose of this section is to provide that perspective. 

5.1 Components of Uncertainty 

Uncertainty in risk estimation has both qualitative and quantitative components.  Where possible, 
quantitative uncertainty analyses provide objective measures of the relative confidence in 
conclusions and applications.  Both qualitative and, in some cases, quantitative evaluations of 
uncertainty are presented in this section. 
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For practical purposes, uncertainty has two primary components:  uncertainty and variability.  
True uncertainty is indicative of an area where risk assessors have a lack or absence of knowledge 
of an environmental parameter.  Lack of knowledge of the ingested dose of a mixture of DRO that 
reduces survival of any species of bird is an uncertainty encountered in this risk assessment.  
Variability refers to observed differences attributable to heterogeneity or diversity in a population 
or exposure parameter.  Differences in COPEC concentrations at different locations within a site 
are an example of variability.  Statistical theory indicates that true variability of a parameter is 
fixed, but that the estimate of variability can be improved by additional measurements or study. 

Uncertainty surrounding risk assessment conclusions has important implications for risk 
management.  However, “uncertainty” is not a single, generally applicable parameter.  
Uncertainty surrounding a risk estimate or application has a number of components, including 
parameter variability, calculation error and simplification, and the underlying reality of exposure 
assumptions and pathways.  It is important to understand that uncertainty includes both real 
variation (reflecting actual, mechanistic biological response ranges and variability in ecosystem 
conditions) and error.  Thus, because biological systems are inherently uncertain and variable, 
some component of variability in risk estimation is due to the reality of ecological systems, while 
another component is due to error or uncertainty introduced by the overall analytical process.  
Error is the component that can be minimized by additional information and knowledge, because 
error encompasses undesirable uncertainty that has been introduced by the assessment process.  
However, it is critically important to understand ecosystem variability, because this variability 
represents an important component of the ecosystem within which risk management decisions 
must be made. 

5.2 General Sources of Uncertainty 

Uncertainties surrounding ecological risk assessments are intrinsically greater than those 
associated with human health risk assessments because of the multiplicity of potential receptor 
species, a general lack of knowledge regarding their life histories and behaviors, and the 
unknowns of toxicological sensitivities among the receptor species.  The generic RBSCs and 
TRVs used in this assessment are intended to provide conservative benchmarks for screening 
potential exposures.  It is important to note that no one approach to TRV derivation is adequate 
for all sites and contaminants.  The TRVs used in this ERA are all contaminant-specific and as 
such cannot address the additive, antagonistic, or synergistic effects of the mixtures of 
contaminants typically found in the environment.  Further, they do not take into account the site-
specific conditions regulating contaminant exposure and bioavailability, the potential toxicity of 
other contaminants that were not quantified, the nature and structure of the habitats and 
ecosystems present at the site, or the pervasive influence of anthropogenic changes in the 
environment.  Anthropogenic influences can be both contaminant (e.g., groundwater transport of 
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contaminants from the underground storage tanks to soil) and physical (e.g., buildings and 
infrastructure on the site) in nature. 

A qualitative description of many of the uncertainty and variability factors associated with the 
parameters used to estimate risks to ecological receptors are provided in Table 3.  The factors in 
Table 3 are generally applicable to both aquatic and terrestrial ecological risk assessment. 

Because of the complexity of community and population dynamics, it is not currently possible to 
evaluate all possible exposures or effects.  The information presented, although complete and 
accurate, may have missed long-term influences to the environmental chemistry of COPECs or 
other means of quantifying adverse effects of COPECs on receptors, or may have failed to 
address adaptation of robust natural communities to conditions such that some adaptations to 
contaminant and physical effects have been imparted.  In addition, although ecological functional 
redundancies contributed by unevaluated species may provide resiliency against adverse effects at 
the community and ecosystem levels, sensitivities may be present in other populations that have 
not been evaluated in the current study.  In either case, the studies presented are only “snapshots” 
(albeit multiyear snapshots) of conditions as they exist at the site, and it is virtually certain that 
not all of the underlying variability and stressor effects have been quantified.  Therefore, it is 
important to recognize that (1) potentially large uncertainties exist regarding community and 
population health, but (2) these uncertainties most probably do not directionally bias conclusions. 

Further, it is important to recognize that substantial differences exist between observations and 
conclusions made at the individual, population, and community levels of biological organization.  
For example, effects not manifested at the population or community levels (e.g., mortality of only 
a few individuals) may not be observable in the field.  Because the assessment endpoints are 
protective of populations (not individuals), risks projected to cause loss of a few individuals may 
not be significant in terms of risk management decisions. 

With the exception of special-status species, most risk management decisions for fish and wildlife 
species are based on population-level effects.  Threatened and endangered species are protected, 
by law, as individual organisms, not at the population level.  In contrast to the risk assessment for 
aquatic biota, wildlife exposure to contaminants is estimated for multiple media, in this case water 
and prey.  Multimedia exposure estimates generally represent exposure of individuals to 
contaminants, expressed as an ingested dose (mg/kg/day).  Wildlife toxicity data are almost 
exclusively based on individual level effects (Suter et al. 2000).  Therefore, wildlife risk 
characterizations using hazard quotients of multimedia exposure estimates and individual-level 
toxicity data are individual-level risk characterizations, which is the appropriate level of 
biological organization for assessing risks to a threatened or endangered species.  No threatened 
or endangered species were used as target ecological receptors in this risk assessment. 
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The analysis performed for this risk assessment did not account for site-specific factors such as 
natural attenuation of COPECs over time, adaptive tolerance, reproductive potential, the small 
size of the affected area, the anthropogenically extensively modified nature of the available 
habitat, and recruitment from similar adjoining areas.  Such factors would tend to mitigate the 
degree and ecological significance of loss or impairment of a portion of ecological population(s) 
as a result of both contaminant and physical stressors in the area.  As a result, the approach used 
in this assessment necessarily results in overestimation of risk. 

5.3 Specific Sources of Uncertainty 

This section discusses several of the specific sources of uncertainty associated with this ERA. 

Temporal and Spatial Distribution of COPECs 

The analytical database has inherent uncertainties and limitations.  Also, the distribution of 
COPECs within surface soil was assumed to coincide with receptor contact with surface soil (i.e., 
the measured COPEC concentrations at the specific sampling locations are representative of 
COPEC concentrations throughout the site).  The degree to which this assumption is met is not 
quantifiable and the direction of bias (if any) cannot be identified.  In addition, because of the 
small available database of detected contaminants, only a surrogate for the expected 
environmental concentration, the maximum detected concentration, was used as the exposure-
point concentration.  This technique introduces a considerable degree of conservatism as well as 
uncertainty. 

Only the apparent worst-case exposures were evaluated in this document during the screening-
level ERA.  TRVs for the organisms were compared to the maximum detected concentration 
within the available data set.  With the exception of sessile organisms, these exposure 
assumptions are overly conservative and unrealistic for several reasons.  The available data do not 
represent a time-integrated series of observations, but instead are point estimates.  Thus, even for 
sessile organisms, exposure concentrations are not constant and will vary about some unknown 
mean concentration.  Therefore, the mean or median is a better measure of the central tendency of 
the available data.  Furthermore, organisms that are not sessile integrate their exposure over time 
and distance.  For these organisms, the mean or median concentrations within their respective 
forage ranges is the best measure of central tendency. 

The use of an estimate of the mean site contaminant concentration (the 95UCL of the arithmetic 
mean) as the exposure-point concentration in the baseline risk assessment somewhat mitigates the 
conservative exposure assumptions used in the screening-level ERA.  However, because risks 
associated with a compound are often based on a detection in one sample, even the use of the 
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95UCL of the mean as an exposure-point concentration tends to overstate risks to terrestrial plants 
and soil invertebrates. 

Toxicity Reference Values and Risk-Based Screening Concentrations 

The TRVs selected for an ERA are not in all cases the lowest-available-adverse-effects 
concentrations available in the scientific literature.  Instead, they are our best professional 
judgment of those studies that best represent the ecological receptors present at the site, the 
exposures that receptors are expected to receive in the field, and the most relevant to population 
stability.  In fact, no observed adverse effect levels (NOAELs) used as TRVs can be lower than 
true no-effect exposures.  This is because NOAELs are estimated from an incomplete dose-
response relationship in which there is a large gap between the lowest exposure that caused no 
effect and the next higher concentration that did cause an effect.  Therefore, TRVs are very 
conservative, so that while perhaps still uncertain scientifically, they are more than adequate to 
provide a screening-level estimate of ecological risks. 

Because of the uncertainty associated with the toxicity data in the literature and its extrapolation 
to field populations, the wildlife toxic-effect levels are divided by safety factors to provide the 
more protective RBSCs.  If a dose or medium concentration exceeds the RBSC, the potential 
exists for adverse ecological effects.  Thus, a dose only slightly exceeding the RBSC could fall 
well below the toxic-effect level.  The higher the estimated dose is above the RBSC, the closer it 
will be to the toxic-effect level. 

We are not aware of any promulgated ecological (as opposed to human health) TRVs for either 
TPH, or for fractions of TPH equivalent or similar to Alaska DEC’s definition of GRO, DRO, or 
RRO.  The absence of any promulgated TRVs for TPH fractions means that we are unable to 
compare the derived TRVs to any other TPH standards, criteria, or guidelines.  Although we 
believe the toxicological theory and assumptions used to derive the TPH TRVs are sound, the 
protectiveness of the derived TRVs must be considered an uncertainty in light of the absence of 
any measured-effects data for the individual Alaska DEC-defined TPH fractions on ecological 
receptors. 

Interspecies Extrapolations 

Historically, toxicity data from surrogate (laboratory) animals was extrapolated to wildlife species 
using uncertainty factors (UFs) and/or scaling for body mass.  The use of UFs has been severely 
criticized because, very little interspecies data exist and most UFs are based on scientifically 
unsupportable orders of 10.  In an attempt to avoid the problems associated with UFs, TRVs 
derived from scaling of the body mass of the test species to the body mass of the target ecological 
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receptor were chosen.  This concept is firmly based in physiological research, mostly concerning 
basic metabolism. 

Allometric scaling also has its limitations.  An obvious example involves extrapolating from mice 
to elephants.  As body mass increases, the animal is believed to become more sensitive to the 
effects of contaminants, because metabolism and its associated contaminant depuration and 
detoxification becomes relatively slower in larger species.  Therefore, the dose required to kill a 
mouse should be adequate to kill several elephants.  Obviously, there are problems associated 
with this concept. 

There is currently no recommended methodology available by which a mammalian TRV can be 
used to derive an avian TRV.  As per Alaska DEC risk assessment guidance (ADEC 2000), we 
did not attempt to extrapolate our mammalian RBSCs to birds.  The lack of applicable TPH 
fraction TRVs for avian species makes risks to the Lapland longspur unknown. 

Hazard Quotients 

The hazard quotient method is the simplest and most commonly used method currently available 
by which to compare exposures to TRVs.  A major advantage of the quotient method is that since 
exposure point concentrations are the maximum detected concentrations of abiotic media 
concentrations, exposure and risk is likely overestimated in all cases.  The major disadvantage 
comes from the derivation of a point estimate of risk that results from use of a single TRV.  
Because all species have not been tested, and even different tests with the same organism 
frequently have different conclusions, it is possible that a given target ecological receptor will be 
more sensitive than the surrogate selected for the TRV derivation and that this will lead to an 
underestimation of the risk to that particular receptor. 

Species Sensitivity Distributions 

The soil toxicity RBSCs used in this ERA (Efromyson et al. 1997) are based on a species 
sensitivity distribution (SSD) that describes published sensitivities of plants to chemicals in soil.  
Because bioavailability of contaminants, and therefore toxicity, varies among different soil types, 
soil type is a source of variability and uncertainty in the soil chemical toxicity to plants SSDs.  
The toxicity data used are therefore representative of species and soil type combinations.  As a 
result, a single plant species tested under different conditions in different soil types may have 
multiple entries at different soil chemical concentrations within the SSD.  It has been assumed 
that a given soil chemical concentration on an SSD represents the proportion of species within the 
plant community likely to be affected by that concentration in soil, given the uncertainty 
concerning the influence on bioavailability and toxicity of the site-specific soil type.  The test 
endpoints in the plant SSD are also variable and inconsistent (e.g., growth rates are compared to 
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transpiration, with different proportions of the test plants responding to the soil contaminant in 
different studies). 

Many of the same uncertainties described for plant SSDs also apply to soil invertebrates.  Except 
for earthworms, relatively little information is available on the sensitivity of other invertebrate 
taxa to soil contaminants, at least not enough to describe differences in chemical toxicity to 
different invertebrate taxa (Suter et al. 2000). 
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Table 1 
Assessment Endpoints and Measures of Effect for the Ecological Risk Assessment 

of Area 303 
 

Assessment Endpoint Measure of Effect 
Linkage Between Measure of 

Effect and Assessment Endpoint 
Survival and propagation of 
vegetation  

Comparison of measured COPEC 
concentrations in surface soil to soil 
RBSCs protective of terrestrial 
plants 

Benchmarks represent soil 
concentrations that, if not exceeded, 
are protective of plants. 

Survival, reproduction, and health 
of soil invertebrates 

Comparison of measured COPEC 
concentrations in surface soil to soil 
RBSCs protective of terrestrial soil 
invertebrates 

Benchmarks represent soil 
concentrations that, if not exceeded, 
are protective of invertebrates. 

Survival, reproduction, and health 
of avian and mammalian wildlife 

Comparison of measured COPEC 
concentrations in surface soil to soil 
RBSCs derived from ingested dose 
(dietary) benchmarks for wildlife 

Benchmarks represent no observed 
adverse effect levels (NOAELs) for 
COPECs in the diet of wildlife, 
where the combined concentration 
in surface soil and that 
bioaccumulated in prey species has 
no effect on wildlife receptors. 

Note: 
COPEC - chemical of potential ecological concern 
RBSC - risk-based screening concentration 
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Analyte Units

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration
Mean Detected 
Concentration

Detection 
Limit(s) 95% UCL

Background 
Concentration

Ecological 
Benchmark 

Concentration
Ecological 

Benchmark Source

Hazard 
Quotient 

(MDC/RBSC)
Poses Potential for 
Ecological Risk?

Rationale for 
Conclusion

Total petroleum 
hydrocarbons-diesel

mg/kg 3 / 9 32 964 482 4.9 3655 NA 20148 This document 0.048 NO Site chemical 
concentration lower 
than RBSC

Notes:
MDC - maximum detected concentration
NA - not applicable
RBSC - risk-based screening criteria
UCL - upper confidence limit

Detection 
Frequency

Table 2
Results of Screening-Level Ecological Risk Assessment for Receptors Exposed to Surface Soil at Area 303
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Table 3 
General Factors Associated With Uncertainty and Variability in the 

Ecological Risk Assessment 
 

Uncertainty/ 
Variability Factor 

Direction of 
Uncertainty Comment 

Use of conservative 
exposure scenarios 

Will overestimate risk Intent of using maximum exposure and dose 
concentrations is to be protective of biota and minimize 
effects of uncertainties that underestimate risks. 

Unavailability of toxicity 
reference values for some 
contaminants and exposure 
pathways 

Will underestimate risk Some site risks may be unquantifiable due inability to 
compare site concentrations to a concentration known to 
pose unacceptable risks to wildlife.  Other uncertainties 
come from inability to quantify contaminant risks to 
receptors DRO and RRO concentrations that exceed their 
maximum water solubility. 

Use of smaller receptors to 
assess ecological risks 

May overestimate or 
underestimate risks 

For terrestrial wildlife, smaller species are considered less 
sensitive to contaminants than are larger species, because 
the smaller species have higher metabolic rates, which 
allows them to detoxify and/or depurate contaminants 
more efficiently than can larger species. 

Point estimates of exposure 
concentrations of COPECs 
in environmental media 

Tends to overestimate 
risks 

Point estimates do not take into account bioavailability of 
contaminants or the likelihood of variable exposure 
concentrations. 

Focus of risk assessment on 
contaminants analyzed and 
detected 

Will underestimate risk Contaminants not detected or not analyzed for may 
contribute to risks. 

Exposure of contaminants 
not related to the site not 
considered 

Will underestimate 
total risks; may 
overestimate site-
related risks if non-site 
contaminants are 
contributing to toxicity 

Non-site-related contaminants, particularly metals, are 
potentially present in appreciable concentrations  

Hazard quotient calculation May overestimate or 
underestimate risks 

Direction of effect depends on accuracy with which 
TRVs describe the response of biota to contaminants. 

Use of NOAELs as TRVs 
instead of LOAELs 

May underestimate 
risks for sensitive 
species; no effect on or 
will overestimate risks 
for most species 

NOAEL values dependent on range of concentrations 
tested in laboratory studies.  The highest true NOAEL 
may be higher than the NOAEL used as a TRV. 

Analytical chemistry 
variability 

May overestimate or 
underestimate risks 

Organic analyses within 35 percent relative percent 
difference of each other may be equivalent. 

Notes: 
COPECs - chemicals of potential ecological concern 
DRO - diesel-range organics 
LOAEL - lowest observable adverse effect level 
 

 
NOAEL - no observable adverse effect level 
RRO - residual-range organics 
TRV - toxicity reference value 
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APPENDIX B  ECOLOGICAL CHECKLIST

Figure B.1 ECOLOGICAL CHECKLIST #1:  GENERAL

1. SITE NAME: Main Road Pipeline and SWMU 62, Area 303

ADEC LC: __________________________________

2. LOCATION: Adak Island, Alaska
___________________________________

3. LATITUDE: ________________
4. LONGITUDE: ________________

5. APPROXIMATE SITE AREA: ________________

6 DATES OF SITE VISITS:
2006 - Date To Be Determined
_____________________
_____________________
_____________________

!!!! ATTACH USGS TOPOGRAPHIC MAP
!!!! ATTACH AVAILABLE PHOTOS

7. LAND USE ON THE SITE

________% RESIDENTIAL
________% RURAL
________% URBAN
___20___% INDUSTRIAL/COMMERCIAL
________% AGRICULTURAL
________% RECREATIONAL
________% FOREST/WOODED
________% WETLANDS
________% UNDISTURBED
___80___% OTHER

8. LAND USE SURROUNDING THE SITE

___25___% RESIDENTIAL
________% RURAL
________% URBAN
___75___% INDUSTRIAL/COMMERCIAL
________% AGRICULTURAL
________% RECREATIONAL
________% FOREST/WOODED
________% WETLANDS
________% UNDISTURBED
________% OTHER

seattle
Text Box
ADEC RISK ASSESSMENT PROCEDURES MANUAL (JUNE 2000)

seattle
Text Box

seattle
Text Box
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9. DESCRIBE MOVEMENT OF SOIL ON THE SITE

!!!! AGRICULTURAL USE
!!!! NATURAL EVENTS
x EROSION
!!!! HEAVY EQUIPMENT
!!!! MINING
x OTHER

10. IDENTIFY SENSITIVE ENVIRONMENTS
(PLEASE SEE SECTION 4.2.4.2  State Sensitive Environments AND
4.2.4.3 Federal Sensitive Environments)
None
________________________________
________________________________
________________________________
________________________________
________________________________
________________________________

11. POTENTIAL ROUTES OF OFFSITE MIGRATION

!!!! SWALES
   RUNOFF
!!!! DEPRESSIONS
x WINDBLOWN PARTICULATES
x DRAINAGE DITCHES
x VEHICULAR TRAFFIC
!!!! OTHER__________________

12. DEPTH OF WATER TABLE:  5-10 feet bgs

13. IDENTIFY WATER BODIES IN THE VICINITY OF THE SITE: East Canal - Airport drainage system

14. EVIDENCE OF FLOODING
!!!! YES
x NO
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Figure B.2 ECOLOGICAL CHECKLIST #2: TERRESTRIAL

A. Wooded Areas

1. ARE THERE WOODED AREAS AT THE SITE
!!!! YES
x NO

2. PERCENTAGE OF SITE WOODED
________%
________acres

3. DOMINANT TYPE OF VEGETATION

!!!! DECIDUOUS
!!!! MIXED
!!!! OTHER _________________

4. DOMINANT TREE SIZE BY DIAMETER
!!!! 0-6 INCH
!!!! 6-12 INCH
!!!! > 12 INCH

B. SHRUB/SCRUB

1. IS THERE SHRUB/SCRUB VEGETATION PRESENT AT THE SITE
x YES
!!!! NO

2. PERCENTAGE OF SITE COVERED WITH SHRUB/SCRUB
__80____%
________acres

3. DOMINANT TYPE OF VEGETATION:   NATIVE GRASSES

!!!!
!!!!

4. DOMINANT HEIGHT OF SHRUB/SCRUB VEGETATION
x 0-2 FEET
!!!! 2-5 FEET
!!!! > 5 FEET

5. SHRUB/SCRUB DENSITY
x DENSE
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!!!   PATCHY
!!!! SPARSE

C. OPEN AREAS

1. ARE THERE OPEN (BARE, BARREN) FIELD AREAS PRESENT AT THE SITE
!!!! YES
x NO

2. PERCENTAGE OF SITE OPEN FIELD
________%
________acres

3. DOMINANT TYPE OF PLANT

!!!!
!!!!
!!!!

4. DOMINANT HEIGHT OF DOMINANT PLANT
!!!! 0-2 FEET
!!!! 2-5 FEET
!!!! > 5 FEET

5. SHRUB/SCRUB DENSITY
!!!! DENSE
!!!! PATCHY
! SPARSE
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Figure B.3 ECOLOGICAL CHECKLIST #3: AQUATIC-FLOWING SYSTEMS

1. TYPE OF FLOWING WATER SYSTEMS PRESENT AT SITE
!!!! RIVER

__ PERENNIAL
__ INTERMITTENT

!!!! STREAM
__ PERENNIAL
__ INTERMITTENT

!!!! CREEK
!!!! BROOK
!!!! DRY WASH
!!!! MAN-MADE (DITCH, ETC.)
!!!! ARROYO
!!!! INTERMITTENT STREAM
!!!! CHANNELING SPARSE
!!!! LAKE OR POND
!!!! TIDAL STREAM

__ BAY
__ESTUARY

!!! OTHER

2. GENERAL COMPOSITION OF SUBSTRATE
!!!! BEDROCK
!!!! SAND
!!!! SILT
!!!! BOULDER
!!!! COBBLE
!!!! GRAVEL
!!!! MARL
!!!! CLAY
!!!! MUCK
!!!! DEBRIS
!!!! CONCRETE
!!!! OTHER

3. CONDITION OF THE BANK - HEIGHT, SLOPE, ETC.

4. FLOW INTERMITTENT
!!!! YES
!!!! NO

5. DISCHARGE FROM SITE TO WATER BODY
!!!! YES
!!!! NO

6. DISCHARGE FROM WATER BODY
!!!! YES
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!!!! NO

7. TYPE OF AQUATIC VEGETATION PRESENT
!!!! EMERGENT
!!!! SUBMERGENT
!!!! FLOATING
!!!! NONE

8. OTHER ORGANISMS PRESENT
!!!! BENTHIC MACRO INVERTEBRATES
!!!! FISH
!!!! BIRDS
!!!! MAMMALS
!!!! OTHER
!!!! NONE
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Figure B.4 ECOLOGICAL CHECKLIST #4: AQUATIC NON-FLOWING SYSTEMS

1. TYPE OF OPEN WATER NON-FLOWING SYSTEMS PRESENT AT SITE
FLOWING WATER SYSTEMS PRESENT AT SITE
!!!! NATURAL
!!!! MAN MADE

2. KNOWN USES OF WATER BODY

!!!! RECREATIONAL
!!!! NAVIGATIONAL
!!!! SUBSISTENCE
!!!! OTHER

3. APPROXIMATE SIZE OF WATER BODY
_________ACRES

4. TYPE OF AQUATIC VEGETATION PRESENT
!!!! EMERGENT
!!!! SUBMERGENT
!!!! FLOATING

5. DEPTH OF WATER
_________FEET

6. GENERAL COMPOSITION OF SUBSTRATE
!!!! BEDROCK
!!!! SAND
!!!! SILT
!!!! BOULDER
!!!! COBBLE
!!!! GRAVEL
!!!! MARL
!!!! CLAY
!!!! MUCK
!!!! DEBRIS
!!!! CONCRETE
!!!! OTHER
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7. SOURCE OF WATER IN THE WATER BODY
!!!! RIVER/STREAM/CREEK
!!!! GROUNDWATER
!!!! SURFACE RUNOFF
!!!! INDUSTRIAL DISCHARGE
!!!! OTHER

8. DISCHARGE FROM SITE TO WATER BODY
!!!! YES
!!!! NO

9. DISCHARGE FROM WATER BODY
!!!! RIVER STREAM     !!!! ONSITE !!!! OFFSITE
!!!! GROUNDWATER     !!!! ONSITE !!!! OFFSITE
!!!! WETLAND     !!!! ONSITE !!!! OFFSITE
!!!! IMPOUNDMENT    !!!! ONSITE !!!! OFFSITE
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Figure B.5 ECOLOGICAL CHECKLIST #5:  WETLANDS

1. ANY DESIGNATED OR KNOWN WETLANDS AT THE SITE

!!!! YES
x NO

2. ARE WETLAND HABITATS EXPECTED

!!!! YES
x NO

3. TYPES OF VEGETATION PRESENT

!!!! EMERGENT
!!!! SUBMERGENT
!!!! SCRUB/SHRUB
!!!! WOODED
!!!! OTHER

4. DISCHARGE FROM SITE TO WETLANDS

!!!! YES
x NO

5. DISCHARGE FROM WETLAND

!!!! RIVER STREAM     !!!! ONSITE !!!! OFFSITE
!!!! GROUNDWATER !!!! ONSITE !!!! OFFSITE
!!!! LAKE/POND     !!!! ONSITE !!!! OFFSITE
!!!! MARINE    !!!! ONSITE !!!! OFFSITE
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ABBREVIATIONS AND ACRONYMS 

DEC Department of Environmental Conservation 
GRO gasoline-range organics 
ICMP Institutional Control Management Plan 
MNA monitored natural attenuation 
O&M operation and maintenance 
OU operable unit 
ROD Record of Decision 
SWMU solid waste management unit 
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ALTERNATIVE DESCRIPTIONS AND COST ESTIMATES 

The combinations of technologies that comprise the remedial alternatives are discussed in the 
following sections.  (Institutional controls, specifically equitable servitude restrictions, are 
included in every alternative and, therefore, are discussed only once under Alternative 1.)  In 
addition, the conceptual design for each remedial alternative is briefly described.  The conceptual 
design was used to estimate capital, operation and maintenance (O&M), and present worth costs 
for each alternative.  Present worth costs were calculated using a 5 percent discount rate.  These 
cost estimates were prepared for comparison purposes only and are expected to be within a −30 
to +50 percent level of accuracy, which is typical of costs generated for feasibility-level cost 
estimates.  The validity of these costs is subject to the assumptions used in development of the 
alternatives.  Site inspection and overhead costs are estimated to be 8 percent of capital costs.  
Contingencies, which consist of unlisted costs (typically 20 to 25 percent) are included in the 
capital cost and O&M cost and are based on engineering judgment and experience. 

ALTERNATIVE 1—NO ACTION 

No action would be implemented with this alternative.  In addition, no monitoring would be 
implemented.  However, institutional controls, specifically equitable servitude restrictions, are 
currently in place for the downtown area, which includes Area 303, in accordance with the 
Interim Conveyance document and the Operable Unit A Record of Decision (OU A ROD) (U.S. 
Navy et al. 2000).  Equitable servitude restrictions applicable to this site include the downtown 
groundwater use prohibition and soil excavation notification requirements.  The Navy has an 
established institutional controls program that was developed to ensure that institutional controls 
selected in the OU A ROD remain effective and reliable.  The Navy has prepared an Institutional 
Control Management Plan (ICMP) (U.S. Navy 2005, Appendix D) documenting the approach 
the Navy is using to ensure that the controls remain protective.  The ICMP provides details of the 
institutional control management program, and, therefore, a detailed description of the equitable 
servitude restrictions to be implemented at Area 303 is not included here.  Site inspections are 
being used to evaluate compliance with equitable servitude restrictions. 

This alternative would rely solely on natural attenuation to reduce concentrations of petroleum in 
soil and groundwater.  However, because monitoring is not included as part of this alternative, 
there is no way to verify whether the cleanup levels and remedial action objectives have been 
achieved.  In addition, there is no way to verify whether site contaminants are migrating to the 
East Canal.  This alternative was retained as the baseline alternative with which the other 
alternatives were compared.  Costs associated with the implementation of institutional controls at 
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this site were not estimated because existing island-wide institutional controls would cover site-
specific restrictions.  There are no other costs associated with this alternative. 

ALTERNATIVE 2—LIMITED GROUNDWATER MONITORING 

This alternative consists of institutional controls for soil and groundwater and limited 
groundwater monitoring.  Petroleum concentrations in groundwater would be reduced through 
natural attenuation, and institutional controls would be used to protect human health and the 
environment, as long as groundwater concentrations are greater than the Alaska Department of 
Environmental Conservation (DEC) groundwater cleanup levels. 

The institutional controls that would be implemented include equitable servitude restrictions, site 
inspections, and environmental monitoring.  Equitable servitude restrictions applicable to this 
site would include the downtown groundwater use prohibition and soil excavation notification 
requirements, as discussed for Alternative 1.  Site inspections would be used to evaluate 
compliance with equitable servitude restrictions.  Limited monitoring of groundwater would 
continue until groundwater cleanup goals are achieved. 

Limited groundwater monitoring would involve periodic groundwater sampling at the site for a 
period of time sufficient to assess the progress of the natural degradation of petroleum 
hydrocarbons in groundwater.  Details of the limited groundwater monitoring program would be 
incorporated into subsequent versions of the Comprehensive Monitoring Plan (CMP) for the 
former Adak Naval Complex (U.S. Navy 2005).  The CMP describes the existing monitoring 
program for groundwater as prescribed in the OU A ROD (U.S. Navy et al. 2000).  Groundwater 
monitoring would be conducted at a frequency to be established by the Navy and Alaska DEC to 
evaluate whether petroleum-related chemicals in the groundwater are attenuating to 
concentrations below applicable Alaska DEC groundwater cleanup levels at locations to be 
specified in the monitoring plan.  (For purposes of estimating costs, it was assumed that 10 wells 
would be monitored annually for Alternative 2.)  Concentrations of petroleum-related chemicals 
(currently) exceeding the Alaska DEC cleanup levels would be monitored.  Monitoring data 
would be used to confirm that petroleum concentrations are being reduced and to determine 
whether the appropriate institutional controls are being implemented.  Periodic groundwater 
monitoring at Area 303 would be coordinated with the ongoing monitoring activities described in 
the CMP. 

The costs for this alternative are presented in Table J-1.  There are no capital costs for this 
alternative.  Therefore, this cost estimate only includes O&M costs.  Annual costs to implement 
limited groundwater monitoring are estimated to be $32,000.  The costs associated with limited 
groundwater monitoring are the incremental costs associated with Area 303, which are above the 
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base program costs associated with monitoring activities specified in the CMP.  The limited 
groundwater monitoring estimate includes the costs associated with sample collection at Area 
303, sample analysis, and the incremental reporting and mobilization costs.   

The present worth cost for this alternative, assuming a 5 percent discount rate and a 40-year 
limited groundwater monitoring period, is $0.5 million.  Total O&M costs (no present worth) for 
this alternative are estimated to be $1.3 million.  Costs associated with the implementation of 
institutional controls at this site were not estimated because existing island-wide institutional 
controls would cover site-specific restrictions.  Note that the duration of monitoring may vary 
substantially from the 40-year estimated value. 

ALTERNATIVE 3—MONITORED NATURAL ATTENUATION AND INSTITUTIONAL 
CONTROLS 

This alternative consists of institutional controls for soil and groundwater and monitored natural 
attenuation (MNA) for groundwater.  Petroleum concentrations in groundwater would be 
reduced through natural attenuation, and institutional controls would be used to protect human 
health and the environment, as long as groundwater concentrations are greater than the Alaska 
DEC groundwater cleanup levels. 

The institutional controls that would be implemented include equitable servitude restrictions, site 
inspections, and environmental monitoring.  Equitable servitude restrictions applicable to this 
site would include the downtown groundwater use prohibition and soil excavation notification 
requirements, as discussed for Alternative 1.  Site inspections would be used to evaluate 
compliance with equitable servitude restrictions.  Monitoring of groundwater would continue 
until groundwater cleanup goals are achieved. 

Monitoring of natural attenuation would involve periodic groundwater sampling at the site for a 
period of time sufficient to assess the progress of the natural degradation of petroleum 
hydrocarbons in groundwater.  Details of the monitoring program would be incorporated into 
subsequent versions of the CMP (U.S. Navy 2005).  The CMP describes the existing monitoring 
program for groundwater as prescribed in the OU A ROD (U.S. Navy et al. 2000).  Groundwater 
monitoring would be conducted at a frequency to be established by the Navy and Alaska DEC to 
evaluate whether petroleum-related chemicals in the groundwater are attenuating to 
concentrations below applicable Alaska DEC groundwater cleanup levels at locations to be 
specified in the monitoring plan.  (For purposes of estimating costs, it was assumed that 30 wells 
would be monitored annually for Alternative 3.)  Concentrations of petroleum-related chemicals 
(currently) exceeding the Alaska DEC cleanup levels would be monitored, as well as natural 
attenuation indicator parameters.  Monitoring data would be used to confirm the progress of 
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natural attenuation, evaluate the rate at which petroleum concentrations are being reduced, and 
determine whether the appropriate institutional controls are being implemented.  Periodic 
groundwater monitoring at Area 303 would be coordinated with the ongoing monitoring 
activities described in the CMP. 

Six new wells (to be named in the associated work plan) would be installed at locations east of 
the Main Road as shown on Figure J-1 and would be used to monitor natural attenuation as 
discussed in the previous paragraph.  The new wells would be installed in areas where gasoline-
range organics (GRO) were detected at high concentrations during the Geoprobe sampling 
activities conducted during the remedial investigation, or areas requiring further definition of the 
extent of contamination. 

The costs for this alternative are presented in Table J-2.  These cost estimates include capital 
costs and O&M costs.  The capital costs for installation of the six new wells, including 
mobilization and demobilization, are estimated to be $560,000.  Annual costs to implement 
MNA for groundwater are estimated to be $86,000.  The costs associated with MNA are the 
incremental costs associated with the Area 303, which are above the base program costs 
associated with monitoring activities specified in the CMP.  The MNA estimate includes the 
costs associated with sample collection at Area 303, sample analysis, and the incremental 
reporting and mobilization costs. 

The present worth cost for this alternative, assuming a 5 percent discount rate and a 40-year 
natural attenuation monitoring period, is $2.1 million.  Total capital and O&M costs (no present 
worth) for this alternative are estimated to be $4 million.  Costs associated with the 
implementation of institutional controls at this site were not estimated, because existing island-
wide institutional controls would cover site-specific restrictions.  The duration of monitoring 
may vary substantially from the estimated 40-year value. 

ALTERNATIVE 4—FREE-PHASE PRODUCT RECOVERY 

This alternative consists of installation of four new wells and free-phase product recovery.  
Recoverable product would be removed from new wells and existing site wells using passive 
skimmers.  Passive skimmers would be installed in two existing wells:  MW-303-30 and MW-
303-31.  Free product present in wells HMW-303-11 and HMW-303-5 are being addressed as 
part of SWMU 62.  Four new wells (to be named in the associated work plan) would be installed 
in locations near the two wells containing product (Figure J-2) to better define the extent of free 
product.  The goal of installing new wells would be to increase the effective area of product 
recovery and decrease the recovery duration, thereby optimizing recovery.  If free product is 
detected in these new wells, passive skimmers would be installed.  The new wells could also be 
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used for groundwater monitoring.  Free-product recovery in all wells would occur on a schedule 
commensurate with skimmer capacity.  This schedule may be modified to optimize the recovery 
rate.  The wells used to recover product may change because of changes in site conditions. 

Free-product occurrence would be measured in additional wells to determine if free product is 
migrating and if additional wells should be added to the recovery system in the future.  Removal 
of free-phase product would continue until the technically practicable endpoint for passive free-
phase product recovery, as defined in the OU A ROD (U.S. Navy et al. 2000), is achieved.  It is 
estimated that the technically practicable endpoint for passive free-phase product recovery in the 
new wells and existing wells can be reached within 2 years.  However, product recovery rates are 
extremely dynamic. 

The costs for this alternative are presented in Table J-3.  These cost estimates include capital 
costs and O&M costs.  The capital costs for installation of four new wells with passive skimmers 
and installation of passive skimmers in two existing wells are estimated to be $580,000.  Annual 
O&M costs to recover free product from the six wells are $280,000 per year for 2 years. 

The present worth cost for this alternative, assuming a 5 percent discount rate and 2 years of 
passive free-phase recovery from the new and existing wells, is $1.1 million.  Total capital and 
O&M costs (no present worth) for this alternative are also estimated to be $1.1 million.  The 
duration of product recovery may vary from the estimated value. 
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Unit Cost Units Quantity Cost

TOTAL CAPITAL COSTS None

ANNUAL O&M COSTS

Annual Groundwater Monitoring Costs
Mobilization

Mobilize/Demobilize* $2,000 LS 1 $2,000
Shipping $1.60 LB 1,000 $1,600

Monitoring
Project Management/Coordination $120 Well 10 $1,200
Field Labor $480 Well 10 $4,800
Hydrogeologist $100 Well 10 $1,000
Lodging and Per Diem $418 Day 5 $2,090
Equipment Rental $1,620 Week 1 $1,620
Vehicle Rental $100 Day 5 $500
Sampling Supplies $45 Well 10 $450
Analytical (DRO, GRO, BTEX, S/VOCs) $850 Well 10 $8,500

SUBTOTAL MNA COSTS $23,760
Contingency Allowances % 25 $5,940
Site Inspection and Overhead Costs % 8 $2,376

$32,000
$1,300,000

$500,000

TOTAL CAPITAL COSTS $0
TOTAL O&M COSTS (40 YEARS) $1,300,000
TOTAL CAPITAL AND O&M COSTS $1,300,000
PRESENT WORTH O&M COSTS** $500,000
TOTAL PROJECT PRESENT WORTH** $500,000

** Present worth costs were calculated using a 5% discount rate.

GRO - gasoline-range organics

LS - lump sum

MNA - monitored natural attenuation
S/VOCs - semivolatile/volatile
                 organic compounds

                       YR - year

DRO - diesel-range organics

LB - pound

BTEX - benzene, toluene, ethylbenzene, and total xylenes

40-Yr Present Worth MNA**

*Mobilization costs are the estimated fraction of the total mobilization costs, assuming that other sites will be 
monitored at the same time and mobilization costs will be shared between multiple sites.

Notes:

Item

Table J-1
Area 303 Cost Estimate For Alternative 2:  Limited

 Groundwater Monitoring

TOTAL ANNUAL MONITORING COST
Cost Projection for 40 years

W:\50907\0803.007\FINAL\FFS Area 303 - Text.doc
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Unit Cost Units Quantity Cost

CAPITAL DIRECT COSTS (INSTALLED)
Well Installation Costs

Mobilize/Demobilize crew/equipment $35,000 LS 1 $35,000
Mobilize/Demobilize Drill Rig* $100,000 LS 1 $100,000
Shipping $1.60 LB 2,000 $3,200
Lodging and Per Diem $836 Day 14 $11,704
Equipment Rental $2,200 Week 2 $4,400
Vehicle Rental $100 Day 14 $1,400
Well Construction (Labor) $15,000 Week 2 $30,000
Well Construction (Materials) $1,000 Well 6 $6,000

         SUBTOTAL CAPITAL COSTS $191,704
 Contingency Allowances % 25 $47,926

TOTAL CAPITAL DIRECT COSTS $240,000

CAPITAL INDIRECT COSTS
Preliminary Design DC % 25 $60,000
Engineering Design DC % 20 $48,000
Regulatory Compliance DC % 15 $36,000
Construction QA and Management DC % 20 $48,000
System Startup DC % 20 $48,000
Closure Documentation DC % 15 $36,000

TOTAL CAPITAL INDIRECT COSTS $280,000

$520,000
Site Inspection and Overhead Costs Total Costs % 8 $41,600

TOTAL CAPITAL COSTS $560,000

TOTAL DIRECT AND INDIRECT CAPITAL COSTS

Item

Table J-2
Area 303 Cost Estimate For Alternative 3:  Monitored Natural

Attenuation and Institutional Controls

W:\50907\0803.007\FINAL\FFS Area 303 - Text.doc
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Unit Cost Units Quantity Cost

ANNUAL O&M COSTS

Annual MNA Costs
Mobilization

Mobilize/Demobilize** $2,000 LS 1 $2,000
Shipping $1.60 LB 2,000 $3,200

Monitoring
Project Management/Coordination $120 Well 30 $3,600
Field Labor $480 Well 30 $14,400
Hydrogeologist $100 Well 30 $3,000
Lodging and Per Diem $418 Day 14 $5,852
Equipment Rental $1,620 Week 2 $3,240
Vehicle Rental $100 Day 14 $1,400
Sampling Supplies $45 Well 30 $1,350
Analytical (DRO, GRO, BTEX, S/VOCs) $850 Well 30 $25,500

SUBTOTAL MNA COSTS $63,542
Contingency Allowances % 25 $15,886
Site Inspection and Overhead Costs % 8 $6,354

$86,000
$3,400,000
$1,500,000

TOTAL CAPITAL COSTS $560,000

TOTAL O&M COSTS (40 YEARS) $3,400,000

TOTAL CAPITAL AND O&M COSTS $4,000,000

PRESENT WORTH O&M COSTS*** $1,500,000

TOTAL PROJECT PRESENT WORTH*** $2,100,000

*There is currently no drill rig on Adak.

*** Present worth costs were calculated using a 5% discount rate.

Notes:

BTEX - benzene, toluene, ethylbenzene, and total xylenes
DRO - diesel-range organics
GRO - gasoline-range organics
LB - pound

Table J-2 (Continued)
Area 303 Cost Estimate For Alternative 3:  Monitored Natural

Attenuation and Institutional Controls

Item

TOTAL ANNUAL MNA COST
Cost Projection for 40 years
40-Yr Present Worth MNA***

**Mobilization costs are the estimated fraction of the total mobilization costs, assuming that other sites will be 
monitored at the same time and mobilization costs will be shared between multiple sites.

W:\50907\0803.007\FINAL\FFS Area 303 - Text.doc
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S/VOCs - semivolatile/volatile organic compounds
YR - year

LS - lump sum

O&M - operation and maintenance

Area 303 Cost Estimate For Alternative 3:  Monitored Natural
Attenuation and Institutional Controls

MNA - monitored natural attenuation
QA - quality assurance

Table J-2 (Continued)

W:\50907\0803.007\FINAL\FFS Area 303 - Text.doc
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Unit Cost Units Quantity Cost

CAPITAL DIRECT COSTS (INSTALLED)
Well Installation Costs

Mobilize/Demobilize crew/equipment $35,000 LS 1 $35,000
Mobilize/Demobilize Drill Rig* $100,000 LS 1 $100,000
Shipping $1.60 LB 1,400 $2,240
Lodging and Per Diem $836 Day 7 $5,852
Equipment Rental $2,200 Week 1 $2,200
Vehicle Rental $100 Day 7 $700
Well Construction (Labor) $15,000 Week 1 $15,000
Well Construction (Materials) $1,000 Well 4 $4,000

Automated Passive Skimmer Installation
Shipping $1.60 LB 6,000 $9,600
Lodging and Per Diem $418.00 Day 7 $2,926
Equipment purchase $2,500 Well 6 $15,000
Equipment Install $8,000 Week 1 $8,000
Vehicle Rental $100 Day 7 $700

        SUBTOTAL CAPITAL COSTS $201,218
Contingency Allowances % 25 $50,305

TOTAL CAPITAL DIRECT COSTS $250,000

CAPITAL INDIRECT COSTS
Preliminary Design DC % 25 $62,500
Engineering Design DC % 20 $50,000
Regulatory Compliance DC % 15 $37,500
Construction QA and Management DC % 20 $50,000
System Startup DC % 20 $50,000
Closure Documentation DC % 15 $37,500

TOTAL CAPITAL INDIRECT COSTS $290,000

$540,000
Site Inspection and Overhead Costs Total Costs % 8 $43,200

TOTAL CAPITAL COSTS $580,000

Item

Table J-3
Area 303 Cost Estimate For Alternative 4:  Free-Phase 

Product Recovery

TOTAL DIRECT AND INDIRECT CAPITAL COSTS
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Unit Cost Units Quantity Cost

ANNUAL O&M COSTS

Annual Free-Phase Product Recovery Costs
Mobilization

Mobilize/Demobilize $6,000 LS 12 $72,000
Shipping $1.60 LB 800 $1,280

Monitoring
Project Management/Coordination $1,440 Well 6 $8,640
Field Labor $5,760 Well 6 $34,560
Lodging and Per Diem $418 Day 84 $35,112
Supplies $3,000 Well 6 $18,000
Vehicle Rental $100 Day 60 $6,000
Hazardous Waste Disposal $10,000 YR 1 $10,000
Battery/remote system repair/replacement  $25,000 YR 1 $25,000

SUBTOTAL RECOVERY COSTS $210,592
Contingency Allowances % 25 $52,648
Site Inspection and Overhead Costs % 8 $21,059

$280,000
$560,000
$520,000

TOTAL CAPITAL COSTS $580,000

TOTAL O&M COSTS (2 YEARS) $560,000

TOTAL CAPITAL AND O&M COSTS $1,100,000

PRESENT WORTH O&M COSTS** $520,000

TOTAL PROJECT PRESENT WORTH** $1,100,000

*There is currently no drill rig on Adak.
** Present worth costs were calculated using a 5% discount rate.

YR - year

QA - quality assurance
S/VOCs - semivolatile/volatile organic compounds

LB - pound
LS - lump sum
MNA - monitored natural attenuation
O&M - operation and maintenance

Notes:

BTEX - benzene, toluene, ethylbenzene, and total xylenes
DRO - diesel-range organics

Table J-3 (Continued)
Area 303 Cost Estimate For Alternative 4:  Free-Phase 

Product Recovery

GRO - gasoline-range organics

Item

TOTAL ANNUAL RECOVERY COST
Cost Projection for 2 years
2-Yr Present Worth Recovery**
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EXECUTIVE SUMMARY 

This supplemental risk assessment at the petroleum release site designated as Area 303 at the 
former Navy site on Adak Island, Alaska, was conducted primarily to assess the vapor intrusion 
pathway.  The vapor intrusion assessment was completed to better determine whether the 
recommendations of the 2008 focused feasibility study (FFS) (monitored natural attenuation and 
institutional controls with free-phase product recovery) are still valid, or if a different preferred 
alternative may be appropriate to address potential vapor intrusion concerns.  The conclusions of 
this supplemental risk assessment indicate that the preferred remedy is still valid.  This document 
is a supplement to the original risk assessment, which was completed as part of the FFS.  A 
supplement to the original risk assessment was required because (1) the vapor intrusion pathway 
was not fully addressed in the baseline risk assessment because of limitations of the available 
data, and (2) the site borders a residential reuse area and the site has not been evaluated for 
residential reuse.  For these reasons, additional data collection efforts and risk analysis were 
conducted to fully assess possible vapor intrusion pathway for all categories of land use.  The 
pathways evaluated in the original risk assessment (construction worker and trespasser direct 
contact exposures, including inhalation of volatile chemicals in soil and groundwater) are not re-
evaluated in this supplement because the risk conclusions for those pathways are still valid.  No 
cumulative risk is presented in this report that considers both the risk results in the original risk 
assessment and the risks in this supplemental assessment, because different populations were 
evaluated (construction workers versus indoor workers and residents). 

DATA EVALUATION 

The initial step in the risk assessment consisted of selecting the appropriate data relevant to 
human health and then comparing maximum concentrations to health-protective screening values 
in order to select chemicals of potential concern (COPCs) for the in-depth evaluation.  The 
screening values for soil were one-tenth the Alaska Department of Environmental Conservation 
(ADEC) human health screening levels presented in Table B.1 of Alaska Administrative Code 
75.341.  The screening values for soil vapor and groundwater were one-tenth the levels from the 
2009 ADEC Draft Vapor Intrusion Guidance for Contaminated Site, Appendices F (deep soil 
gas) and G (groundwater to indoor air), respectively.  Data used in the risk assessment are as 
follows: 

 The 2006 soil collected from ground surface to a depth of 15 feet 

 Groundwater data collected from Area 303 in the last 5 years (2006, 2008, and 
2009):  These data were included in the risk assessment as representative of 
current conditions in groundwater.  Only volatile organic compound (VOC) data 
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were included, because the focus of this supplemental risk assessment was the 
vapor intrusion pathway, and, therefore, only volatile compounds were a concern. 

 Soil vapor collected in 2010 at three locations and up to four depth intervals (5, 
10, 15, and 20 feet) at each location:  Samples were analyzed by both U.S. 
Environmental Protection Agency (EPA) Method TO-3 and TO-15.  Benzene data 
obtained using Method TO-3 were excluded from this assessment, because the 
benzene detections were determined to be confounded with another co-eluting 
chemical. 

 In addition to the analytical data for soil, groundwater, and soil vapor, fixed-gas 
data from the soil vapor samples were used to provide information on the 
potential for biodegradation of petroleum compounds, and the physical soil 
properties data from one soil location was used to evaluate the representative 
physical conditions in the vadose zone.  The sample was collected in the 
unsaturated zone and consisted of fine-grained sand that was representative of the 
geology encountered in all borings. 

The following summarizes the screening results to select COPCs in soil, groundwater, and soil 
vapor: 

 Soil.  No chemical was selected as a COPC in soil. 

 Groundwater.  Eight chemicals were selected as COPCs for both east and west 
of Main Road because maximum concentrations were greater than their respective 
screening values:  1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, benzene, 
ethylbenzene, m,p-xylene, xylenes, diesel-range organics (DRO), and gasoline-
range organics (GRO). 

 Soil Vapor.  None of the detected chemicals east of Main Road, adjacent to the 
residential land use parcel, sampling location SV 303-01, had maximum 
concentrations greater than their respective screening values, and, therefore, no 
COPC was selected.  West of Main Road (commercial land use parcel), eight 
chemicals were selected as COPCs:  1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, tetrachloroethene (PCE), ethylbenzene, m,p-xylene, 
isopropylbenzene, benzene, and GRO. 

With the exception of PCE and DRO, the same COPCs identified in groundwater were also 
identified in soil vapor.  As confirmed by the vapor data, DRO in groundwater is not sufficiently 
volatile to pose an indoor air hazard.  No analytical result is available for PCE or PCE daughter 
products in groundwater, and there is no known source of PCE at Area 303.  Therefore, it is not 
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currently confirmed that the source of the single PCE detection in soil gas at location SV-302 is 
because of groundwater.  Since the groundwater data set is more extensive then the soil vapor 
data set both spatially and temporally, it serves as support for the chemicals selected and 
evaluated for vapor intrusion and indicates that groundwater is the source for all COPCs in soil 
vapor, except possibly PCE.  As the groundwater-to-indoor-air exposure pathway was addressed 
in the 2008 risk assessment, and the vapor pathway is more accurately addressed using vapor 
data, none of the groundwater data for the COPCs was quantified for the vapor pathway in this 
assessment. 

EXPOSURE ASSESSMENT 

Based on the screening results to select COPCs in soil vapor, chemicals exceeded screening 
levels only at location SV-303-2.  This location is in the commercial land use portion of the site, 
and, therefore, only future on-site worker exposures to indoor air was considered a complete and 
significant pathway of concern.  Thus, only this pathway was quantitatively evaluated in this 
supplemental assessment.  Workers were assumed to be present full time at the site for a working 
lifetime, and work was assumed to occur in a small building, should such a building be 
constructed in the future.  Because there is no building at Area 303, the indoor air pathway is 
currently incomplete.  Assuming a smaller, rather than larger, future building results in higher 
exposure estimates. 

RISK CHARACTERIZATION 

Risk characterization is the summarizing step of this evaluation.  In this step, the toxicity values 
are applied, in conjunction with chemical concentrations and assumptions about the amount and 
frequency of exposure, to estimate carcinogenic risks and noncancer health hazards.  Cancer risk 
estimates represent the potential for cancer effects by estimating the probability of developing 
cancer over a lifetime (e.g., a risk of 1 x 10-6 indicates a one in a million chance of developing 
cancer as a result of exposures).  Noncancer hazards assume there is a level of contaminant 
intake that is not associated with an adverse health effect, even in sensitive individuals.  The 
EPA’s target cancer risk range is 10-6 to 10-4.  The ADEC target cancer goal is a cumulative risk 
of no greater than 10-5.  The target health goal for noncancer contaminants is a hazard index (HI) 
of less than or equal to 1 under both EPA and ADEC regulations. 

Future on-site workers were evaluated for inhalation exposures to soil vapor from location SV-
303-2 migrating into indoor air of a hypothetical building.  The Johnson and Ettinger Model was 
used to predict indoor air concentrations from the soil vapor data for the COPCs collected at the 
5-foot depth interval.  Target health goals were not exceeded for future on-site worker exposures 
to soil vapors of indoor air for either non-total petroleum hydrocarbon (TPH) or TPH 
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compounds.  Non-TPH noncancer hazards were 0.0003 (which is below the target health goal of 
1), and non-TPH cancer risks were calculated at 3 x 10-9 (which is below the target cancer risk 
level of 1 x 10-5).  The individual noncancer hazards for TPH compounds were also well below 
the target health goal of 1, with hazards of 0.003 and 0.09 for C6 to C10 aliphatic and C6 to C10 
aromatic, respectively.  The results of the vapor intrusion evaluation for workers indicate that 
concentrations of COPCs in soil vapors beneath the commercial reuse area of the site are 
unlikely to represent a health concern for workers should a small building be constructed on the 
site in the future. 

UNCERTAINTIES 

Estimating and evaluating health risk from exposure to environmental contaminants is a complex 
process with inherent uncertainties.  Uncertainty reflects limitations in knowledge, and 
simplifying instructions must be made in order to quantify health risks.  Two key areas of 
uncertainty that could potentially affect the conclusions of the risk assessment are (1) the 
modeling inputs used to predict indoor air concentrations from soil vapor, including the soil 
vapor concentration assumed to be present beneath a structure, the size and construction of the 
hypothetical structure, and the location of future construction and (2) the elevated detection 
limits for some of the nondetected data.  Modeling inputs were designed to be protective of 
human health and therefore, overestimated, rather than underestimated, potential indoor air 
concentrations.  For the nondetected soil gas concentrations close to the residential area, 
potential risks were calculated assuming that the detection limits were detected concentrations of 
COPCs.  Even using this conservative assumption, potential risks to residents meet target health 
goals. 

Another area of uncertainty is construction worker exposures to the high soil gas vapor 
concentrations at a depth of 15 feet or more at location SV-303-2.  While exposures are difficult 
to quantify because of the uncertainties involved in estimating an accurate air concentration, 
given the unknowns surrounding any future construction projects, construction workers involved 
in deep excavation work around SV-303-2 might be exposed to levels of COPCs in air that could 
be a health concern. 

Finally, the single detection of PCE in soil gas at 15 feet below ground surface does not have a 
known source.  Chlorinated solvents have not been analyzed in groundwater in Area 303.  
Detection limits in soil vapor for PCE daughter products meet screening levels at the 5-foot 
below ground surface depth interval.  Because the shallowest sample is of most concern for 
vapor intrusion evaluations, the adequate detection limits in the shallow sample indicate that 
chlorinated solvents are not a vapor intrusion issue at Area 303.  However, because of the lack of 
groundwater data and the lack of a defined source, there is some uncertainty about whether 
concentrations might be different in the future. 
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CONCLUSIONS 

The results of this supplemental risk assessment indicate that soil vapor concentrations in 
shallow soil vapor are unlikely to be present in concentrations that represent a health concern for 
the vapor intrusion pathway.  The decommissioning of the gasoline pipeline has mitigated the 
potential for continued release to the environment and is expected to result in continued 
reduction of soil vapor concentrations beneath the site.  In addition, the fixed-gas data indicate 
that conditions are mostly favorable for petroleum biodegradation, further reducing the concern 
associated with vapor intrusion. 

However, the elevated soil vapor concentrations measured at location SV-303-2 in the area 
where free product is present are indicative of a potential hot spot for construction workers (no 
indoor air hazards at this location).  If construction activities (digging) were to occur over this 
location and assuming no attenuation of vapor concentrations has occurred, appropriate 
protective measures should be implemented to protect worker safety.  Although there is currently 
no soil excavation notification requirement for Area 303, it is expected that this requirement will 
be included in the decision document. 

The recommendations of the 2008 FFS (monitored natural attenuation and institutional controls 
with free-phase product recovery) are still valid and protective of public health at the site.  
Because of a lack of analysis for chlorinated solvents in groundwater and the single detection of 
PCE in soil gas, it is recommended that the next round of groundwater monitoring should include 
VOC analysis by EPA Method 8260 to evaluate the potential presence of chlorinated VOCs in 
Area 303 groundwater.  Specifically, the following wells near the PCE detection in the soil vapor 
sample from SV-303-2-C should be sampled:  MW-303-28, MW-303-29, MW-303-30, 03-107, 
HMW-303-5, and HMW-303-6. 

Future On-Site Workers 

The following lines of evidence support the conclusion of no indoor air risk for future on-site 
workers: 

 Significant concentration attenuation is occurring at the site as demonstrated by 
the large reduction in concentration of COPCs between the water table and the 
ground surface at SV-303-2.  This attenuation is likely caused by biodegradation 
and other physical processes, such as dispersion, dilution, sorption, volatilization, 
and chemical or biological stabilization, transformation, or destruction of 
contaminants. 
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 The highest vapor concentrations were identified and used in the risk calculations.  
Soil vapor sampling locations were selected based on the maximum 
concentrations of benzene in groundwater and adjusted for accessibility issues.  
Thus, concentrations of COPCs in soil vapor at other areas of Area 303 are 
unlikely to have higher soil vapor concentrations than those observed in location 
SV-303-2. 

 All possible chemicals that could be a concern were identified.  Review of the 
available groundwater data, which covers a greater spatial area than the available 
soil vapor data, indicates that the same COPCs (except PCE) were identified as a 
potential concern for the vapor intrusion pathway from groundwater, increasing 
the confidence in the selected COPCs in soil vapor.  While PCE has not been 
analyzed for in groundwater beneath Area 303, the single detection of PCE above 
a screening level in soil gas indicates that if the chemical is present in 
groundwater, concentrations are likely low.  Daughter products were not detected 
in soil gas, and detection limits were below screening levels.  PCE in groundwater 
in the downtown area of Adak was identified as a chemical of concern in the 
Record of Decision.  PCE is currently being monitored in groundwater at selected 
solid waste management units on Adak, and all PCE concentrations in 
groundwater are trending down.  The only complete pathway of exposure to 
groundwater at the site is through the vapor intrusion pathway, and PCE was 
identified as a COPC in soil gas.  The risk characterization determined that the 
presence of PCE in soil gas is unlikely to present a vapor intrusion concern. 

 Because estimated health risks for the on-site worker were more than three orders of 
magnitude below the target health goal of 1 x 10-5, even considering all the 
uncertainties in estimating health risks for a future building, unacceptable risks are 
very unlikely to be present if a building were constructed.  Even if some of the 
uncertainties in the site characterization have led to a potential underestimation of 
risks and hazards, the low levels of estimated risk (in the 10-9 range) indicate that it is 
unlikely that target health goals would be exceeded. 

Residential Populations 

The following lines of evidence support the conclusion of no indoor air risk for residents: 

 The vapor data collected from SV-303-1 indicate that no COPC is present in soil 
gas near Eagle Bay Housing area at concentrations that exceed soil gas screening 
concentrations.  In fact, no chemical was detected at all in the shallowest sample, 
and only low levels of chemicals below screening levels were detected in the 
deeper vapor samples.  The fixed-gas data from SV-303-1 demonstrate that 
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favorable conditions for biodegradation of petroleum compounds exist in the 
subsurface at this location.  Therefore, soil vapor concentrations will continue to 
decline and no vapor intrusion concern is likely to exist in the future. 

 As an additional line of evidence that vapor intrusion is not a concern for residents, 
risks were estimated in the uncertainty section assuming chemicals were present at 
the highest concentration detected at SV-303-1, regardless of depth.  This 
semiquantitative evaluation resulted in residential health risks significantly below 
target health goals (risks in the 10-9 range).  Therefore, there is a relatively high 
degree of confidence in the conclusion that the vapor intrusion pathway is incomplete 
or insignificant for residents, despite uncertainties in the risk estimation process. 
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1.0  INTRODUCTION 

This supplemental risk assessment has been conducted to assess the vapor intrusion pathway at 
the petroleum release site designated as Area 303 at the former Naval Complex on Adak Island, 
AK.  The focused feasibility study (FFS) report (U.S. Navy 2008) provided a preferred 
alternative for the site of monitored natural attenuation and institutional controls with free-phase 
product recovery.  A baseline risk assessment was conducted as part of the 2008 FFS.  However, 
the vapor intrusion pathway was not fully addressed in the baseline risk assessment, because of 
limitations in the available data.  In addition, this site borders a land parcel classified as 
residential use.  For these reasons, additional data collection efforts and additional risk analysis 
were performed to reduce vapor intrusion risk uncertainties and to address residential exposures. 

Based on elevated concentrations of volatile chemicals in subsurface soil and groundwater, the 
original risk assessment identified the vapor intrusion pathway as a potentially complete pathway 
for on-site workers if a building were constructed on site.  However, it was concluded that 
insufficient information was available to quantitatively evaluate this pathway.  Therefore, soil 
vapor data was collected from the site to provide data for a more complete evaluation of the 
potential risks posed by vapor intrusion, based on potential future residential and/or 
commercial/industrial land use. Alaska Department of Environmental Conservation’s (ADEC’s) 
vapor intrusion guidance (ADEC 2009) presents requirements for evaluating potentially 
complete vapor pathways, and this supplemental risk assessment meets these state requirements.  
The following multiple lines of evidence were considered to evaluate the potential significance 
of the vapor intrusion pathway and the associated potential health risks: 

 Potential biodegradation occurring in the top 5 feet of soil  

 Movement and attenuation of vapor concentrations in the vadose zone using the 
multi-depth soil vapor profile data 

 Use of soil vapor data to calculate site-specific attenuation factors for future 
buildings on the site 

 Use of Johnson and Ettinger (JE) modeling, soil vapor data, and site-specific soil 
properties to estimate air concentrations in a future residential home 

 Calculation of health risks using the predicted indoor air concentrations 

In addition, the available soil data were also re-evaluated based on future residential and/or 
commercial/industrial land use at Area 303, because the original risk assessment did not consider 
future residential land use and because ADEC has revised their soil cleanup levels since the 
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original risk assessment.  Because ADEC’s 2009 vapor intrusion guidance provides screening 
levels for groundwater protective of the vapor intrusion pathway which were not available prior 
to completion of the original risk assessment, the most recent groundwater data (2006 through 
2009) were evaluated in this assessment to supplement the soil vapor data.  While construction 
worker exposures to subsurface soil and groundwater were not re-evaluated, elevated detections 
of site-related chemicals in soil vapor sample SV-303-2 indicate that construction worker 
inhalation exposures to soil vapor could potentially be significant during excavation or trenching 
activities.  Thus, construction worker inhalation exposures to soil vapor are discussed in the 
uncertainty section of this supplemental risk assessment as a potentially significant exposure 
pathway. 

1.1 RISK ASSESSMENT PROCESS 

According to ADEC and U.S. Environmental Protection Agency (EPA) guidance, risk 
assessments are composed of four basic steps: 

 First, screening of the sampling data to select the applicable data set for humans 
and, within that data set, select chemicals that could be a health concern. 

 Secondly, chemical sources, pathways, receptors, exposure duration and 
frequency, and routes of exposure are evaluated to quantitatively assess the 
amount of exposure to the chemicals of potential concern (COPCs). 

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

 Finally, the risk characterization step integrates the quantitative and qualitative 
results of the data evaluation, exposure, and toxicity assessment sections. 

The accuracy of this assessment depends in part on the quality and representativeness of the 
available samples, exposure, and toxicological data.  Where information is incomplete, 
conservative assumptions were made so that risk to public health was not underestimated.  
Section 6 presents a discussion of uncertainties in the HHRA.  This report was prepared in 
accordance with current ADEC and EPA guidelines for vapor intrusion risk assessment in 
accordance with general risk assessment guidance (ADEC 2009 and 2010 and USEPA 1989 and 
2002b). 

The evaluation follows the available science where appropriate regulatory guidance is not 
available to accommodate site-specific conditions. 
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This risk assessment is organized as follows: 

 Section 1 provides a site description and describes the source of contamination. 

 Section 2 describes the data used in the risk assessment and how the COPCs were 
selected. 

 Section 3 provides the conceptual site model (CSM), the rationale for the 
selection or exclusion of exposure pathways, and the methodology and inputs that 
were used to calculate chemical dose. 

 Section 4 describes the sources of the toxicity criteria used in the risk and hazard 
calculations. 

 Section 5 provides the methodology that was used to calculate cancer risks and 
noncancer hazards. 

 Section 6 discusses the uncertainties in the risk assessment. 

 Section 7 presents the conclusions of the risk assessment. 

 Section 8 lists the references cited in this risk assessment. 

1.2 SITE DESCRIPTION 

Are 303 is located in downtown Adak and occupies approximately 23.8 acres that includes 
disturbed commercial/industrial areas and open grassy areas.  It is bounded by Airport Road to 
the north, Sandy Cove Housing area and the former high school building to the east, Eagle Bay 
Housing area and an unnamed dirt road to the south, and the air terminal to the west (Figure 1-1).  
The primary physical features within the site are: 

 The former line crew building (Building T-2776), which is located at the northern 
limit of Area 303 along Airport Road 

 The General Communications, Inc. (GCI) Compound, which includes the GCI 
Building (Building 42352) and an associated long-distance telecommunications 
transmitter and receiver antenna, located within a fenced enclosure that is 
approximately centered within Area 303 
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 Main Road, which traverses the eastern portion of the site in a northeast-
southwest direction 

 An underground utility corridor that contains former fuel transfer pipelines and 
traverses the site parallel and adjacent to Main Road 

The GCI Compound is a long-distance telecommunications transmitter and receiver facility and 
provides all off-island telecommunications services for Adak Island.  It is assumed that this 
facility will continue to operate as the primary long-distance telecommunications facility in the 
future.  The GCI facility is currently occupied on an intermittent basis and site use includes 
working adults under both current and future conditions.  Construction worker exposures to soil 
and groundwater were previously evaluated in the human health risk assessment conducted for 
the GCI Compound in 2003 (U.S. Navy 2004) and no unacceptable health risks were identified.  
The GCI compound building is located over lower concentrations in groundwater than have been 
identified beneath Area 303 and the 2003 risk assessment concluded that on-site worker 
exposures (including the vapor intrusion pathway) were insignificant at the GCI Compound. The 
GCI Compound was not re-evaluated in this supplemental risk assessment.  However, a semi-
quantitative evaluation of on-site worker exposures to indoor air in the GCI building, based on 
groundwater data, is included in the uncertainty section, Section 6.2. 

Prior to the military use of Adak Island during World War II, the western portion of the 
downtown area was occupied by a back beach lagoon.  The lagoon was separated from Kuluk 
Bay by a series of sand dunes.  The lagoon was filled with sand and rock by the military forces to 
construct the airfield.  The sand dunes were leveled to create the relatively flat area occupied by 
downtown Adak today.  Area 303 is believed to be situated near the eastern shoreline of the 
former lagoon, outside of the fill area. 

1.2.1 Geology and Hydrogeology 

During petroleum-related site investigations conducted in the vicinity of Area 303, numerous 
soil, groundwater, sediment, and surface water samples were collected over the period 1991 to 
2010 (U.S. Navy 2008).  The geology and hydrogeology at the site are characterized by sandy 
soils derived from stream, wind, and wave action.  The subsurface soils have variable 
permeability and generally consist of sands and gravels with occasional layers of organic silt and 
clay.  The saturated sands typical in the downtown portion of Adak Island have a high water-
bearing capacity.  The organic silts and clays have low water-bearing capacity and typically 
cause shallow water in the subsurface to pond above the primary aquifer as small perched 
groundwater zones. 



FINAL SUPPLEMENTAL RISK ASSESSMENT Section 1.0  
Area 303, Former Adak Naval Complex Revision No.:  0 
Naval Facilities Engineering Command Northwest Date:  4/28/11 
Contract No. N44255-09-D-4001 Page 1-6 
Delivery Order 0007 

U:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Final FFS Revision 1\Final FFS Report, Revision 1 to 
Client\Appendix L\Area 303 Final Supplemental Risk Assessment.docx 

Perched groundwater has been detected in monitoring well MRP-MW3, which was installed in 
1992 and is directly adjacent to well MRP-MW2 in the northeast portion of Area 303 (Figure 2-1).  
Perched groundwater was also detected in former well 03-708, located approximately 125 feet 
west-northwest of well MRP-MW3.  Perched groundwater was measured at depths of 2 to 5 feet 
below ground surface (bgs) during investigations between 1992 and 2000 (U.S. Navy 2008).  The 
2006 field investigation at Area 303 concluded that the extent of perched groundwater was limited 
to only two areas near MRP-MW3 and 03-708 (Figure 2-1).  Based on the 2010 drilling effort to 
install soil vapor probes near SV-303-3, the extent of the intermittent perched groundwater covers 
a significantly larger area than previously thought.  Perched groundwater was encountered near 
SV-303-3 and far as 300 feet west of SV-303-3.  Attachment A-3 shows the four locations where 
perched groundwater was encountered in 2010. 

Groundwater in the main aquifer zone beneath Area 303 flows west toward the East Canal of the 
airport ditch system located immediately southwest of the site.  The shallow groundwater flow 
pattern in the vicinity of the airfield is controlled by the water levels in the airport ditch, which 
fluctuate within a small range as a result of ditch pumping (U.S. Navy 1995b).  East of Main 
Road and west of the former high school, the top of the shallow aquifer is present between 
approximately 24 and 28 feet bgs.  West of Main Road and above the bluff near the western 
boundary of Area 303, the top of the shallow aquifer is present at approximately 21 to 28 feet 
bgs.  Near the western boundary of Area 303 below the bluff, the top of the shallow aquifer is 
approximately 8 to 15 feet bgs.  The bluff is identified on Figures 2-2 and 2-3. 

1.2.2 Land Use 

A review of Navy records revealed that land use within Area 303 was restricted to aviation or 
industrial purposes.  Maps of military facilities on Adak from 1946 identified the presence of an 
underground aviation gasoline (AVGAS) distribution pipeline traversing the site. A gasoline 
station (Building 2788) and motor pool structure were formerly located at this site in the vicinity 
of the GCI Compound (USACE 1946).  No evidence remains of these earlier buildings (U.S. 
Navy 1995a).  The date of installation for the GCI Compound is estimated to be between 1977 
and 1987, based on a review of available aerial photographs (U.S. Navy 2008).  The assumed 
future land use at and surrounding Area 303 based on that prescribed by the economic reuse 
study of Adak (ARC 2000) is shown in Figure 1-1.  The reuse study and transfer documents, 
specified land use as follows: 

 West of Main Road, the site is classified as commercial/industrial reuse by the 
Adak Reuse Corporation.  The Navy anticipates that the western portion of the 
site will continue to be used for commercial or industrial purposes. 
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 The eastern portion of the site between Main Road and the former high school 
building is designated for public facilities reuse.  This category is intended to 
provide for and protect areas of public lands or facilities for public uses. 

 Land use west of the site is designated for aviation reuse. 

 The adjacent property to the northeast and southeast, consisting of the Sandy 
Cove and Eagle Bay Housing areas, is classified for residential or future 
residential reuse. 

1.3 SITE HISTORY AND REMEDIAL ACTIVITIES 

Groundwater contamination in Area 303 was identified as an additional contaminated site that 
might require cleanup after the U.S. Geological Survey (USGS) identified a gasoline plume from 
an unknown source as part of their 2003 investigation of the GCI Compound (USGS 2005).  The 
Navy performed a site characterization in 2006 as part of an FFS.  The extent of gasoline-related 
petroleum chemicals in soil and groundwater was defined (U.S. Navy 2008).  The results of the 
FFS suggested that the 8-inch-diameter AVGAS pipeline along the eastern side of and parallel to 
Main Road was the likely GRO source (U.S. Navy 2008).  Some sections of the AVGAS 
pipeline that pass through Area 303 failed vacuum testing in 2009, suggesting that this pipeline 
was the likely GRO source.  There were three active pipelines that passed through Area 303.  A 
4-inch-diameter diesel pipeline and a 6-inch-diameter jet petroleum No. 5 (JP-5) pipeline were 
installed on the west side of and parallel to Main Road, and the 8-inch-diameter AVGAS 
pipeline was installed on the east side of Main Road until it crossed Main Road in the northern 
portion of Area 303.  The pipelines are buried generally between 4 and 5 feet bgs (U.S. Navy 
2008).  The AVGAS and the JP-5 pipelines were decommissioned in 2009.  The 2009 
decommissioning activities included integrity testing using a vacuum test, removal of residual 
fuel from the pipes (draining and collection), cleaning of pipes using a vacuum system, pigging, 
grouting pipes, removal of valves, totalizers and other appurtenances, and capping (U.S. Navy 
2009). 

1.4 RESULTS OF ORIGINAL RISK ASSESSMENT 

The FFS identified petroleum compounds in soil and groundwater above regulatory levels at the 
site as a result of leakage from subsurface fuel lines (U.S. Navy 2008).  The original risk 
assessment presented in the FFS (U.S. Navy 2008) assumed industrial/commercial land use 
based on the Navy’s understanding of the site’s reuse.  The risk assessment used available soil 
and groundwater data to select the populations of potential concern and quantify the potential 
exposure pathways.  The only complete and significant pathways of exposure selected for 
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quantitative evaluation in the original risk assessment were construction worker exposures to 
impacted subsurface soil and groundwater.  Thus, the original risk assessment evaluated 
construction worker direct-contact exposures to subsurface soil, perched groundwater (assumed 
to be present based on historical information, although the 2006 sampling did not locate perched 
water), and vapors emitted from soil and groundwater into a construction worker’s breathing 
zone. No risk in excess of ADEC target health goals was identified for construction worker 
exposures. 

Semi-quantitative evaluation of the vapor intrusion pathway in the uncertainty section of the 
original risk assessment suggested that the vapor intrusion pathway was insignificant, based on 
the construction of a hypothetical future commercial building over the maximum volatile organic 
compound (VOC) concentrations measured in groundwater and the use of the JE Model to 
predict indoor air concentrations.  However, the uncertainties associated with the vapor intrusion 
pathway identified in the original risk assessment, such as uncertainty in the type (i.e., 
commercial or residential structure) and location of future construction, uncertainty in the 
concentrations of vapors in the subsurface, and potential effects of biodegradation on soil vapor 
concentrations, warranted further evaluation of this pathway.  Thus, the purpose of this 
supplemental risk assessment is as follows: 

 Reduce uncertainties identified in the original risk assessment. 

 Provide a more defensible conclusion regarding potential concerns related to the 
vapor intrusion pathway. 

 Provide an updated evaluation of the FFS results taking into account current 
monitoring data. 
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2.0  DATA EVALUATION 

This initial step in the risk assessment has two parts.  First, the available sampling data and site 
information are reviewed to select data applicable to human health.   Second, chemical 
concentrations within the data set are evaluated to identify chemicals and affected environmental 
media (e.g., soil and groundwater) that are potential human health concerns requiring a more 
detailed assessment.  Appendix A provides a summary of the field sampling activities and a data 
usability analysis, and Appendix B contains the data selected for use in this supplemental 
evaluation. 

2.1 SELECTION OF DATA APPLICABLE TO HUMAN HEALTH 

This section of the risk assessment provides a discussion of all the available data and its 
applicability for human health risk assessment.  Usually not all the data available at a particular 
site are selected for inclusion in the risk assessment, because not all are relevant to human health.  
For example, the quality of the data may be insufficient for the needs of the risk assessment, or 
the soil data may be from a depth interval for which there would be no human exposures.  The 
data selected for inclusion or exclusion in the risk assessment for this site are presented in 
Table 2-1, together with the rationale for exclusion.  Historical data are not considered 
representative of current conditions. Generally only soil and groundwater data collected from 
2006, and to soil vapor and soil properties samples collected in 2010 are included in this 
evaluation.  Details of the data sets for each media and the data selected for human health are 
presented in the sections below.  Sampling locations evaluated for inclusion in the human health 
data set are presented on Figures 2-1 through 2-3. 

2.1.1 Soil Data 

Data from 16 borings in the vicinity of the site were sampled in 2006 from depths of 2.5 to 27 
feet for semivolatile organic compounds (SVOCs), VOCs, total petroleum hydrocarbons (TPH), 
and lead.  Significant subsurface soil contamination at the site (defined by concentrations 
exceeding one-tenth of ADEC cleanup levels) is not present until approximately 14 feet bgs.  
ADEC’s soil depth interval of interest for human health is 0 to 15 feet bgs, as human contact to 
soils deeper than 15 feet bgs is unlikely.  This resulted in nine borings being included in this 
supplemental assessment.  One sampling locations, MW-303-35, was sampled over two depth 
intervals – for a total of 10 samples available from the 9 locations.  Sampling locations are 
shown on Figure 2-3.  It was assumed that soil disturbing activities, such as construction 
activities, could expose all contaminants present in subsurface soil.  Therefore, all analytical 
constituents were included in the human health data set, not just VOCs. 
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Table 2-1 
Summary of Data Selection for Use in the Risk Assessment 

Locations of Data Included Data Excluded Rationale for Exclusion 
Soil Soil  
MW-303-22, MW-303-25, MW-303-27, MW-303-28, 
MW-303-33, MW-303-34, MW-303-35, MW-303-36, 
MW-303-37 

Samples greater than 15 feet 
bgs 

No exposure is 
anticipated to soil greater 
than 15 feet bgs. 

Samples older than 2006 Age of data is not 
representative of current 
conditions. 

Groundwater Groundwater  
03-012, 03-103, 03-104, 03-105, 03-107, 03-502, 03-
562, 03-778, 03-895, 04-100, 04-202, 04-204, 04-210, 
04-211, 04-213, 04-701, GP-303-22, GP-303-22A, GP-
303-22C, GP-303-23, GP-303-23A, GP-303-23B, GP-
303-24, GP-303-24A, HMW-102-7, HMW-102-8, 
HMW-102-10, HMW-303-5, HMW-303-6, HMW-303-
11, HMW-303-12, MRP-MW1, MRP-MW2, MRP-
MW3, MRP-MW9, MW-303-14, MW-303-17, MW-
303-22 (B), MW-303-23 (C), MW-303-24 (B), MW-
303-25, MW-303-26, MW-303-27, MW-303-28, MW-
303-29, MW-303-30, MW-303-31, MW-303-32, MW-
303-33, MW-303-34, MW-303-35, MW-303-36, MW-
303-37 

Samples older than 2006 Age of data is not 
representative of current 
conditions. 

Metals and semivolatiles 
data 

Metals and semivolatiles 
are not volatile, do not 
pose a vapor intrusion 
risk, and are not 
considered for a vapor 
intrusion investigation. 

Soil Vapor   
SV-303-01, SV-303-02, SV-303-03 TO-3 results for benzene Detections were 

determined to be false 
positives. 

Note:  bgs - below ground surface 

2.1.2 Groundwater Data 

Fifty-three groundwater wells (Figure 2-3) in the vicinity of the site have been sampled for 
gasoline-rage organics (GRO), diesel-range organics (DRO), and/or VOCs at least once in the 
last 5 years (2006 through 2009).  Analytical data for GRO, DRO, and VOCs from all these 
locations and sampling dates were included in the risk assessment as representative of current 
conditions in groundwater (Table 2-1).  Since the vapor intrusion pathway is the focus of this 
assessment, only VOC data are included. Since there is a possibility of volatile compounds in the 
lighter end of the DRO compounds range, DRO analyses in groundwater were included in the 
human health data set.  In addition, concentrations of VOCs at the water table interface is most 
relevant to the vapor migration pathway, as these are the concentrations most representative of  
 



Loc ID Northing Easting LATwgs84 LONwgs84
SV-303-01 317373.7719 3135677.661 51.86757 -176.64233
SV-303-02 317418.9142 3135294.926 51.86768 -176.64403
SV-303-03 318117.0642 3135882.353 51.86960 -176.64146



SV-303-3-A
5' bgs

07-14-2010
BENZENE 3.5 U
ETHYLBENZENE 0.9 J
TOLUENE 4.1 U
XYLENES (Total) 1.3 J
GRO 220 U

Analyte

07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010
BENZENE 34 U TIC 170 U TIC 3,600 U TIC 3,400 U TIC
ETHYLBENZENE 47 U 150 J 230 U 1,900 U 35,000 37,000 77,000 25,000
TOLUENE 58 1,200 200 U 8,700 4,200 U 75,000 4,000 U 49,000
XYLENES (Total) 22 J 620 U 130 J 2,100 28,000 45,000 96,500 15,000 M
GRO 1,100,000 4,100,000 12,000,000 13,000,000 80,000,000 96,000,000 100,000,000 91,000,000

Analyte

SV-303-2-A
5' bgs

SV-303-2-D
20' bgs

SV-303-2-B
10' bgs

SV-303-2-C
15' bgs

SV-303-1-A
5' bgs

08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-2010
BENZENE TIC 0.68 J TIC 3.4 U TIC 3.4 U TIC
ETHYLBENZENE 9.7 U 2.1 J 9.9 U 4.7 U 9.9 U 2.6 J 12 U
TOLUENE 8.4 U 4.1 U 8.6 U 4.1 U 8.6 U 4 U 11 U
XYLENES (Total) 9.7 U 5.1 J 9.9 U 4.7 U 9.9 U 4.2 J 12 U
GRO 290 U 700 U 300 U 470 U 460 U 220 U 359 U

Analyte

SV-303-1-B
10' bgs

SV-303-1-C
15' bgs

SV-303-1-D
20' bgs
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what will be off-gassing from groundwater and traveling up through the soil column.  Table 2-2 
summarizes the available screening interval information for the groundwater data selected for 
this evaluation.  The majority of the available groundwater samples appear to have been 
collected from the top of the groundwater aquifer. 

Table 2-2 
Summary of Groundwater Screening Intervals 

Well 
Begin Depth 

(feet) 
End Depth 

(feet) Well 
Begin Depth 

(feet) 
End Depth 

(feet) 

03-012 7.57 7.62 HMW-303-11 26.12 26.16 
03-103 NA NA HMW-303-12 24.08 24.09 
03-104 18.26 18.26 HMW-303-5 26.58 26.6 
03-105 18.15 18.24 HMW-303-6 27.41 27.41 
03-107 26.83 26.92 MRP-MW1 18.34 18.49 
03-502 NA NA MRP-MW2 20.26 20.31 
03-562 16.9 16.9 MRP-MW3 NA NA 
03-778 NA NA MRP-MW9 22.37 22.76 
03-895 20.44 20.44 MW-303-14 NA NA 
04-100 NA NA MW-303-17 NA NA 
04-202 NA NA MW-303-22 (B) 28 30 
04-204 NA NA MW-303-23 (C) 28 31 
04-210 24.07 24.08 MW-303-24 (B) 26 30 
04-211 22.81 22.84 MW-303-25 10.5 16 
04-213 22.7 22.73 MW-303-26 27.5 27.5 
04-701 NA NA MW-303-27 30 30 
GP-303-22 30 30 MW-303-28 31 31 
GP-303-22A 27.5 27.5 MW-303-29 27.5 27.5 
GP-303-22C 29 29 MW-303-30 30 30 
GP-303-23 27 27 MW-303-31 31 31 
GP-303-23A 30 30 MW-303-32 27 27 
GP-303-23B 28 28 MW-303-33 20 27 
GP-303-24 19 19 MW-303-34 15.5 16 
GP-303-24A 28 28 MW-303-35 13 17.5 
HMW-102-10 15.73 15.8 MW-303-36 15 15 
HMW-102-7 16.72 16.72 MW-303-37 15.5 15.5 
HMW-102-8 17.22 17.23    

Note:  NA - not available 
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2.1.3 Soil Vapor Data 

Soil vapor probes were installed and sampled for VOCs at three locations in 2010 in support of 
this evaluation (Figures 2-1 and 2-2).  Soil vapor locations were selected based on the locations 
of the maximum concentrations of GRO and benzene in groundwater, presence of free product, 
and the proximity to the commercial/industrial and residential land use areas.  The soil vapor 
data are likely to represent the maximum concentrations in soil vapor for the potential 
populations of concern:  future on-site commercial/industrial workers and future residents.  Four 
nested soil vapor probes (each in individual borings) were installed at depths of 5, 10, 15, and 20 
feet bgs at locations SV-303-1 and SV-303-2.  At location SV-303-3, however, one soil vapor 
probe was installed at 5 feet bgs because groundwater was present at a depth of less than 10 feet 
bgs at this location and at three other alternate locations in the vicinity of SV-303-3.  For more 
details of the field change request (FCR) see Attachment A-3 (FCR No. 1 form) in Appendix A.  
The entire soil vapor dataset is presented as Appendix B.  Figure 2-2 also presents the soil vapor 
results. 

Elevated detections of GRO at location SV-303-2 required significant dilutions in the samples 
from each interval and caused elevated detection limits for other VOCs for the initial analysis 
using EPA Method TO-15.  Resampling was conducted at locations SV-303-1 and SV-303-2, 
and samples were analyzed for GRO and benzene, toluene, ethylbenzene, and total xylenes 
(BTEX) using EPA Method TO-3.  Results from both analytical methods are included in this 
assessment for all compounds, except benzene.  Only benzene data analyzed by TO-15 are 
included in this assessment, because the benzene detections obtained using Method TO-3 were 
determined to be confounded with another co-eluting chemical.  Therefore, the reporting limits 
for benzene by TO-15 analysis were used as the maximum likely benzene concentration in the 
risk assessment.  Benzene was not detected in the TO-15 analysis, but reporting limits were 
significantly elevated.  Because TO-15 uses a mass spectrometer in combination with the gas 
chromatograph, it should be more definitive for benzene than the TO-3 method, which uses a 
photoionization detector in combination with the gas chromatograph.  Use of the reporting limits 
as a surrogate concentration for the nondetected compounds results in a more conservative 
evaluation of the vapor intrusion pathway.  See Soil Vapor Analytical Results in Appendix A for 
a detailed discussion. 

2.1.4 Fixed-Gas Data 

To provide information on the potential for biodegradation of petroleum compounds per ADEC 
(2009), concentrations of fixed gases (oxygen, carbon dioxide, and methane) were obtained from 
the vadose zone.  Active aerobic biodegradation requires sufficient levels of oxygen (oxygen as 3 
percent) and produces carbon dioxide (ADEC 2009).  In addition, anaerobic decomposition can 
occur in oxygen-depleted source zones, generating methane.  If the contamination is high or the 
oxygen is not replenished, biodegradation will be retarded.  If the contamination is low and a 
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barrier of clean, well-oxygenated soil is present between the contamination and the building, 
biodegradation will prevent vapor intrusion.  Oxygen, carbon dioxide, and methane were 
measured using a Landtec GEM 2000 gas monitoring instrument at each soil vapor sampling 
point to assess whether site conditions are conducive to biodegradation.  Results of the fixed-gas 
analysis are presented in Table 2-3 and are discussed further in Section 6.3.3. 

Table 2-3 
Area 303 Soil Vapor Sampling Field Data for Fixed Gases 

Sample 
Identification 

Sample 
Depth 

(feet bgs) 
Sample 

Date 
Oxygen 
(% Vol) 

Carbon 
Dioxide 
(% Vol) 

Methane 
(% Vol) 

SV-303-1-A 5 7/15/2010 16.5 3.3 0.0 
8/27/2010 16.5 4.1 1.2 

SV-303-1-B 10 7/15/2010 14.0 4.7 0.1 
8/27/2010 14.2 5.1 0.5 

SV-303-1-C 15 7/15/2010 13.5 5.3 0.0 
8/27/2010 13.1 5.6 0.4 

SV-303-1-D 20 7/15/2010 13.1 5.7 0.0 
8/27/2010 11.7 4.8 0.3 

SV-303-2-A 5 7/14/2010 20.3 1.2 1.3 
8/27/2010 2.0 3.5 2.2 

SV-303-2-B 10 7/14/2010 4.6 2.4 20.1 
8/27/2010 2.7 2.9 19.5 

SV-303-2-C 15 7/14/2010 6.5 4.5 Too high 
8/27/2010 3.6 5.6 >80 

SV-303-2-D 20 7/14/2010 1.7 5.0 Too high 
8/27/2010 3.1 5.1 >80 

SV-303-3-A 5 7/14/2010 16.9 2.4 0.3 

Notes: 
% Vol - percent volume 
> - greater than 
bgs - below ground surface 

2.1.5 Soil Properties Data 

One soil sample was collected in the vadose zone from the 15-foot-depth interval at SV-303-02 
for testing of soil properties, including bulk density and porosity.  The sample consisted of fine-
grained sand representative of the geology encountered in all borings, as shown in the boring 
logs for all soil vapor locations in Appendix A, Attachment A-1.  No silt/clay layer was sampled 
for physical testing because no silt/clay layer was detected during drilling in the unsaturated 
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zones at locations SV-303-1, SV-303-2, or SV-303-3.  Results of the physical properties analysis 
are presented in Table 2-4. 

Table 2-4 
Summary of Soil Properties Data 

Sample 
Identification 

Depth 
(feet) 

Bulk 
Density 
(g/cc) 

Porosity (%Vb)a 

Total Air Filled Water Filled 
SV-303-02-C-15' 15 1.37 49.3 35.7 13.6 

aTotal porosity - all interconnected pore channels; air filled - pore channels not occupied by pore fluids 

Notes: 
The PTS Laboratories data package is provided in Appendix A. 
g/cc - gram per cubic centimeter 
%Vb - percent bulk volume 

2.1.6 Free Product Occurrence 

This section summarizes the occurrence of free-product based on measurements from the last 
comprehensive monitoring well gauging effort at Area 303 on July 18, 2006.  Water levels were 
observed in the 35 monitoring wells (Figure 2-1) as part of the effort.  This section includes a 
description of the estimated extent and volume of free-phase petroleum product observed at the 
site. 

Free product was observed in four wells at Area 303 with thicknesses ranging from 0.01 to 
0.12 foot.  Free product was observed on the groundwater surface in wells HMW-303-5, HMW-
303-11, MW-303-30, and MW-303-31 at thicknesses of 0.03 foot, 0.01 foot, 0.12 foot, and 0.09 
foot, respectively.  The depths to the top of the free product in the four wells were approximately 
24 to 25 feet from ground surface.  The approximate extent of free product is shown on Figure 2-1.  
Because free product was not observed in wells 03-107, HMW-303-6, and MW-303-29, there 
appears to be two areas of free product.  The free product observed near the southwestern 
boundary of Area 303 in wells HMW-303-5 and HMW-303-11 is thought to be a result of the 
release(s) from the Eagle Bay Housing area.  The product type observed in wells MW-303-30 and 
MW-303-31 is believed to be gasoline, because those wells contained high estimated GRO 
concentrations at 36,600 and 17,600 µg/L, respectively (U.S. Navy 2008).  These GRO 
concentrations in groundwater suggest that the source of the free product in wells MW-303-30 and 
MW-303-31 is the former underground AVGAS pipeline adjacent to Main Road. 

The volume of the free product is difficult to estimate with any accuracy.  Models can be used 
for estimating the volume of free product if input data (i.e., free product measurements from 
wells, physical soil parameters, bail tests, etc.) are available.  However, the data needed for these 
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models were not gathered in 2006 because the need for this information was not identified prior 
to field work.  A very gross estimation of the presence of the volume of free product in Area 303 
can be estimated using the area of free product occurrence, the thickness of the smear zone, and 
the concentration of GRO. 

The equation assumes that gasoline is composed of 83 percent GRO (Geosphere 2006).  The 
maximum concentration of GRO in soil was used in the calculation.  The applicable equations 
are: 

Vfp = A x CGRO/0.83 x Tx 

Where: 

Vfp = volume of free product in cubic feet 
A = area of the extent of free product in square feet 
CGRO = maximum GRO concentration expressed as a decimal (6,830 mg/kg or 0.0068) 
Tx = thickness of smear zone in feet (maximum of 3 feet) 

Combining the two areas containing free product, 

Vfp = (33,770 ft2 + 39,299 ft2) x 0.0068/0.083 x 3 
Vfp = 17,960 ft3 

A rough estimate of the total volume of free product within the Area 303 boundary based on very 
general assumptions is 18,000 ft3 or 134,000 gallons. 

2.2 DATA USABILITY AND DATA QUALITY 

Optimizing data usability reduces uncertainty in environmental data used in a risk assessment.  
Data usability and quality issues are discussed below according to EPA guidelines (USEPA 
1992), which provide practical guidance on how to obtain an appropriate level of quality for all 
environmental analytical data. 

2.2.1 Data Usability 

Data usability for the 2010 data is discussed in detail in Appendix A.  The four data application 
questions requiring an answer for risk assessment from EPA’s data usability guidance (USEPA 
1992) are as follows: 

1. What contamination is present and at what levels?  Historical assessments 
identified petroleum compounds in soil and groundwater at the site.  The source of 
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elevated GRO concentrations in groundwater is believed to be an underground 
AVGAS pipeline that parallels Main Road.  While the source of the GRO is not 
definitively known, it is known that GRO is present together with DRO from a JP-5 
source.  JP-5 has an approximate carbon fraction range of C9 to C16, and the majority 
of weathered gasoline is anticipated to range from C6 to C10.  ADEC GRO analyses, 
with an approximate carbon fraction range of C6 to C10, cover the range of the 
majority of the volatile carbon compounds expected in the groundwater plumes and 
soils at the site.  The GRO analyses are, therefore, appropriate to use in evaluating 
contamination for the vapor intrusion pathway.  The most toxic portions of petroleum 
compounds in the GRO range are the single-ring aromatics—BTEX, and specific 
analyses of BTEX were also appropriately included in the analytical suite for soil, 
groundwater, and soil vapor.  Because there may be some volatile compounds in the 
lighter end of the DRO range, DRO analyses in soil and groundwater were included 
in the human health data set. 

2. Are site concentrations different from background?  Concentrations of chemicals 
that occur on site in the absence of site activities are defined as background 
concentrations.  Comparison of site data to background concentrations allows 
determination of the degree of contamination.  For organic constituents, background 
was assumed to be zero. 

3. Are all exposure pathways and areas identified and examined?  Sufficient site 
knowledge exists to understand potential current and future exposure pathways.  
Exposure pathways are identified and discussed in detail in Section 3. 

4. Are all exposure areas fully characterized?  The focus of this supplemental 
evaluation is vapor intrusion.  Therefore, the most applicable data are groundwater 
and soil vapor.  Soil data were not used directly to assess vapor risks, but could be 
useful as an additional line of evidence for vapor intrusion evaluations (ITRC 2007).  
The groundwater data set was robust, with up to 81 samples available from 53 
locations for BTEX, the chemicals likely to be of greatest concern for vapor intrusion.  
Groundwater data was also not used directly in risk calculations, but as an additional 
line of evidence supporting selection of chemicals of concern based on the vapor 
results.  Groundwater data for tetrachloroethene (PCE) (detected in soil gas) or other 
chlorinated solvents are not available (see further discussion in Section 6.1.5 
regarding uncertainties surrounding the lack of chlorinated solvent data for Area 303 
groundwater).  There is no known source of PCE at Area 303, although PCE has been 
detected in groundwater at other areas within the vicinity of downtown Adak. 
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Only three locations were sampled for soil vapors.  The approach in this sampling 
effort was not to “fully characterize” soil vapor plumes, but to select worst-case 
locations in order to assess whether there might be a vapor health risk (see also 
discussion in Appendix A).  If these worst-case locations did not represent a health 
concern, no further characterization of the site would be needed. 

2.2.2 Data Quality—Sample Quantitation Limits 

All data have been collected following Navy, State, and EPA requirements.  The soil and 
groundwater data quality, including sample quantitation limit (SQL) issues (if any), have been 
addressed in the previous risk assessment (the soil data) or in the long-term monitoring reports 
(groundwater) published for the site.  Consequently, the data were of sufficient quality for use in 
risk assessment.  Therefore, the focus of this section is to address any SQL issues with the soil 
vapor data collected in 2010.  Appendix A contains a detailed discussion of the sample dilution 
issues and the differing results of the EPA Methods TO-15 and TO-3 analyses that were 
conducted. 

The SQL is the laboratory quantitation limit (also referred to as the reporting limit) that is 
adjusted to reflect sample-specific factors such as dilution, use of a smaller sample aliquot for 
analysis, or matrix interference.  The method detection limit is defined as the minimum 
concentration of an analyte that can be routinely identified using a specific method.  The 
reporting limit is the minimum level at which an analyte can be accurately and reproducibly 
quantitated.  SQLs are used in risk assessment data evaluations because they “take into account 
sample characteristics, sample preparation, and analytical adjustments” (USEPA 1989), and they 
are considered to be the most relevant quantitation limits for evaluating nondetected chemicals. 

For the vapor samples, laboratory SQLs were established that meet risk assessment requirements.  
In some cases, however, those SQLs were not met.  SQLs below screening values are required in 
order that the resulting data set provides the risk assessor with a higher degree of certainty in 
identifying COPCs.  The adequacy of SQLs was evaluated for both detected and nondetected 
chemicals.  For nondetected chemicals, if the SQL was greater than the screening value, further 
assessment in the uncertainty section of this report was conducted (ADEC 2010).  A chemical 
that is never detected, but has an SQL exceeding a screening level, is typically not carried 
through the risk assessment and is identified as an area of uncertainty.  For this assessment, 
benzene in soil gas was not detected west of Main Road, and SQLs were elevated.  However, 
because of its toxicity and assumed presence at a GRO site, benzene is carried through the risk 
assessment as described in Section 2.3.2.  The impacts on the conclusions of the risk assessment 
of the other chemicals that were never detected at this site, including potential daughter products 
of PCE, are discussed qualitatively in the uncertainty section (Section 6). 
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Any detected chemicals with SQLs greater than their screening values are listed in Table 2-5.  
This table provides the number of “nondetected” values greater than screening values and the 
total number of nondetected samples for each chemical.  If the total number of samples is large 
relative to the number of nondetects, detection limits exceeding screening values are of less 
concern, because the majority of the data set contains detected values.  Chemicals with low 
detection frequencies and high percentages of the nondetected values with SQLs exceeding 
screening levels represent a greater degree of uncertainty, because a larger percentage of the data 
set could potentially be present above a screening level.  The uncertainties surrounding the 
inadequate SQLs for these chemicals and the potential effect on the selection of COPCs and the 
risk assessment results are discussed in Section 6. 

Table 2-5 
Detected Chemicals in Soil Vapor With Method Reporting Limits 

Exceeding Screening Values 

Chemical 

Range of 
Detection 

Limits  
(µg/m3) 

Risk 
Assessment 
Screening 

Valuea 

(µg/m3) 

Nondetects 
Per Total 

Number of 
Samples 

Number of 
Nondetects 
Exceeding 
Screening 

Value 

Frequency of
Exceedance 

(%) 

Chloroform 53-5,500 530 4/5 2 50 
Ethylbenzene 47-35,000 11,000 4/9 1 25 
Isopropylbenzene 320,000 175,000 1/5 1 100 
Tetrachloroethene 7.5-7,200 2,100 4/5 1 25 
1,2,4-Trimethylbenzene 5.4-5,500 3,100 4/5 1 25 
1,3,5-Trimethylbenzene 5.4-5,500 3,100 3/5 1 33 

aThe screening values used in this evaluation are discussed in detail in Section 2.3.  Screening values are from 
 Alaska Department of Environmental Conservation vapor intrusion guidance Appendix F, Target Levels for 
 Deep Soil Vapor, Commercial (ADEC 2009). 

Notes: 
µg/m3 - microgram per cubic meter 
% - percent 

2.3 CHEMICAL SELECTION PROCESS 

Typically, not all chemicals present at a site pose health risks or contribute significantly to 
overall site risks.  EPA guidelines (USEPA 1989) recommend focusing on a group of “chemicals 
of potential concern” based on inherent toxicity, site concentration, and behavior of the 
chemicals in the environment.  To identify these COPCs, risk-based screening values are 
compared to detected chemical concentrations.  If site chemical concentrations exceed their 
respective screening concentrations, these chemicals are retained as COPCs for further 
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evaluation in the risk assessment (ADEC 2010).  The screening process to select COPCs is 
summarized in the subsections below and in Tables 2-6 through 2-8. 

2.3.1 Screening Levels 

The following screening values were used to select COPCs in each media: 

 Soil: one-tenth the ADEC human health screening levels presented in Table B.1 
(non-TPH compounds) and B.2 (TPH compounds) from Alaska Administrative 
Code (AAC)75.341; 

 Groundwater: one-tenth the levels from the ADEC Draft Vapor Intrusion 
Guidance for Contaminated Sites (ADEC 2009) Appendix G (groundwater to 
indoor air); 

 Soil Vapor: one-tenth the levels from the ADEC Draft Vapor Intrusion Guidance 
for Contaminated Sites (ADEC 2009) Appendix F (deep soil gas).  Note that the 
one-tenth adjustment of the screening levels protective of deep soil gas makes the 
screening levels used in the risk assessment equivalent to ADEC’s levels 
protective of shallow soil gas. 

If a detected chemical had no screening value, a surrogate compound of similar structure and 
toxicity was selected, subject to approval by ADEC. 

Default screening levels for GRO and DRO in air and groundwater protective of the indoor air 
pathway are not available in ADEC’s vapor intrusion guidance (ADEC 2009).  Therefore, 
screening levels in air were calculated assuming default composition percentages of the aliphatic 
and aromatic portions of GRO and DRO and the cleanup level equations in ADEC guidance 
(ADEC 2008a).  Screening levels presented for vapor screening in Table 2-8 are one-tenth 
ADEC target health goals (i.e., a target hazard quotient of 0.1 and a target cancer risk of 1 x 10-6) 
and assume an attenuation factor between soil vapor and indoor air of 0.01, as recommended for 
deep soil vapor samples.  Once air concentrations were calculated, groundwater screening levels 
protective of the indoor air pathway were calculated using the formula from ADEC 2009: 

GWia = (IA x CF)/(H x AF) 

Where: 

IA = target indoor air screening level 
AF = groundwater to indoor air attenuation factor of 0.001 
CF = conversion factor of 0.001 m3/L 
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Table 2-6 
Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Soil 

Scenario Time Frame: Current/Future 
Medium: Soil 
Exposure Medium: Surface and Subsurface Soil 
Exposure Point: Surface and Subsurface Soil 

 

CAS 
Number  Chemical 

Minimum 
Detected 

Concentration
(mg/kg) 

Maximum 
Detected 

Concentration
(mg/kg) 

Location of 
Maximum 

Concentration 
Detection 

Frequency 

Range of 
Detection 

Limits 
(mg/kg) 

Concentration
Used for 

Screening 
(mg/kg) 

Screening 
Valuea 

(mg/kg) 
COPC
Flag 

Rationale 
for 

Chemical 
Deletion or 
Selection 

Semivolatile Organic Compounds                 

191-24-2 Benzo(g,h,i)perylene 0.067 0.067 MW-303-35 1/10 0.0119 - 0.0338 0.067 110 No BSL 
53-70-3 Dibenz(a,h)anthracene 0.1 0.1 MW-303-35 1/10 0.0119 - 0.0338 0.1 0.04 c No IFD/LME 

206-44-0 Fluoranthene 0.016 0.0162 MW-303-33 2/10 0.0119-0.0443 0.0162 150 No BSL 
193-39-5 Indeno(1,2,3-cd)pyrene 0.0738 0.0738 MW-303-35 1/10 0.0119-0.0338 0.0738 0.4 c No BSL 
Volatile Organic Compounds                   
71-43-2 Benzene 0.00886 0.00886 MW-303-27 1/10 0.00166 - 0.201 0.00886 0.85 c No BSL 
100-41-4 Ethylbenzene 0.472 1.9 MW-303-28 2/10 0.00443 - 0.00909 1.9 8.1 c No BSL 
86-73-7 Fluorene 0.0133 0.0133 MW-303-33 1/10 0.0119 - 0.0443 0.0133 190 No BSL 
91-57-6 2-Methylnaphthalene 0.0162 0.0162 MW-303-33 1/10 0.0119 - 0.0443 0.0162 23 No BSL 
91-20-3 Naphthalene 0.0208 0.0208 MW-303-37 1/10 0.0119 - 0.0443 0.0208 2.1 No BSL 
85-01-8 Phenanthrene 0.0147 0.0147 MW-303-33 1/10 0.0119 - 0.0443 0.0147 1,680 No BSL 
129-00-0 Pyrene 0.0201 0.0225 MW-303-33 2/10 0.0119 - 0.0443 0.0225 110 No BSL 
108-88-3 Toluene 0.0906 0.0906 MW-303-27 1/10 0.00166 - 0.201 0.0906 22 No BSL 
95-63-6 1,2,4-Trimethylbenzene  0.318 0.897 MW-303-28 2/10 0.00553 - 0.0114 0.897 3.7 No BSL 
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CAS 
Number  Chemical 

Minimum 
Detected 

Concentration
(mg/kg) 

Maximum 
Detected 

Concentration
(mg/kg) 

Location of 
Maximum 

Concentration 
Detection 

Frequency 

Range of 
Detection 

Limits 
(mg/kg) 

Concentration
Used for 

Screening 
(mg/kg) 

Screening 
Valuea 

(mg/kg) 
COPC
Flag 

Rationale 
for 

Chemical 
Deletion or 
Selection 

108-67-8 1,3,5-Trimethylbenzene  0.189 0.594 MW-303-28 2/10 0.00553 - 0.0114 0.594 3.2 No BSL 
1330-20-7 Xylenes 2.39 5.24 MW-303-28 2/10 0.0111 - 0.0227 5.24 6.3 No BSL 
Total Inorganics                   
7439-92-1 Leadb 0.967 2.41 MW-303-22b 10/10 -- 2.41 400 c No BSL 
Total Petroleum Hydrocarbons                   
NA Diesel-range organics 10.4 43.5 MW-303-22b 3/10 4.75 - 7.12 44 825 No BSL 
NA Gasoline-range organics  4.35 58.3 MW-303-27 3/10 3.02 - 7.05 58 140 No BSL 
NA Residual-range organics 29.5 359 MW-303-35 2/10 29.7 - 44.5 359 830 No BSL 
aScreening values are one-tenth of the ADEC soil cleanup levels (method Two, over 40-inch zone), excluding migration to groundwater unless otherwise marked. 
bLead is evaluated differently from other chemicals, and the screening value takes into account additive effects.  Therefore, the full value of the ADEC soil cleanup 
 level for lead is reported on the table. 

Notes: 
Chemical bolded exceeded its screening toxicity value. 
ADEC - Alaska Department of Environmental Conservation 
BSL - below screening level 
CAS - Chemical Abstract Service 
c - cancer endpoint 
COPC - chemical of potential concern 
IFD/LME - infrequent detection and low magnitude of exceedance 
mg/kg - milligram per kilogram 
NA - not available 
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Table 2-7 
Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Groundwater 

Scenario Time Frame: Current/Future 
Medium: Groundwater 
Exposure Medium: Groundwater Vapor 
Exposure Point: Indoor and Outdoor Air 

 

CAS 
Number Chemical 

Minimum 
Detected 

Concentration
(µg/L) 

Maximum 
Detected 

Concentration
(µg/L) 

Location of 
Maximum 

Concentration 
Detection 

Frequency 

Range of 
Detection

Limits 
(µg/L) 

Concentration
Used for 

Screening 
(µg/L) 

Screening
Valuea 
(µg/L) 

COPC 
Flag 

Rationale 
for 

Chemical 
Deletion or 
Selection 

East of Main Roadb                   
Volatile Organic Compounds                 
71-43-2 Benzene 29 100 J GP-303-23 2/29 0.25 - 50 100 J 1.4 c Yes ASL 
100-41-4 Ethylbenzene 0.09 J 1,800 GP-303-23 8/29 0.25 - 1 1,800 6.9 c No ASL 
108-88-3 Toluene 0.16 1,500 GP-303-23 8/29 0.25 - 50 1,500 1920 No ASL 
95-63-6 1,2,4-Trimethylbenzene 5.8 J 300 GP-303-23a 7/20 0.25 - 1 300 2.9 Yes ASL 
108-67-8 1,3,5-Trimethylbenzene 2 650 GP-303-23a 8/20 0.25 - 1 650 2 Yes ASL 

108-38-3/ 
106-42-3 

m,p-Xylenec 0.5 3,400 GP-303-23 3/17 0.5 - 2 3,400 38 Yes ASL 

95-47-6 o-Xylenec 0.96 1,700 GP-303-23 3/17 0.25 - 1 1,700 38 Yes ASL 
1330-20-7 Xylenes 2.6 5,300 GP-303-23a 3/12 1.7 - 3 5,300 38 Yes ASL 
Total Petroleum Hydrocarbons                 
NA Diesel-range organics 86 2,200 GP-303-22c 18/29 48 - 250 2,200 1.7 Yes ASL 
NA Gasoline-range organics  22 J 78,000 GP-303-23A 15/29 25 - 100 78,000 48.1 Yes ASL 
West of Main Roadb                   
Volatile Organic Compounds                 
71-43-2 Benzene 0.05 J 75 J MRP-MW2(9/2009) 43/81 0.25 - 1 75 J 6.9 c Yes ASL 
100-41-4 Ethylbenzene 0.11 J 2,500 MRP-MW3 50/77 0.25 - 1 2,500 35 c No ASL 

108-88-3 Toluene 0.16 J 1,980 MW-303-27 40/77 0.25 - 3.3 1,980 8080 No ASL 
95-63-6 1,2,4-Trimethylbenzene 0.61 258 MW-303-27 22/31 0.25 - 1 258 12 Yes ASL 
108-67-8 1,3,5-Trimethylbenzene 0.53 91.6 MW-303-27 21/31 0.25 - 1 91.6 8.5 Yes ASL 
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CAS 
Number Chemical 

Minimum 
Detected 

Concentration
(µg/L) 

Maximum 
Detected 

Concentration
(µg/L) 

Location of 
Maximum 

Concentration 
Detection 

Frequency 

Range of 
Detection

Limits 
(µg/L) 

Concentration
Used for 

Screening 
(µg/L) 

Screening
Valuea 
(µg/L) 

COPC 
Flag 

Rationale 
for 

Chemical 
Deletion or 
Selection 

108-38-3/ 
106-42-3 

m,p-Xylenec 0.61 11,000 MRP-MW3 35/50 0.5 - 2 11,000 160 Yes ASL 

95-47-6 o-Xylenec 0.07 J 2200 J MRP-MW3(9/2009) 36/50 0.25 - 1 2200 J 160 Yes ASL 
1330-20-7 Xylenes 6.29 4,190 MW-303-27 20/27 3 - 3 4,190 160 Yes ASL 
Total Petroleum Hydrocarbons                 
NA Diesel-range organics 22 J 24,400 J HMW-303-5 52/66 49 - 250 24,400 J 7.2 Yes ASL 
NA Gasoline-range organics  15 J 40,000 J MRP-MW3 67/82 100 - 100 40,000 202 Yes ASL 

aScreening values are one-tenth of the Alaska Department of Environmental Conservation (ADEC) vapor intrusion guidance (ADEC 2009) Appendix G, Target Levels for Groundwater.  
 “For petroleum compounds, screening values were calculated consistent with the methodology described in the ADEC vapor intrusion guidance (ADEC 2009). 
bAs shown on Figures 1-1 and 2-3 locations east of Main Road were screened against residential screening values and locations west of Main Road were screened against commercial  
 screening values. 
cThe following surrogate chemicals were used for screening values: 

Chemical Name     Surrogate Chemical 
m,p-Xylene Xylenes 
o-Xylene Xylenes 

Notes: 
Chemical bolded exceeded its screening toxicity values. 
ASL - above screening level 
CAS - Chemical Abstract Service 
c - cancer endpoint 
COPC - chemical of potential concern 
µg/L - microgram per liter  
NA - not available 
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Table 2-8 
Occurrence, Distribution, and Selection of Chemicals of Potential Concern in Soil Gas 

Scenario Time Frame: Current/Future 
Medium: Soil Gas 
Exposure Medium: Soil Gas 
Exposure Point: Indoor Air 

 

CAS 
Number Chemical 

Minimum 
Detected 

Concentration 
(µg/m3)

Maximum 
Detected 

Concentration
(µg/m3)

Location of  
Maximum  

Concentrationa
Detection 

Frequency 

Range of  
Detection 

Limits 
(µg/m3)

Concentration
Used for 

Screening 
(µg/m3)

Screening
Valueb 
(µg/m3)

COPC 
Flag

Rationale  
for 

Chemical  
Deletion or  
Selectionc

East of Main Roadd                   

Volatile Organic Compounds                 
71-43-2 Benzene 0.68 J 0.68 J SV-303-1-B 1/3 3.4 0.68 31 No BSL 
67-66-3 Chloroform 1.5 J 2.1 J SV-303-1-B 2/3 5.2 2.1 11 No BSL 
100-41-4 Ethylbenzene 2.1 J 2.6 J SV-303-1-E 2/7 4.7 - 12 2.6 220 No BSL 
98-82-8 Isopropylbenzene 5 J 5 J SV-303-1-B 1/3 5.2 - 5.3 5 4,200 No BSL 
108-10-1 4-Methyl-2-pentanone 1.2 J 1.2 J SV-303-1-B 1/3 4.4 - 4.4 1.2 31,300 No BSL 
95-63-6 1,2,4-Trimethylbenzene  2.9 J 2.9 J SV-303-1-B 1/3 5.2 - 5.3 2.9 73 No BSL 
108-67-8 1,3,5-Trimethylbenzene  0.95 J 0.95 J SV-303-1-B 1/3 5.2 - 5.3 0.95 73 No BSL 
108-38-3/ 
106-42-3 

m,p-Xylenee 2.2 J 3.8 J SV-303-1-B 2/7 4.7 - 12 3.8 1,000 No BSL 

95-47-6 o-Xylenee 1.3 J 2 J SV-303-1-E 2/7 4.7 - 10 2 1,000 No BSL 
Total Petroleum Hydrocarbons                 
NA TPH-C6-C8 aliphaticsf 95 NJ 95 NJ SV-303-1-B 1/3 87 - 88 95 191,900 No BSL 
West of Main Roadd                 
Volatile Organic Compounds                 
71-43-2 Benzene 3.5 U 3,600 U SV-303-2-C 0/5 3.5 – 3,600 3,600 160 Yes ASL 

108-90-7 Chlorobenzene 670 J 670 J SV-303-2-D 1/5 5.1 - 5,200 670 2,200 No BSL 
67-66-3 Chloroform 3 J 3 J  SV-303-3-A 1/5 53 - 5,500 3 53 No BSL 
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CAS 
Number Chemical 

Minimum 
Detected 

Concentration 
(µg/m3)

Maximum 
Detected 

Concentration
(µg/m3)

Location of  
Maximum  

Concentrationa
Detection 

Frequency 

Range of  
Detection 

Limits 
(µg/m3)

Concentration
Used for 

Screening 
(µg/m3)

Screening
Valueb 
(µg/m3)

COPC 
Flag

Rationale  
for 

Chemical  
Deletion or  
Selectionc

100-41-4 Ethylbenzene 0.9 J 77,000 SV-303-2-D 6/9 47 - 35,000 77,000 1,100 Yes ASL 

98-82-8 Isopropylbenzene 1.8 J 94,000 SV-303-2-C 4/5 320,000 94,000 17,500 Yes ASL 

127-18-4 Tetrachloroethene 3,500 J 3,500 J SV-303-2-C 1/5 7.5 - 7,200 3,500 210 Yes ASL 

108-88-3 Toluene 58 75,000 SV-303-2-C 5/9 4.1 - 4,200 75,000 219,000 No BSL 
95-63-6 1,2,4-Trimethylbenzene  2,400 J 2,400 J SV-303-2-D 1/5 5.4 - 5,500 2,400 310 Yes ASL 

108-67-8 1,3,5-Trimethylbenzene  60 J 3,000 J SV-303-2-D 2/5 5.4 - 5,500 3,000 310 Yes ASL 

108-38-3/ 
106-42-3 

m,p-Xylenee 1.3 J 93,000 SV-303-2-D 8/9 610 - 28,000 93,000 4,400 Yes ASL 

95-47-6 o-Xylenee 3,500 J 3,500 J SV-303-2-D 1/9 4.8 - 4,900 3,500 4,400 No BSL 
Total Petroleum Hydrocarbons                 
NA Gasoline-range organics  1,100,000 100,000,000 SV-303-2-D 8/9 220 100,000,000 35,000 Yes ASL 

aA is 5 feet bgs, B is 10 feet bgs, C is 15 feet bgs, and D is 20 feet bgs. 
bScreening values are one-tenth of the Alaska Department of Environmental Conservation (ADEC) vapor intrusion guidance (ADEC 2009) Appendix F, “Target Levels for Deep Soil Gas.” 
 For petroleum compounds, screening values were calculated consistent with the methodology described in the ADEC vapor intrusion guidance (ADEC 2009). 
cRationale Codes: 

Selection Reason:  ASL - above screening level 
Deletion Reason:  BSL - below screening level 

dAs shown on Figures 1-1 and 2-3, locations east of Main Road were screened against residential screening values and locations west of Main Road were screened against commercial 
 screening values. 
eThe following surrogate chemicals were used for screening values:  

Chemical Name     Surrogate Chemical 
m,p-Xylene Xylene (total) 
Xylene Xylene (total) 

fAPH results were quantitated and reported based on the integral response within the marker compounds for respective type (aliphatic and aromatic) and number of carbons in the molecule  
(C6, C8, and C10), rather than definitive identification of individual compounds.  The reported results were qualified (NJ) for detects and (UJ) for nondetects.  All APH results are used as estimated 
values. 
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Notes: 
Chemical bolded exceeded its screening toxicity value. 
APH – air-phase petroleum hydrocarbon 
bgs - below ground surface 
CAS - Chemical Abstract Service 
COPC - chemical of potential concern 
J - estimated value 
NA - not available 
NJ - tentatively identified at an approximate concentration 
U - not detected above reporting limit 
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H = Henry's Law constant 
GWia = target groundwater screening level protective of indoor air 

Groundwater screening levels protective of indoor air for DRO and GRO are shown in Table 2-7 
and are also calculated assuming an air concentration of one-tenth ADEC target health goals. 

2.3.2 Screening Results 

This section describes the results of the screening process for each medium of concern. 

Soil 

Table 2-6 summarizes the soil screening process for Area 303.  A total of 19 chemicals were 
detected in soil.  Of these, only dibenz(a,h)anthracene had a maximum concentration slightly 
greater than its respective screening value, though it was only detected once out of 10 samples 
and had adequate SQLs (see Section 2.2.2).  In addition, the maximum detected concentration of 
dibenz(a,h)anthracene of 0.1 mg/kg only slightly exceeded its respective screening value of 0.04 
mg/kg.  Because screening levels are one-tenth of the ADEC risk-based cleanup level for 
residential exposures, the cleanup level was not exceeded.  In addition, the single detection was   
at a depth of 7.5 to 8 feet bgs, well below a depth interval that is likely to be encountered by a 
resident through direct exposure, and because dibenzo(a,h)anthracene is not considered volatile, 
the chemical is not a concern for the vapor migration pathway.  Therefore, dibenz(a,h)anthracene 
was not carried through the risk assessment, because the chemical is not present throughout the 
exposure area and the single detected concentration is too low to be considered a hot spot.  There 
is, therefore, a very low potential for the chemical to represent a residential human health risk.  
The uncertainties surrounding the elimination of this chemical as a COPC are discussed further 
in the uncertainty section.  No chemical was selected as a COPC in soil. 

Groundwater 

Table 2-7 summarizes the screening process for groundwater.  The site’s reuse designations 
differ across the site (Figure 1-1).  Thus, the groundwater data were divided for screening.  The 
sampling locations east of Main Road were screened against residential values while the 
locations west of Main Road were screened against commercial values.  The same 10 volatile 
and petroleum-related chemicals were detected in groundwater at Area 303 east and west of main 
road and were screened against their respective screening values.  Of the 10 chemicals, the same 
8 chemicals east and west of Main Road had maximum concentrations greater than their 
respective screening values and were selected as COPCs.  The eight selected chemicals are listed 
below: 
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 Benzene 
 DRO 
 Ethylbenzene 
 GRO 
 m,p-Xylene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 
 Xylenes 

With the exception of DRO and PCE, the COPCs identified in groundwater were also identified 
in soil vapor (see the following soil vapor section and Table 2-8).  DRO in groundwater is likely 
to be insufficiently volatile to represent a vapor intrusion hazard.  This conclusion is confirmed 
by the lack of detections of petroleum compounds in the DRO range in soil gas (see “Soil 
Vapor” below).  PCE and other chlorinated solvents have not been included in the analytical 
suite for groundwater, because there is no source of PCE at Area 303.  However, based on the 
detection of PCE in soil gas described below under “Soil Vapor,” PCE may be present in 
groundwater at the site.  The impacts of the lack of PCE data (or other chlorinated solvents) for 
groundwater are discussed further in Section 6.1. 

Because the groundwater-to-indoor-air exposure pathway for commercial workers was evaluated 
in the 2008 risk assessment using the 2006 groundwater data, and none of the more recent data 
called into question the results of the original risk assessment (no risks in a commercial building) 
no groundwater COPC was quantitatively evaluated in this assessment.  Rather, because the 
groundwater data set was more extensive than the soil vapor data set both spatially and 
temporally, groundwater screening results served as support and validation of the chemicals in 
soil gas selected and quantitatively evaluated for vapor intrusion. 

Soil Vapor 

Table 2-8 summarizes the screening process for soil vapor.  As for groundwater, the soil vapor 
data were divided for screening.  The sampling locations east of Main Road were screened 
against residential values, while the two locations west of Main Road were screened against 
commercial values (Figure 1-1).  East of Main Road, a total of 10 volatile and petroleum-related 
chemicals were detected in soil vapor and screened against their respective screening values.  
None of the 10 chemicals had a maximum concentration greater than its respective screening 
value, and no COPC was selected in soil vapor east of Main Road. 

West of Main Road, a total of 11 volatile and petroleum-related chemicals were detected in soil 
vapor and screened against their respective screening values. Of the 11 chemicals, 7 had 
maximum concentrations greater than their respective screening values and were selected as 



FINAL SUPPLEMENTAL RISK ASSESSMENT Section 2.0 
Area 303, Former Adak Naval Complex Revision No.:  0 
Naval Facilities Engineering Command Northwest Date:  4/28/11 
Contract No. N44255-09-D-4001 Page 2-27 
Delivery Order 0007 

U:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Final FFS Revision 1\Final FFS Report, Revision 1 to 
Client\Appendix L\Area 303 Final Supplemental Risk Assessment.docx 

COPCs.  Although benzene was not detected in soil gas west of Main Road, it was selected as a 
COPC because (1) some of its detection limits at location SV-303-2 were significantly elevated 
above the screening level, and (2) it is potentially present in soil gas, based on the groundwater 
results, and frequently a primary risk driver at GRO sites because of its toxicity.  Therefore, 
inclusion of benzene as a COPC, even though it was not detected in soil gas, is appropriate for 
this supplemental evaluation. 

The seven selected chemicals are listed below: 

 PCE 
 Benzene 
 Ethylbenzene 
 GRO 
 Isopropylbenzene 
 m,p-Xylene 
 1,2,4-Trimethylbenzene 
 1,3,5-Trimethylbenzene 

It is noted that PCE is not associated with petroleum contamination and the presence of PCE in 
soil vapor is not associated with the AVGAS pipeline.  However, PCE was selected as a COPC 
because the maximum concentration exceeded its screening value and because PCE has been 
identified as a chemical of concern in groundwater at other locations beneath the downtown 
Adak area near the site (U.S. Navy, USEPA, and ADEC 2000).  See further discussion in the 
uncertainty section (Section 6). 

While m,p-xylene was selected as an individual COPC, it was evaluated as total xylenes in the 
risk calculations. 

The most volatile chemical in DRO, naphthalene, was not detected in soil gas.  However, some 
of the deeper soil gas samples had elevated SQLs, and uncertainties surrounding naphthalene are 
further discussed in Section 6.1. 
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3.0  EXPOSURE ASSESSMENT 

This section evaluates sources, pathways, receptors, exposure duration and frequency, and routes 
of exposure to assess total human exposure to the COPCs at the site.  The goal of this section is 
to calculate the dose of chemical per body weight per day for each COPC, receptor, and exposure 
pathway combination.  Three elements are required to calculate dose.  A CSM must be 
developed first that identifies exposure pathways and populations.  Second, estimates of media 
concentrations at the exposure point must be developed, and third, factors must be selected that 
quantify the amount of exposure.  These exposure factors are then combined with the media 
concentrations to quantify a dose for each chemical. 

3.1 CONCEPTUAL SITE MODEL 

A CSM describes the sources of chemicals 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 chemicals.  This section provides a brief description of which environmental 
media have been impacted by chemical releases, a description of the site’s land uses, and a 
characterization of the exposed populations under both current and future conditions, as required 
by EPA and ADEC guidance (USEPA 1989 and ADEC 2010).  The goal of the CSM is to 
provide an understanding of where the site-related chemicals are present and where they may be 
present in the future, so that the populations that could encounter the chemicals can be identified.  
The pathways of exposure for these populations can then be selected for quantitative evaluation 
of health risks. 

3.1.1 Affected Media and Land Use 

The following media have been identified as containing detectable concentrations of chemicals 
associated with the former pipelines at Area 303: 

 Subsurface soil 
 Groundwater 
 Soil vapor 

Soil and groundwater contamination is found in and near the former pipelines.  East of Main 
Road and west of the former high school, the top of the shallow aquifer is present between 
approximately 24 and 28 feet bgs.  West of Main Road and above the bluff near the western 
boundary of Area 303, the top of the main aquifer is present at approximately 21 to 28 feet bgs.  
Near the western boundary of Area 303 below the bluff, the top of the main aquifer is 
approximately 8 to 15 feet bgs.  The main groundwater aquifer at the facility is hydrologically 
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connected to East Canal of the airport ditch system, which is adjacent to the southwest corner of 
Area 303. 

In accordance with the Record of Decision for Operable Unit A (U.S. Navy, USEPA, and ADEC 
2000), and land transfer documents, which specify institutional controls, ground water cannot be 
used as drinking water. Therefore, groundwater was not considered a drinking water source for 
the purposes of the risk assessment.  Elevated concentrations of VOCs in groundwater led to 
concerns regarding the vapor intrusion pathway.  Therefore, in 2010, soil vapor samples were 
collected from three locations across the site to determine whether subsurface contamination is 
contributing to elevated concentrations in soil vapor.  Detectable concentrations of petroleum-
related compounds were identified in soil vapor.  Elevated soil gas GRO concentrations 
measured at SV-303-2 suggest the presence of free product as a source.  As assessed by the 
fixed-gas analysis,  conditions conducive to biodegradation (and thus reduction of petroleum 
vapor levels) appear to be present east of Main Road and are likely contributing to lower levels 
of soil vapors in shallow soil in that area.  However, conditions appear to be less favorable west 
of Main Road.  Active aerobic biodegradation requires sufficient levels of oxygen and produces 
carbon dioxide.  If the contamination is high or the oxygen is not replenished, biodegradation 
will be retarded.  If the contamination is low and a barrier of clean, well-oxygenated soil is 
present between the contamination and the building, biodegradation will prevent vapor intrusion.  

ADEC guidance (ADEC 2010) requires that future land use scenarios be identified in order to 
estimate future exposures, as well as current exposures.  Currently, the land is not being used for 
any purpose.  However, according to The Aleut Corporation’s (TAC’s) reuse plans, the majority 
of the site is designated as commercial land use west of Main Road, and the area east of Main 
Road is designated as public facilities and residential land use (Figure 1-1).  Prior to the transfer 
of land from the U.S. government to TAC, the site was classified as commercial reuse by the 
Adak Reuse Corporation (ARC 2000).   The Navy and the property owner anticipates that land 
use at the site will remain as it is currently, which is undeveloped. 

3.1.2 Potentially Exposed Populations 

The pathways quantitatively evaluated in the original risk assessment are not re-evaluated in this 
supplemental assessment.  Figure 3-1 identifies the exposure pathways and populations of 
potential concern at Area 303.  Figure 3-1 also identifies which pathways were previously 
evaluated in the original risk assessment, as well as those selected for further evaluation in this 
supplemental risk assessment. 

Construction worker direct-contact exposures to soil and groundwater (including the inhalation 
of volatile compounds in soil and groundwater) were fully evaluated in the original risk 
assessment and are not re-evaluated in this assessment.  Construction worker exposures were 
quantitatively evaluated in the previous risk assessment because they were the only human  
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population that would be exposed to subsurface contamination under the current land use.  Thus, 
there is no cumulative risk concern with respect to indoor air vapor intrusion exposures, as future 
indoor workers are a different population.   However, construction worker exposures to soil 
vapor in outdoor air based on the vapor data (as opposed to the soil and groundwater data 
previously used in the inhalation evaluation) were considered semiquantitatively in the 
uncertainty section for the elevated soil vapor concentrations from location SV-303-2.  In 
addition, potential trespasser exposures to surface water and sediment in the East Canal ditch 
were also addressed in the original risk assessment and are not re-evaluated in this assessment. 

Because this supplemental risk assessment focuses on the vapor intrusion pathway, only the 
following populations were selected for further discussion: 

 Future adult on-site workers 
 Current/future adult and child residents 

Area 303 currently has no regular uses by people other than minimal crossing of a small area 
between Main Road and the GCI Compound when there is a need to enter the compound (a 
distance of some 30 to 50 feet).  However, because most of the area west of Main Road is 
designated for commercial land reuse, a commercial building could be constructed over impacted 
soil or groundwater at some point in the future.  On-site workers occupying the future building 
are a population of concern for exposure to contaminated vapors resulting from the migrating 
groundwater plume from Area 303. 

East of Main Road is the Eagle Bay Housing Area, which is adjacent to Area 303 and could at 
some point be actively occupied residential housing.  The soil gas data from the vapor sample 
from this location (SV-303-1) was used to assess a future residential population occupying the 
houses in this area.   

3.1.3 Identification of Exposure Pathways 

Several possible pathways of exposure may exist at a site.  An exposure pathway is the 
mechanism by which a receptor (human) is exposed to chemicals from a source.  The following 
four elements constitute a complete exposure pathway: 

 A source and mechanism of chemical release 
 A retention or transport medium (e.g., soil) 
 A point of potential human contact with the affected medium 
 A means of entry into the body (e.g., ingestion) at the contact point 
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Only complete pathways containing all four elements result in exposures.  However, in some 
circumstances, an exposure pathway may be considered complete (i.e., meet all four elements 
outlined above), but insignificant.  An exposure pathway is considered complete but insignificant 
if one or more of the following conditions is met (USEPA 1989): 

 The exposure resulting from the pathway is much less than that from another 
pathway involving the same medium. 

 The potential magnitude of exposure from a pathway is low or of limited 
toxicological importance. 

 The probability of the exposure occurring is very low, and the risks associated 
with the occurrence are not high. 

Only complete and significant pathways of exposure are quantitatively evaluated in the risk 
assessment.  Complete, but insignificant, pathways of exposure generally do not require 
quantitative evaluation, but will be discussed qualitatively.  Figure 3-1 identifies the complete 
pathways of exposure at the site.  Figure 3-2 presents a pictorial schematic of the complete 
pathways of exposure at the site.  The current and future exposure pathways considered for the 
characterization of the site are discussed in more detail below. 

The rationale for selecting pathways for quantitative evaluation and eliminating pathways 
considered incomplete or relatively insignificant sources of risks are discussed in the following 
subsections. 

Future Adult On-Site Workers 

As previously discussed, Area 303 currently has no regular uses by people other than minimal 
crossing of a small area between Main Road and the GCI Compound.  However, because most of 
the area west of Main Road is designated for commercial land use, a commercial building could 
be constructed over impacted soil or groundwater at some point in the future.  While the 
construction details of a future building are not known, the most likely future construction would 
be a slab-on-grade structure similar to the GCI compound building.  No buildings on Adak have 
basements.  The soil vapor data collected from locations west of Main Road, particularly location 
SV-303-2, indicate that petroleum-related VOCs are present in soil vapor at concentrations that 
could be a concern for the vapor intrusion pathway (Table 2-8).  In addition, the results of the 
groundwater screening of locations west of Main Road confirm the presence of the same COPCs 
in groundwater beneath the area of the site designated for commercial land use (Table 2-7).  
Therefore, groundwater is serving as a source of vapors to soil gas and the vapor intrusion is 
considered complete and potentially significant for future on-site workers occupying a building 
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that could be constructed west of Main Road.  This pathway is therefore quantitatively evaluated 
in this supplemental assessment. 

Current/Future Child and Adult Residents 

The portion of Area 303 east of Main Road is designated for public facilities and residential land 
use.  In addition, the Eagle Bay Housing area is located in the southeast portion of Area 303.  
Future residents of the Eagle Bay Housing area could be exposed to volatile chemicals in soil 
vapor migrating through the subsurface into the indoor air.  While the chemicals detected above 
vapor screening levels in groundwater east of Main Road indicate a potential vapor source of 
concern, no chemical was detected at SV-303-1 in concentrations exceeding soil vapor screening 
levels.  In addition, the fixed-gas data (sampling point SV-303-1), presented in Section 2, 
demonstrates that conditions favorable to biodegradation exist in this area.  Biodegradation 
causes petroleum vapors to decrease as they migrate away from the source.  Vapor intrusion can 
be entirely prevented by biodegradation if certain conditions are met (ADEC 2009).  The portion 
of Area 303 that borders the residential housing area has highly oxygenated soil (oxygen content 
in soil vapor measured greater than 10 percent), at least 5 feet of clean soil present at the surface, 
and no free product is present in the groundwater.  All of these conditions favor biodegradation 
and reduce the concentrations of vapors as they migrate through the subsurface.  It should also be 
noted that diffusion as well as biodegradation can cause petroleum vapors to decrease as they 
migrate from the source.  The vertical profile of the soil vapor results demonstrates that 
attenuation of soil vapor concentrations is occurring, as the soil vapor diffuses through the 
subsurface away from the groundwater source.  Therefore, the lack of detection of any chemical 
in the shallowest soil vapor sample indicates that vapor intrusion into residential indoor air is at 
least an insignificant pathway and may be entirely incomplete (i.e., no vapor is reaching indoor 
air, even at concentrations below a level of health concern). 

The potential presence of subsurface preferential pathways could serve as conduits for 
subsurface vapors to migrate to indoor spaces.  Thus, if preferential pathways are present, then 
the vapor intrusion pathway could be underestimated.  The former pipelines could potentially 
serve as preferential pathways for vapor migration.  However, the former pipelines are unlikely 
to be a preferential pathway into the residential area of Area 303.  See further discussion in the 
uncertainty section (Section 6.2). 

The vapor intrusion pathway is therefore not quantitatively evaluated for residential exposures.  
Exclusion of this pathway is discussed in the uncertainty section (Section 6). 
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3.2 EXPOSURE-POINT CONCENTRATIONS 

To calculate a cancer risk or a non-cancer hazard, an estimate must be made of the chemical 
concentration to which an individual may be exposed.  For this assessment, the only pathway 
selected for quantitative evaluation is the vapor intrusion pathway for future on-site building 
workers.  The soil vapor data from location SV-303-2 were used to evaluate potential COPCs for 
on-site workers occupying a future building because it contained the highest measured 
concentrations of VOCs in soil vapor west of Main Road and in close proximity to the 
commercial/industrial portion of Area 303.  It is noted that although location SV-303-3 is also 
located west of Main Road, concentrations in soil vapor measured as SV-303-2 were 
significantly higher than those measured at SV-303-3.  Thus, soil vapor data from SV-303-2 
were conservatively used to evaluate the vapor intrusion pathway for future on-site workers.  The 
entire soil vapor dataset is presented as Appendix B and summarized on Figure 2-2. 

The vapor profiling indicated that significant attenuation is occurring between the deeper soil 
vapor samples and the ground surface, as demonstrated on Figures 3-2 and 3-3.  As presented in 
Figure 3-3, the calculated attenuation factors for GRO were 0.011 for the July sampling event 
and 0.045 for the August sampling1.  In addition, the fixed-gas data indicate that subsurface 
conditions favor biodegradation, and several feet of clean soil are present between the 
groundwater source and the subsurface.  This supports the fact that shallower vapor samples are 
likely to be more representative of concentrations nearer the surface and beneath a future 
building than those measured in the deeper vapor samples above the groundwater source. 

Therefore, COPCs were evaluated using the maximum value from the 5-foot depth interval.  
Data from this depth interval are considered to best represent the concentrations beneath the slab 
of a future building.  Use of the 5-foot depth interval soil vapor data could potentially 
underestimate soil vapor concentrations under some circumstances, as discussed further in the 
uncertainty section (Section 6.2.3).  For COPCs that were not detected in the 5-foot depth 
interval, the detection limit was conservatively used to estimate air concentrations for that 
COPC.  The soil vapor exposure-point concentrations (EPCs) were used to predict indoor air 
EPCs for a future building, as described in Section 3.2.1.  Soil vapor EPCs are summarized in 
Table 3-1. 

  

                                                 
1 Meaningful site-specific attenuation factors can only be calculated if there are valid detections present at different 
depth intervals.  This condition was only met for GRO at location SV-303-02.   
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Table 3-1 
Summary of Exposure-Point Concentrations in Soil Vapor and Indoor Air 

Chemical 
Soil Vapor EPCa 

(µg/m3) 
Modeled Indoor Air EPC 

(µg/m3) 

Volatile Organic Compounds
Benzene 34 U 0.0026 
Ethylbenzene 150 J 0.011 
Isopropylbenzene 7.1 J 0.0005 
1,2,4-Trimethylbenzene 53 U 0.0036 
1,3,5-Trimethylbenzene 53 U 0.0036 
m,p-Xylene 22 J 0.0016 
PCE 73 U 0.0052 
Total Petroleum Hydrocarbon
GROb 4,100,000  
C6-C10 aliphatic 2,870,000 223 
C6-C10 aromatic 2,050,000 160 

aFrom location SV-303-2 at the 5-foot depth interval 

bADEC (2008a) default percent composition information for GRO was used to calculate the 
 aliphatic and aromatic fraction of C6 to C10 carbon fraction range.  ADEC (2008a) assumes 
 that GRO is composed of 50 percent aromatic and 70 percent aliphatic fractions. 

Notes: 
ADEC - Alaska Department of Environmental Conservation 
EPC - exposure-point concentration 
GRO - gasoline-range organics 
J- estimated value 
PCE - tetrachloroethene 
µg/m3 - microgram per cubic meter 
U - not detected above reporting limit 

3.2.1 Exposure-Point Concentrations for GRO 

GRO was selected as a COPC in soil vapor at the site.  TPH compounds are mixtures containing 
many compounds.  ADEC recommends the surrogate approach for evaluating petroleum 
compounds.  The surrogate approach involves separation of the fuel mixtures (i.e., GRO) into 
aliphatic and aromatic carbon-range fractions and the use of surrogate compounds or derived 
values to represent the toxicity of those fractions (ADEC 2008a).  Therefore, EPCs were 
calculated for each of the aromatic and aliphatic carbon-range fractions using the ADEC default 
percent composition for GRO (ADEC 2008a).  ADEC defaults assume that GRO is comprised of 
70 percent aliphatic carbon fractions and 50 percent aromatic carbon fractions.  Note that total 
composition adds up to greater than 100 percent.  ADEC recommends these percentages because  
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of the uncertainties surrounding the actual composition of petroleum products (ADEC 2008a).  
The uncertainties associated with the use of the default percent compositions are discussed in 
Section 6. 

3.2.2 Modeling of Indoor Air EPCs 

To evaluate health risks from the vapor migration pathway, an estimate of the chemical 
concentration at the point of exposure, indoor air, must be made.  The soil vapor EPCs described 
above were used to estimate indoor air concentrations for a future commercial building.  The 
following is a description of the method used to calculate indoor air concentrations from the soil 
vapor.  ADEC’s and EPA’s most recent guidance (ADEC 2009; USEPA 2002a and 2004) 
suggests using the methodology of Johnson and Ettinger (1991) to predict the intrusion rate of 
vapors into a building.  The JE Model simulates the transport of soil vapors in the subsurface by 
both diffusion and advection into indoor air.  It uses conservative assumptions that are likely to 
overestimate the amount of soil vapors that reach the indoor air of an enclosed building. 

The JE Model uses the following conservative assumptions: 

 Contaminant vapors enter buildings through the cracks and openings in the walls 
and foundation (for the nearest building to the vapor plume, slab-on-grade 
construction is assumed). 

 Vapor-phase diffusion is the dominant mechanism for transporting vapors 
between the source and the building zone of influence (convection is the dominant 
mechanism directly beneath the building, the building “zone”). 

 All contaminant vapors originating from directly below the floor will enter the 
building, unless the floors and walls serve as perfect barriers. 

 The chemicals are distributed evenly under the entire building and extend beyond 
the building. 

 The model predicts an air concentration inside the building when the chemical 
concentration in the affected media and facility-specific information is entered 
into the model. 

Appendix C contains the input parameters and model printouts.  Model inputs are also 
summarized in Table 3-2. 



FINAL SUPPLEMENTAL RISK ASSESSMENT Section 3.0 
Area 303, Former Adak Naval Complex Revision No.:  0 
Naval Facilities Engineering Command Northwest Date:  4/28/11 
Contract No. N44255-09-D-4001 Page 3-14 
Delivery Order 0007 

U:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Final FFS Revision 1\Final FFS Report, Revision 1 to Client\Appendix L\Area 303 Final Supplemental Risk 
Assessment.docx 

Table 3-2 
Input Parameters Used in the Johnson and Ettinger Model for Soil Vapor to Indoor Air for On-Site Building 

Input Parameter (Unit) Value Source 
Initial soil vapor concentration (µg/m3) Chemical specific Concentration of each chemical of potential concern measured at location 

SV-303-2 at the 5-foot depth interval (see Table 3-1 for specific values) 
Depth below grade to bottom of enclosed floor 
(cm) 

15 Default value for slab-on-grade construction   

Soil vapor sampling depth (cm) 152.4 Soil vapor samples collected at the 5-foot depth interval were used in the model. 
Thickness of soil Stratum A (cm) 152.4 Value is equal to the soil vapor sampling depth. 

Soil type  Sand Site-specific value based on soil boring logs:  fine-grained sand 
Dry bulk density (g/cm3) 1.36 Site-specific value measured in soil (Table 2-4) 
Total soil porosity (unitless) 0.493 Site-specific value measured in soil (Table 2-4) 
Soil water-filled porosity (cm3/cm3) 0.136 Site-specific value measured in soil (Table 2-4) 

Floor-wall seam gap (cm) 0.1 EPA default value (USEPA 2004) 
Building air exchange rate (hr-1) 2 Default value for commercial properties (MDEQ 1998) 
Soil-building pressure differential (g/cm-s2) 40 EPA default value (USEPA 2004) 
Average vapor flow rate into building (L/min) Model-calculated value EPA default value (USEPA 2004)a

Enclosed space floor thickness (cm) 10 EPA default value (USEPA 2004) 
Enclosed space floor length (cm) 5,791 The dimensions of the interior space were assumed to be similar to Building T-

2776 in the northern portion of Area 303.   Enclosed space floor width (cm) 1,981 
Enclosed space height (cm) 488 

aThe JE Model user has the option of using the JE Model default value of 5 L/min for the vapor flow rate, or leaving the value blank and letting the model 
 calculate a vapor flow rate based on the site-specific inputs.  The JE Model recommends the default value of 5 L/min for residential properties.  For large 
 structures, the model calculated flow rate into building is the most conservative approach.  Thus, for this assessment, the model calculated value was used 
 because the assumed structure is large. 

Notes: 
cm - centimeter 
cm3 - cubic centimeter 
EPA - U.S. Environmental Protection Agency 
g/cm3 - gram per cubic meter 

g/cm-s2 - gram per centimeter per second squared 
hr - hour 
L/min - liter per minute 
µg/m3 - microgram per cubic meter
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The site-specific information entered into the advanced soil vapor model includes the following: 

 Soil vapor sampling depth.  Soil vapor samples collected at the 5-foot-depth 
interval were used to model indoor air concentrations as the most representative 
of vapors potentially entering a structure (see Section 3.2 for more detail).  
Therefore, the sampling depth of 5 feet, or 152.4 cm, was used. 

 Dimensions of interior space.  No building construction plan currently exists for 
Area 303.  Therefore, the dimensions of the interior space are unknown.  For this 
assessment, it was assumed that a building of similar size and construction to 
Building T-2776 in the northern portion of the site could be constructed anywhere 
within the commercial reuse area of Area 303.  The dimensions used in the model 
were 5,791 cm (floor length) by 1,981 cm (floor width) by 488 cm (space height).  
Slab-on-grade construction was also assumed.  The uncertainties associated with 
these parameters are discussed in Section 6.2.4. 

 Air changes per hour.  The JE Model default air exchange rate for residential 
buildings is 0.25 per hour.  However, commercial and industrial buildings 
typically have heating, ventilation, and air conditioning (HVAC) systems that 
increase the air exchange rates.  An air exchange rate of 2 per hour was used in 
this evaluation, consistent with commercial properties (MDEQ 1998). 

 Vadose zone characteristics.  The JE Model can accommodate up to three 
different soil strata beneath a site.  However, the available boring logs and site-
specific soil properties data indicate that the primary geology at the site consists 
of fine-grained sand.  Thus, only one soil strata was identified.  The site-specific 
physical properties data of the soil strata (bulk density, total porosity, and water-
filled porosity) presented in Section 2 were used in the model.  These values are 
also summarized in Table 3-2. 

 Qsoil, the average vapor flow rate into a building.  The JE Model default Qsoil 
value of 5 L/min is an empirically based estimate specific to a small, residential-
sized building (USEPA 2004).  For larger buildings, this value becomes less and 
less conservative.  Therefore, for the hypothetical building evaluated in this 
assessment, which consists of larger interior space, this value was left blank for 
the model to calculate the Qsoil value. 
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All other parameters used in the model for this assessment were model defaults and chemical-
specific physical parameter information.  Chemical-specific information such as diffusivity in 
air, diffusivity in water, enthalpy of vaporization, and other parameters were used to predict 
chemical movement. 

3.3 CALCULATION OF CHEMICAL DOSE 

This section defines the magnitude, frequency, and duration of exposure for the populations and 
pathways selected for quantitative evaluation.  Doses were calculated assuming reasonable 
maximum exposure (RME) as defined by EPA.  Cleanup actions are generally determined from 
RME risks and hazards.  Central tendency risks/hazards were not calculated, because it is not 
necessary information for the assessment. 

The formulas and exposure factors that were used and the EPCs to quantify dose for the 
complete pathways at the site are presented in Table 3-3, which also lists the sources of the 
factors.  ADEC’s and EPA’s default exposure factors (ADEC 2010 and USEPA 1991) for adult 
occupational exposures were used in this assessment.  No site-specific exposure factor was used 
in the evaluation of commercial worker exposures to soil vapor migrating to indoor air. 

Table 3-3 
On-Site Worker Exposures to Indoor Air—Exposure Assumptions and Intake Equations 

Equations:    
 Chemical intake (µg/m3) = CA * SIF   
     
 SIFinh = ET • EF • ED  
                     AT  
Where:     
 SIFinh  (unitless) = summary intake factor for inhalation of indoor air 

Parameter Definition Value Unit Source 

CA Chemical concentration in 
indoor air 

Chemical specific µg/m3 Modeled from soil vapor 
analytical data 

EF Exposure frequency 250 Days/year Default value (USEPA 1991) 
ED Exposure duration 25 Years Default value (USEPA 1991) 
ET Exposure time 8 Hours/day Default value (USEPA 1991) 
ATnc Averaging time 

(noncarcinogen) 
ED x 365 
days/year x 24 
hours 

Hours Default value (USEPA 2009) 

ATca Averaging time (carcinogen) 25,550 x 24 hours Hours Default value (USEPA 2009) 

Note: µg/m3 - microgram per cubic meter 
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4.0  TOXICITY ASSESSMENT 

The purpose of the toxicity assessment is to weigh the available and relevant evidence regarding 
the potential for chemicals to cause adverse health effects in exposed individuals and to provide 
a quantitative estimate of the relationship between the magnitude of exposure and the likelihood 
of adverse effects (USEPA 1989).  A fundamental principle of toxicology is that the dose 
determines the severity of the effect.  Accordingly, the toxicity criteria describe the quantitative 
relationship between the dose of a chemical and the type and incidence of the toxic effect.  This 
relationship is referred to as the dose response.  From this quantitative dose-response 
relationship, toxicity criteria are derived that can be used to estimate the potential for adverse 
health effects as a function of exposure to the chemical.  Toxicity values are combined with the 
summary intake factors listed in Tables 4-1 and 4-2 and are used to calculate health risks and 
hazards for various exposure scenarios. 

Table 4-1 
Carcinogenic Toxicity Criteria for the Chemicals of Potential Concern 

Chemical 

Inhalation 
Unit Risk 
(µg/m3)-1 Cancer/Tumor Type 

EPA Cancer 
Classification Reference 

Tetrachloroethene 5.9 x 10-6 Liver tumors (male mice) Under reassessment by 
EPA 

Cal/EPA 2010b 

Benzene 7.8 x 10-6 Leukemia (human) Carcinogenic to humansa IRIS 

Ethylbenzene 2.5 x 10-6 Kidney tumors (male) Under reassessment by 
EPA 

Cal/EPA 2010b 

aFormerly Group A – human carcinogen (sufficient evidence in humans) (USEPA 2005) 
bValue is in EPA’s RSL table (USEPA 2010b) 

Notes: 
EPA - U.S. Environmental Protection Agency 
IRIS - Integrated Risk Information System (online database) (USEPA 2010a) 
µg/m3 - microgram per cubic meter 
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Table 4-2 
Noncancer Toxicity Criteria for the Chemicals of Potential Concern 

Chemical 
RfCa 

(mg/m3) Toxic Endpoint Critical Study 
Confidence 

Rating UFb 
RfC 

Source 
Benzene 0.03 Decreased lymphocyte 

count 
Human 
occupational 

Medium 300 IRIS 

Ethylbenzene 1 Developmental 
toxicity 

Rat and rabbit 
developmental  

Low 300 IRIS 

Isopropylbenzene 
(Cumene) 

0.4 Increased kidney 
weights in female rats 
and adrenal weights in 
male and female rats 

Rat inhalation Medium 1,000 IRIS 

Tetrachloroethene 0.27 Neurological 
(prolonged reaction 
times) 

Human 
occupational 

Not 
provided 

NA ATSDRe

1,2,4-Trimethylbenzene 0.007 Central nervous 
system symptoms 

Subchronic human 
occupational 

Low 3,000 USEPA 
2010bc 

1,3,5-Trimethylbenzene Noned -- -- -- -- -- 

Xylenes 0.1 Impaired motor 
coordination 

Subchronic 
inhalation study in 
male rats 

Medium 300 IRIS 

Gasoline-range organics  
aliphatics 

18 Neurotoxicity Not provided Not 
provided 

NA ADEC 2008a 

Gasoline-range organics 
aromatics 

0.4 Hepatotoxicity and 
nephrotoxicity 

Not provided Not 
provided 

NA ADEC 2008a 

aInhalation exposure 
bEPA indicates that there are generally five areas of uncertainty where an application of a UF may be warranted: 

1.  Variation between species (applied when extrapolating from animal to human) 
2.  Variation within species (applied to account for differences in human response and sensitive subpopulations) 
3.  Use of a subchronic study to evaluate chronic exposure 
4.  Use of a LOAEL, rather than a NOAEL 
5.  Deficiencies in the data base 

cEPA’s Regional Screening Level table (USEPA 2010b) lists the source of this criterion as EPA's provisional 
 peer-reviewed toxicity value database. 
dNo inhalation toxicity criterion is available for 1,3,5-trimethylbezene.  Risk calculations use the RfC for  
 1,2,4-trimethylbenzene as a surrogate. 
eValue is in EPA’s RSL table (USEPA 2010b) 

Notes: 
ATSDR - Agency for Toxic Substances and Disease Registry 
IRIS - EPA’s Integrated Risk Information System (online database) (USEPA 2010a) 
LOAEL - lowest observed adverse effect level 
NOAEL - no observed adverse effect level 
Rfc - reference concentration 
UF - uncertainty factor 
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In accordance with ADEC (2010) guidance, toxicity criteria are preferentially selected from 
EPA’s online database, the Integrated Risk Information System (IRIS) (USEPA 2010a).  Where 
IRIS criteria were not available, other EPA sources of toxicity criteria were investigated.  The 
hierarchy used to select toxicity criteria is as follows: 

1. EPA’s IRIS database 

2. EPA’s Provisional Peer-Reviewed Toxicity Values (as presented in the Regional 
Screening Level [RSL] table [USEPA 2010b])2 

3. Agency for Toxicological Substances and Disease Registry (ATSDR) minimal risk 
levels 

4. California Environmental Protection Agency toxicity values 

5. Health Effects Assessment Summary Table (HEAST) 

6. Other peer-reviewed documents 

There were two primary sources for this assessment:  IRIS (USEPA 2010a) and EPA’s RSL 
table (USEPA 2010b).  For the petroleum fractions, the toxicity criteria recommended by ADEC 
were used (ADEC 2008a).  Tables 4-1 and 4-2 cite the primary sources of the toxicity criteria.  
Appendix D contains discussions of the specific criteria and associated health effects for each 
COPC. 

Exposure to chemicals can result in cancer or noncancer effects.  The methodology used to 
derive toxicity criteria for measuring the dose-response relationship differs depending on 
whether the adverse effect is a cancer or noncancer toxicological effect.  Additional details on 
how cancer and noncancer toxicity criteria are derived are described in the following sections. 

4.1 CANCER TOXICITY CRITERIA 

The cancer slope factor (SF) (expressed as [mg/kg-day]-1 for the oral route of exposure and as a 
unit risk in [µg/m3]-1 for inhalation exposures) expresses excess cancer risk as a function of dose.  
The dose-response model is based on high- to low-dose extrapolation and assumes that there is 
no lower threshold for the initiation of toxic effects.  Specifically, cancer effects observed at high 
doses in laboratory animals or from occupational or epidemiological studies are extrapolated, 

                                                 
2Non-EPA personnel do not have access to the documentation files for PPRTV values.  Thus, the RSL table is listed 
as the source of the PPRTV values in the absence of the original documentation. 
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using mathematical models, to low doses common to environmental exposures.  These models 
are essentially linear at low doses, such that no dose is without some risk of cancer.  The cancer 
SFs for each of the COPCs are presented in Table 4-1. 

EPA’s approach to cancer risk assessment is evolving as new scientific information becomes 
available on the mechanisms of carcinogenesis and the increase in understanding of specific 
modes of action at the cellular level that result in a carcinogenic response.  Therefore, EPA will 
be changing the default selection of linear models where no dose is without some risk of cancer 
for chemicals where there is evidence that the default is not appropriate.  In addition, EPA’s 
early assignment of letter designations to carcinogens based on the strength of the evidence for 
carcinogenicity has been updated to include more of a narrative approach to the available 
evidence.  However, the letter designations are still included in EPA’s IRIS database and are 
therefore included on Table 4-1 where available.  EPA’s latest cancer guidelines, finalized in 
March of 2005 (USEPA 2005), include the following as reported on their cancer website 
(http://cfpub.epa.gov/ncea/cfm/recordisplay.cfm?deid=116283): 

 Analysis of available information, invoking defaults if needed to address 
uncertainty or the absence of critical information 

 An emphasis on key events and processes, starting with the interaction of an agent 
with a cell through functional and anatomical changes, that may result in adverse 
health consequences ("modes of action") 

 The consideration of certain subpopulations, childhood and other life stages, that 
may be associated with higher susceptibilities to risk 

 Summaries of the full range of available evidence and descriptions of any 
conditions associated with conclusions about an agent's hazard potential 

The above issues are addressed in the newer narrative approach to assessment of carcinogenicity 
provided in the IRIS files.  Narrative information on mode of action and susceptible 
subpopulations is provided in Appendix D if such information is available in the IRIS files.  
Cancer information has not been updated in IRIS for all chemicals. 

The criteria used in the risk calculations are provided in Table 4-1, and the rationale behind 
cancer toxicity criteria selection is included in Appendix D.  More than one cancer toxicity 
criterion is available for one of the carcinogenic COPCs shown on Table 4-1, benzene.  
Additional discussion of the benzene toxicity criteria is provided in the uncertainty section. 
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4.2 NONCANCER TOXICITY CRITERIA 

Unlike cancer toxicity criteria where all doses are assumed to have some potential effect, 
noncancer criteria are calculated assuming a threshold (i.e., some dose level that is without an 
adverse health effect).  Noncancer toxicity criteria are referred to as reference doses (RfDs) or 
reference concentrations (RfCs).  Chronic RfDs and RfCs are defined as an estimate of a daily 
exposure level for the human population, including sensitive subpopulations, that is likely to be 
without appreciable risk of noncancer effects during a lifetime of exposure (USEPA 1989).  
Chronic RfD/RfCs are specifically developed to be protective for long-term exposure to a 
chemical and are generally used to evaluate the potential noncancer effects associated with 
exposure periods of 7 years to a lifetime.  RfDs are expressed as mg/kg-day and are calculated 
using lifetime average body weight and intake assumptions.  RfCs are expressed in mg/m3.  The 
noncancer toxicity criteria are presented in Table 4-2. 

RfD/RfC values are derived from experimental data on the no observed adverse effect level 
(NOAEL) or lowest observed adverse effect level (LOAEL) in animals or humans.  The NOAEL 
is the highest tested chemical dose given to animals or humans that has not been associated with 
any adverse health effect.  The LOAEL is the lowest chemical dose at which health effects have 
been reported.  RfDs/RfCs are calculated by dividing the NOAEL or LOAEL by a total 
uncertainty factor, which represents a combination of individual factors for various sources of 
uncertainty associated with the database for a particular chemical, or with the extrapolation of 
animal data to humans.  IRIS also assigns a level of confidence in the RfD.  The level of 
confidence is rated as either high, medium, or low based on confidence in the study and the 
database.  RfDs for subchronic, rather than chronic, exposures have been developed for some 
chemicals. 
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5.0  RISK CHARACTERIZATION 

Risk characterization is the summarizing step of risk assessment.  In the risk characterization, the 
toxicity values (RfDs and SFs) are applied in conjunction with the concentrations of COPCs and 
summary intake assumptions to estimate cancer risks and health hazards other than cancer.  This 
section describes the methods that were used to calculate risks and hazards and the target health 
goals that were used to evaluate the results of the risk calculations for the site. 

5.1 METHODOLOGY FOR EVALUATING NONCANCER HAZARDS 

The potential for adverse health effects other than cancer (noncancer effects) will be 
characterized by dividing estimated chemical intakes by the chemical-specific RfC.  The 
resulting ratio is the hazard quotient (HQ), derived as follows for inhalation exposures: 

)3(mg/m RfC

)3(mg/m Intake ChemicalHQ   

EPA and ADEC risk assessment guidelines (USEPA 1989 and ADEC 2008b and 2010) consider 
the additive effects associated with simultaneous exposure to several chemicals by specifying 
that all HQs initially be summed across exposure pathways and chemicals to estimate the total 
hazard index (HI).  An HI was calculated separately for each scenario and for each exposed 
population.  This summation conservatively assumes that the toxic effects of all chemicals would 
be additive, or, in other words, that all chemicals cause the same toxic effect and act by the same 
mechanism.  Per ADEC guidance (ADEC 2008b), hazard results for GRO, DRO, and residual-
range organics were not summed with the other chemicals, but presented as individual hazards in 
the cumulative risk calculations. 

If the total HI was less than or equal to 1, multiple-pathway exposures to COPCs at the site were 
considered unlikely to result in an adverse effect.  If the total HI was greater than 1, further 
evaluation of exposure assumptions and toxicity, including consideration of specific affected 
target organs and the mechanisms of toxic actions of COPCs, was conducted to ascertain 
whether the cumulative exposure would in fact be likely to harm exposed individuals. 

5.2 METHODOLOGY FOR EVALUATING CANCER RISKS 

The potential for carcinogenic effects was evaluated by estimating the probability of developing 
cancer over a lifetime based on exposure assumptions and chemical-specific toxicity criteria.  
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The increased likelihood of cancer as a result of exposure to a particular chemical is defined as 
the excess cancer risk (i.e., in excess of a background cancer risk of one chance in three [0.3, or 
3 x 10-1] for every American female and one chance in two [0.5, or 5 x 10-1] for every American 
male of eventually developing cancer [ACS 2001]).  Excess lifetime cancer risk was estimated 
by multiplying the estimated chemical intake by the cancer IUR, as follows: 

Cancer Risk = Chemical Intake (µg/m3) x IUR (µg/m3)-1 

This formula applies to cancer risks lower than 1 x 10-2 (1 in 100).  All cancer risks in this 
assessment were lower than 1 x 10-2. 

The risks resulting from exposure to multiple carcinogens were assumed to be additive.  The 
total cancer risk was estimated by summing the estimated risks for each COPC and for each 
exposure pathway.  ADEC’s target acceptable excess cancer risk is 1 x 10-5, although, under 
certain site conditions, the State may allow a risk level as high as the upper end of EPA’s target 
risk range (10-4) (ADEC 2008b and 2010). 

All final risk and hazard estimates are presented to one significant figure only, as recommended 
by EPA (USEPA 1989 and ADEC 2010).  Therefore, an HI of 1 could range between 0.95 and 
1.4, and a total cancer risk of 2 x 10-5 could range between 1.5 x 10-5 and 2.4 x 10-5.  Individual 
HQs and chemical cancer risks are presented to two significant figures, as per ADEC (2010).  
Details of the calculations with risks and hazards presented to two significant figures can be 
found in Appendix E.  As per ADEC guidance (ADEC 2008b), the cumulative cancer risks and 
noncancer hazards for the non-TPH compounds were considered separately from the noncancer 
hazards for the TPH compounds.  ADEC target health goals for cancer chemicals are no more 
than a 1 x 10-5 chance of developing cancer, and target health goals for noncancer chemicals are 
a hazard quotient of 1. 

5.2.1 Future On-Site Worker Cancer Risks and Noncancer Hazards 

The results of the risk characterization for future on-site workers are summarized in Table 5-1.  
As per ADEC guidance (ADEC 2008b and 2010), the cumulative cancer risks and noncancer 
hazards for the non-TPH compounds were considered separately from the noncancer hazards for 
the TPH compounds.  Target health goals were not exceeded for future on-site worker exposures 
to soil vapors of indoor air for both non-TPH and TPH compounds.  Non-TPH noncancer 
hazards were 0.0003 (which is below the target health goal of 1), and non-TPH cancer risks were 
calculated at 4 x 10-9 (which is below the target cancer risk level of 1 x 10-5).  In general, 1,2,4-
trimethylbenzene and 1,3,5-trimethylbenzene in soil vapor were the greatest contributors to 
inhalation risks for the non-TPH total risks.  However, neither of these chemicals was detected in 
the 5-foot soil vapor depth interval and the hazards were calculated assuming the concentration 
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in soil vapor was equal to the SQL, which likely overestimates the actual hazards associated with 
these chemicals.  The individual noncancer hazards for TPH compounds were also well below 
the target health goal of 1, with hazards of 0.003 and 0.09 for C6 to C10 aliphatic and C6 to C10 
aromatic, respectively.  The C6 to C10 aromatic fraction in soil vapor is the greatest contributor to 
inhalation risks for the commercial indoor air scenario. 

The results of vapor intrusion evaluation for workers indicate that concentrations of COPCs in 
soil vapors beneath the commercial reuse area of the facility are unlikely to represent a health 
concern for workers. 

Table 5-1 
Summary of Risks and Hazards for Future On-Site Worker Exposures 

to Soil Vapor From Indoor Air 

Chemical 

Soil Vapor Total 

Hazard Index Cancer Risk 

Non-Total Petroleum Hydrocarbons 

Benzene 0.000020 1.6 x 10-9 
Ethylbenzene 0.0000025 2.2 x 10-9 
Isopropylbenzene 0.00000028 (a)
m,p-Xylene 0.0000037 (a)
1,2,4-Trimethylbenzene 0.00012 (a) 
1,3,5-Trimethylbenzene 0.00012 (a) 
Tetrachloroethene 0.0000044 2.5 x 10-9

 Total 0.0003 4 x 10-9

Total Petroleum Hydrocarbons 

C6–C10 aliphatic 0.0028 (a)
C6–C10 aromatic 0.091 (a)

aChemical not associated with carcinogenic effects. 
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6.0  UNCERTAINTIES IN RISK ASSESSMENT 

The purpose of the uncertainty section is to describe, in a qualitative way, where there are major 
uncertainties in the risk assessment process that could affect the conclusions of the risk 
assessment.  Estimating and evaluating health risk from exposure to environmental chemicals is 
a complex process with inherent uncertainties.  Uncertainty reflects limitations in knowledge, 
and simplifying assumptions must be made in order to quantify health risks. 

The section is organized according to uncertainties relating to (1) the data and selection of 
COPCs, (2) the assumptions about exposure, (3) the assumptions about toxicity, and (4) the 
characterization of health risks. 

There are uncertainties regarding the quantification of health risks in terms of a number of 
assumptions about both exposure and toxicity, including both site-specific and general 
uncertainties.  Based on anticipation of uncertainty when quantifying exposure and toxicity, the 
health risks and hazards presented in this risk assessment are more likely to indicate that 
chemicals are exceeding target risk goals, although health risks may actually be negligible.  Risk 
assessment methodology is less likely to indicate that chemicals are not a health risk when they 
actually are.  This process is necessary to ensure the protection of public health and the 
environment. 

Uncertainty in the risk assessment produces the potential for two kinds of errors.  The first 
potential, or Type I, error is the identification of a specific chemical, area, or activity as a health 
concern when, in fact, it is not a concern (false positive conclusion).  The second potential, or 
Type II, error is the elimination of a chemical, area, or activity from further consideration when, 
in fact, there should be a concern (false negative conclusion).  In the risk assessment, 
uncertainties were handled conservatively (i.e., health-protective choices were preferentially 
made).  This strategy is more likely to produce false positive errors than false negative errors. 

The following sections provide additional detail regarding uncertainties in the estimations of 
health risks. 

6.1 DATA COLLECTION AND EVALUATION 

The data evaluation process addresses whether (1) chemicals are potentially present in various 
environmental media at levels of health concern, (2) site concentrations are different from 
background, and (3) sufficient samples have been collected to fully characterize each exposure 
pathway. 



FINAL SUPPLEMENTAL RISK ASSESSMENT Section 6.0 
Area 303, Former Adak Naval Complex Revision No.:  0 
Naval Facilities Engineering Command Northwest Date:  4/28/11 
Contract No. N44255-09-D-4001 Page 6-2 
Delivery Order 0007 

U:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Final FFS Revision 1\Final FFS Report, Revision 1 to 
Client\Appendix L\Area 303 Final Supplemental Risk Assessment.docx 

6.1.1 Groundwater Data 

Relatively extensive, recent, groundwater data define the nature and extent of the petroleum-
impacted groundwater at the site.  Therefore, the uncertainties related to the groundwater are 
relatively low.  Recent groundwater data are available from 53 wells across the entire site from 
2006 through 2009.  Historical groundwater sampling identified the presence of a perched 
groundwater aquifer in the northern portion of the site.  The 2006 field investigation at Area 303 
concluded that the extent of perched groundwater was limited to only two areas near MRP-MW3 
and 03-708 (Figure 2-1).  Based on the 2010 drilling effort to install soil vapor probes near SV-
303-3, the extent of the intermittent perched groundwater covers a significantly larger area than 
previously thought.  It is possible that the perched groundwater zone could contain higher 
concentrations than the main aquifer groundwater in these portions of the site, because the 
perched zone (although limited in areal extent) may be directly under the pipeline near the 
northeast portion of the site.  Therefore, the lack of recent perched groundwater is a potential 
area of uncertainty. 

The available groundwater data were screened against ADEC screening levels protective of 
indoor air to select COPCs.  Wells east of Main Road and bordering the residential reuse area 
were screened against residential screening values.  Wells west of Main Road and within the 
commercial reuse area were screened against commercial/industrial screening values.  All 
chemicals that exceeded a screening value were identified as COPCs. 

PCE was not a chemical of concern at Area 303, because there was no known source of 
chlorinated solvents at the site.  Area 303 was evaluated for petroleum constituents only, based 
on the leaking subsurface fuel lines.  There have been a few detections of chlorinated VOCs in 
groundwater samples collected throughout the downtown area over the past two decades, and 
remaining concentrations appear to be declining (U.S. Navy 2011).  PCE in downtown 
groundwater was identified as a chemical of concern in the Record of Decision for Adak (U.S. 
Navy, USEPA and ADEC 2000).  Therefore, there were at least some historical sources of PCE 
in areas of Adak not too distant from Area 303, although nothing appears to have been 
immediately adjacent to or upgradient of Area 303.  While the PCE soil vapor data did not 
identify a health risk for the vapor intrusion pathway, the lack of chlorinated solvent data from 
groundwater appears to represent a data gap that should be filled in order to provide a more 
complete picture of the source of the PCE in the single soil vapor sample where it was detected, 
SV-303-2-C (15 feet bgs depth interval). 

6.1.2 Soil Data 

Human health exposures typically only occur to the top 15 feet of soil.  Thus, only data collected 
to a depth of 15 feet bgs were included in this assessment.  Data from the 2006 sampling 
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investigation are available from nine sampling locations.  These data were included in this 
assessment and were considered the most representative of current concentrations in soil at the 
site.  It is noted that the historical data collected between 1992 and 1998 were included in the 
original risk assessment and used to evaluate construction worker exposures.  The older soil 
sampling investigations typically targeted locations with visible signs of contamination and were 
preferentially sampled.  Thus, inclusion of the historical data likely biased EPCs high.  No risk 
was identified for construction worker exposures to soil in the original risk assessment. 

No analytical data is available for surface soil samples from Area 303.  However, as discussed in 
Section 3, surface samples collected in 2006 were screened for petroleum compounds in the 
field, and surface soil was determined not to be impacted by site contamination.  Therefore, 
collection of surface soil samples was considered unnecessary.  Because surface soil has not 
been impacted, the lack of surface soil data does not represent a data gap in the risk assessment. 

The data selected for use in this risk assessment were screened against ADEC residential 
screening levels to determine whether concentrations of chemicals were present in soil that could 
be a potential concern for residential exposures.  No chemical was selected as a COPC in soil.  
Only one chemical, dibenzo(a,h)anthracene, was detected in one sample at a concentration that 
slightly exceeded its respective screening value (by a factor of 2.5).  However, this isolated 
exceedance of dibenzo(a,h)anthracene in subsurface soil occurred at location MW-303-35 at 7.5 
to 8 feet bgs on the west side of Main Road and a substantial distance from the Eagle Bay 
Housing area.  Direct exposure to soils deeper than a couple of feet bgs by residential receptors is 
highly unlikely.  In addition, dibenzo(a,h)anthracene is not considered a volatile chemical, and 
inhalation exposures to dibenzo(a,h)anthracene at 7.5 to 8 feet bgs is also highly unlikely.  Thus, 
dibenzo(a,h)anthracene is unlikely to be present in soil at concentrations that warrant a health 
concern for residential populations and was not identified as COPC in soil. 

6.1.3 Soil Vapor Data 

The complete soil vapor dataset is included as Appendix B.  Soil vapor data were collected from 
three locations at 4-foot depth intervals at each location, with the exception of SV-303-3.  At SV-
303-3, data were only collected at the 5-foot depth interval, because shallow groundwater was 
encountered at the deeper depth intervals.  These locations were preferentially selected based on 
the available soil and groundwater data and the known extent of the VOC plume.  Locations 
were selected based on the maximum benzene and GRO concentrations in groundwater and are 
likely to represent the highest soil vapor concentrations beneath the site.  Thus, use of these data 
in this supplemental assessment is expected to overestimate the actual soil vapor concentrations 
beneath the majority of the site. 
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At location SV-303-2, concentrations of petroleum-related chemicals were significantly elevated, 
particularly in the deeper samples.  As a result, dilution of the sample was required, which 
resulted in elevated detection limits for the EPA Method TO-15 analysis.  This approach results 
in a high bias for the reporting limits used in the risk analyses.  The use of the reporting limits as 
a surrogate concentration for the nondetected compounds resulted in a more conservative 
evaluation of the vapor intrusion pathway.  As discussed in Section 2, SV-303-2 was resampled 
and analyzed by EPA Method TO-3 in an attempt to achieve better detection limits for the BTEX 
compounds.  While benzene was not detected using Method TO-15 analysis (SQL is 34 µg/m3), 
it was detected in significant amounts using Method TO-3 analysis (180,000 µg/m3 at the 5-foot 
depth interval).  However, the TO-3 results for benzene appear to be influenced by 2-
methylbutanol, a “tentatively identified compound” (TIC).  The likely interference of this TIC in 
the analysis rendered the TO-3 results for benzene as being confounded with another co-eluting 
chemical and, therefore, inconclusive (see Soil Vapor Analytical Results in Appendix A for 
detailed discussion). 

As a result, Method TO-3 data for benzene were excluded from the risk assessment.  The Method 
TO-15 results were retained for benzene at SV-303-2, which were all non-detected results with 
elevated detection limits.  The TO-15 analysis method is considered more appropriate for 
benzene and would certainly have identified benzene as detected, if present, particularly at the 
high concentrations identified in the TO-3 analysis.  However, if benzene were actually present 
in the soil gas at 180,000 µg/m3, it would not represent a health risk in excess of ADEC goals, 
based on the attenuation factor between soil gas and indoor air estimated using the JE Model.  
The calculated attenuation factor is obtained by dividing the predicted indoor air concentration of 
benzene (Table 3-1) by the soil gas concentration.  For this site, benzene’s attenuation factor is 
approximately 8 x 10-5, suggesting a reduction in concentration between soil gas and indoor air 
of this amount.  Using the site-specific attenuation factor, if the soil gas concentration is 180,000 
µg/m3, the predicted indoor air concentration in the commercial building is approximately 
14 µg/m3.  This is below the commercial indoor air screening level of 16 µg/m3.  Therefore, 
while there may be some uncertainty as to the actual concentrations of benzene in soil vapor at 
this location, concentrations are almost certainly below the TO-15 SQL of 34 µg/m3.  Even if 
concentrations are higher as indicated by the TO-3 analysis, benzene concentrations would not 
represent a health risk for future building workers. 

PCE was selected as a COPC in soil vapor because its single detected value of 3,500 µg/m3 
exceeded the screening level of 210 µg/m3 at location SV-303-2-C.  The method reporting limits 
for the “B” and “D” depth intervals at location 303-2 exceeded the screening level at 
concentrations of 360 and 7,200 µg/m3, respectively.  Therefore, PCE might also be present in 
soil gas above screening levels at 10 feet bgs (“B” depth) and 20 feet bgs (“D” depth) at this 
location.  However, PCE was not detected in the shallowest soil vapor samples collected at any 
of the three vapor locations, and SQLs at the 5-foot-depth intervals meet risk assessment 
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requirements (i.e., are below screening levels).  Thus, concentrations of PCE in soil vapor are not 
present at the 5-foot-depth interval at concentrations that exceed screening values protective of 
the vapor intrusion pathway and, therefore, do not represent a health risk for the vapor intrusion 
pathway. 

Daughter products of PCE (trichloroethene, various dichloroethenes, and vinyl chloride) were 
not detected in any vapor sample.  However, there were some elevated detection limits in the 
deeper vapor samples at SV-303-2 for some of the daughter products, but not at the other 
locations and not in the 5-foot-depth interval samples most representative of what concentrations 
might be reaching homes (see further discussion in Section 6.1.5). 

6.1.4 SQLs for Detected and Nondetected Chemicals 

The SQLs for soil and groundwater were all below their respective screening values and met the 
needs of the risk assessment.  Therefore, this discussion is limited to the SQLs for soil vapor.  As 
indicated in Section 2, SQLs for detected chemicals in soil vapor exceeded screening values in 
some cases.  For detected chemicals in soil vapor, all chemicals on Table 2-5 were selected as 
COPCs and were thus included in the exposure and risk calculations, with the exception of 
chloroform.  Therefore, while there is uncertainty regarding the actual exposure concentrations 
of the majority of the chemicals on Table 2-5, this uncertainty is unlikely to affect the 
conclusions of the risk assessment.  Chloroform is not associated with petroleum contamination, 
and its presence in soil vapor is unlikely to be associated with the AVGAS pipeline source at 
Area 303.  The detected concentrations of chloroform are below the screening levels, and it is 
unlikely to be present in soil vapor at concentrations that are a health concern. 

Table 6-1 presents the chemicals that were never detected in soil vapor, but have SQLs that 
exceed their respective screening values.  Because these chemicals were not detected in soil 
vapor, they were not screened for selection as COPCs and not carried through the risk 
assessment, with the exception of benzene, which was included in the risk calculations presented 
in Section 5.  Because these chemicals were never detected, it was assumed that they are not 
present in concentrations that are health concern for the vapor intrusion pathway.  The majority 
of the chemicals shown in Table 6-1 are chlorinated and brominated compounds that would not 
be anticipated at a GRO site.  Therefore, the potential uncertainty surrounding these chemicals is 
low, as they are likely not present.  Table 6-1 shows naphthalene with SQLs above the screening 
level.  Naphthalene could be present because DRO was detected above vapor screening levels in 
groundwater, and naphthalene is one of the most volatile components of DRO.  However, the 
SQLs that exceeded naphthalene’s screening level were collected from the deeper samples (see 
Appendix B).  At the depth interval of most relevance for vapor intrusion, the shallowest 5-foot 
interval, naphthalene’s SQL was 23 µg/m3, well below the screening level of 360 µg/m3.  
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Therefore, even if present at a concentration just below the SQL, naphthalene in soil gas would 
not present a health risk for commercial workers. 

Table 6-1 
Chemicals Analyzed But Not Detected in Soil Vapor With Method Reporting Limits 

Exceeding Screening Values 

Chemical 

Range of 
Detection 
Limits for 
Nondetect 
Samples 
(µg/m3) 

Risk 
Assessment 
Screening 

Valuea 
(µg/m3) 

Nondetects 
Per Total 

Number of 
Samples 

Number of 
Nondetects 
Exceeding 
Screening 

Value 

Frequency 
of 

Exceedance 
(%) 

East of Main Road      
1,2-Dibromoethane 8.2 - 8.3 4.1 3/3 3 100 
Hexachlorobutadiene 45 - 46 5.3 3/3 3 100 
West of Main Road      
Benzene 3.5 - 3,600 1,600 5/5 2 40 
Bromodichloromethane 7.4 - 7,500 690 5/5 2 40 
Bromoform 11 - 12,000 11,000 5/5 2 40 
Bromomethane 4.3 - 4,300 2,200 5/5 2 40 
Carbon tetrachloride 6.9 - 7,000 820 5/5 2 40 
Chloromethane 9.1 - 9,200 6,800 5/5 2 40 
cis-1,3-Dichloropropeneb 5 - 5,100 3,100 5/5 2 40 
Dibromochloromethane 9.4 - 9,500 510 5/5 2 40 
1,2-Dibromoethane 8.4 - 8,600 20 5/5 4 80 
1,4-Dichlorobenzene 6.6 - 6,700 1,800 5/5 2 40 
1,2-Dichloroethane 4.4 - 4,500 470 5/5 2 40 
1,1-Dichloroethene 4.4 - 4,400 250 5/5 2 40 
1,2-Dichloropropane 5.1 - 5,200 630 5/5 2 40 
Hexachlorobutadiene 47 - 48,000 560 5/5 3 60 
Naphthalene 23 - 23,000 360 5/5 4 80 
1,1,2,2-Tetrachloroethane 7.6 - 7,700 210 5/5 3 60 
1,2,4-Trichlorobenzene 33 - 33,000 1,800 5/5 2 40 
1,1,2-Trichloroethane 6 - 6,100 770 5/5 2 40 
Trichloroethene 5.9 - 6,000 110 5/5 3 60 
Trans-1,3-dichloropropeneb 5 - 5,100 3,100 5/5 2 40 
Vinyl chloride 2.8 - 2,900 110 5/5 3 60 
aScreening values are from Alaska Department of Environmental Conservation vapor intrusion guidance (ADEC 
 2009) Appendix F, Target Levels for Deep Soil Vapor.  East of Main Road screening levels are the residential 
 values from Appendix F, and west of Main Road screening values are Commercial. 
bThe screening value for 1,3-dichloropropene was used for cis- and trans-1,3-dichloropropene. 

Note: µg/m3 - microgram per cubic meter 
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6.1.5 SQLs for Nondetected PCE Daughter Products 

Table 6-2 presents the PCE daughter chemicals that were never detected in soil vapor, but have 
elevated SQLs that exceed their respective screening values.  Because these chemicals were not 
detected in soil vapor, they were not screened for selection as COPCs and not carried through the 
risk assessment.  Because these chemicals were never detected, it was assumed that they are not 
present in concentrations that are a health concern for the vapor intrusion pathway.  The only 
concentrations of concern for indoor air are those at the 5-foot-depth interval, as these are the 
most likely concentrations to reach indoor air.  All the nondetected reporting limits for the PCE 
daughter products at the 5-foot-depth interval are below their respective screening values.   
Therefore, the potential uncertainty surrounding these chemicals is low, as they are likely not 
present.  However, there is still uncertainty in the presence of these chemicals at lower depth 
intervals (from 10 to 20 feet bgs.)  It is recommended in this report that the next round of 
groundwater monitoring should include VOC analysis by EPA Method 8260 to evaluate the 
potential presence of chlorinated VOCs (including PCE and daughter products) in Area 303 
groundwater to resolve this uncertainty. 

Table 6-2 
PCE Daughter Products Analyzed But Not Detected in Soil Vapor With Method Reporting 

Limits Exceeding Screening Values 

Chemical 

Range of Method 
Reporting Limits for

all Nondetect 
Samples 
(µg/m3) 

Range of Method 
Reporting Limits 

for Nondetect Samples
of Top 5 Feet 

(µg/m3) 

Risk Assessment
Screening Valuea

(µg/m3) 
West of Main Road 
1,2-Dichloroethane 4.4 - 4,500 4.4 - 44 470 
1,1-Dichloroethene 4.4 - 4,400 43 250 
Trichloroethene 5.9 - 6,000 5.9 - 58 110 
Vinyl chloride 2.8 - 2,900 2.8 - 28 110 

aScreening values are from Alaska Department of Environmental Conservation vapor intrusion 
 guidance (ADEC 2009) Appendix F, Target Levels for Deep Soil Vapor, Commercial. 

Notes: 
µg/m3 - microgram per cubic meter 
PCE - tetrachloroethene 

6.2 EXPOSURE 

For estimating the RME, 95 percent upper confidence limit values, or upper-bound estimates of 
national averages, are generally used for exposure assumptions.  The intent of RME, as discussed 
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by the EPA Deputy Administrator and the Risk Assessment Council (Habicht 1992), is to present 
risks as a range from central tendency to high-end risk (“above the 90th percentile of the 
population distribution”).  This descriptor is intended to estimate the risks that are expected to 
occur in small but definable “high end” segments of the subject population (Habicht 1992).  EPA 
makes a distinction between scenarios that are possible, but highly improbable, and those that are 
conservative, but more likely to occur within a population.  The latter is favored in risk 
assessment.  RME calculations thus overestimate risk for the majority of a hypothetical 
population, even though all assumptions may not be at their maximum. 

6.2.1 Percentage Assumptions for Petroleum Products 

Hazards for the TPH compounds were calculated using ADEC’s default percent compositions for 
the different fuel fractions, as per ADEC guidance (ADEC 2008a).  ADEC default percent 
compositions are not fuel-type specific and are very conservative because they add up to greater 
than 100 percent.  Thus, health risks are estimated assuming that there is 20 percent more TPH 
compound than is actually detected (percentages add up to 120 percent).  Because of variability 
in the percent composition of petroleum fuels, depending on the fuel, source and its weathering 
in the environment, site-specific information is likely the most applicable for risk assessment 
purposes (ATSDR 1999 and TPHCWG 1999).  Weathering of petroleum fuels likely reduces the 
percent content of the volatile aromatic portions (the most toxic portions of gasoline). 

The original risk assessment (U.S. Navy 2008) evaluated the conservativeness of the ADEC 
default percent compositions for GRO relative to the available site-specific fractionation data.  
The generic, ADEC default percent composition for GRO aromatics (the more toxic portion of 
GRO) is 50 percent (ADEC 2008a), which is representative of the maximum amount of 
aromatics found in fresh product (ATSDR 1999).  The actual amount of aromatics present at the 
site is much less than 50 percent, based on site-specific fractionation data for soil and 
groundwater.  As discussed in the original risk assessment (U.S. Navy 2008), the aromatic 
fraction of GRO is at most 14 percent in soil and 38 percent in groundwater.  Thus, use of the 
ADEC (2008a) default percent compositions overestimates the concentration of the aromatic 
fraction in soil vapor.  However, the results of the risk assessment indicate that GRO in soil 
vapor is not present in concentrations that result in an exceedance of target health goals for the 
vapor intrusion pathway for commercial receptors, even when the default percentages are used.  
Therefore, the conclusion of the risk assessment of no risk would not change if site-specific 
composition information were used. 
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6.2.2 Exposure Assumptions 

Individuals within a population may have higher exposure rates than assumed by the separate 
exposure assumptions.  However, the RME values used represent the maximum exposures that 
could reasonably be expected to occur for a commercial indoor worker population. 

6.2.3 Soil Vapor Exposure Point Concentrations 

The soil vapor concentrations collected from the shallowest depth interval (5 feet bgs) were 
assumed to be most representative of concentrations beneath the slab of building constructed on 
site, and these concentrations were used in the JE Model to predict indoor air concentrations for 
a future commercial building.  Several of the COPCs identified in soil vapor were not detected in 
the 5-foot-depth interval, 1,2,4-trimethylbenzene, 1,3,5-trimethylbenzene, and benzene.  
Therefore, these chemicals were assumed to be present in soil vapor at concentrations equal to 
their detection limits.  Although the actual concentrations of these chemicals in soil vapor are not 
known, they are not expected to be present in concentrations greater than their detection limits.  
Use of the detection limits as surrogate concentrations for these COPCs is a conservative 
assumption and overestimates the modeled indoor air concentrations.  Because target health 
goals were not exceeded even under this assumption, the use of detection limits as surrogate 
concentrations for these COPCs does not affect the conclusions of the risk assessment. 

Concentrations of COPCs in soil vapor increase with increasing depth.  If a building slab were 
constructed deeper than 5 feet bgs, the concentrations beneath a building could be higher than 
those used in this assessment, and risks and hazards could be underestimated.  However, none of 
the existing construction on Adak Island contains basements.  There is currently no plan for 
future building construction on Area 303.  Future construction of a building with a basement is 
considered to be unlikely, and it is unlikely that indoor air concentrations were underestimated 
for future construction. 

Additional uncertainties exist in evaluations for vacant lots such as Area 303 and there may be 
some circumstances where soil gas concentrations beneath a future building might be higher than 
the 5-foot concentration.  In general, VOC concentrations will be at their maximum at the depth 
where the source exists (demonstrated at this site by the data from SV-303-02).  The SV-303-02 
data demonstrate that diffusion is occurring and there is a concentration gradient present in the 
soil.  If mass transport of VOCs is occurring through the soil column, a significant concentration 
will be present at any midway point, whether the area is paved or unpaved.  The presence of a 
building or pavement is expected to affect the rate of gas transport, not the concentration present 
at depth.  Recent theoretical and empirical examples that address vertical concentration profiles 
in soil include the following: 
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 Abreu, L. and P. Johnson.  “Effect of Vapor Source – Building Separation and 
Building Construction on Soil Vapor Intrusion as Studied with a Three-
Dimensional Numerical Model.”  Environ. Sci. Technol.  39:4550-4561, 2005.  
(Also, follow-up research published in Environ. Sci. Technol.  40:2304-2315, 
2006 and API Publication 4775, April 2009) 

 Roggemans, S., C. Bruce, P. Johnson, and R. Johnson.  Vadose Zone Natural 
Attenuation of Hydrocarbon Vapors: An Empirical Assessment of Soil Gas 
Vertical Profile Data.  API Publication No. 13.  December 2001. 

 EPA.  Vertical Distribution of VOCs in Soils from Groundwater to the 
Surface/Subslab.  EPA/ORD, Las Vegas, NV.  EPA/600/R-09/073.  August 2009. 

However, there are uncertainties in actual conditions and it is possible that a future building 
could act as a “rain shadow” (drier soil with higher air-filled porosity) and could also act as a 
partial barrier to oxygen entering the subsurface (if the building is large, though unlikely on 
Adak).  Therefore, there may be less biodegradation occurring if a building is present and the soil 
gas concentrations at the 10-foot-depth interval may potentially also be representative of 
concentrations beneath a future building.  Ten-foot concentrations were higher than those at 
5 feet.  However, these concentrations also do not represent a health risk as indicated by the large 
margin of safety in the risk characterization results – that is, risks and hazards calculated based 
on the 5-foot-depth interval soil vapor concentrations were sufficiently below target health goals 
that the increase in concentration between the 5- and 10-foot-depth intervals would also not 
result in an exceedance of target health goals. 

6.2.4 Johnson-Ettinger Model Uncertainties 

The major JE Model assumptions were presented in Section 3.2, and the inputs into the model 
are summarized in Table 3-2.  Table 6-3 summarizes the sensitivity of the key parameters used in 
the JE Model.  As shown in Table 6-3, the parameters with the greatest uncertainty or variability 
(Qsoil, indoor air exchange rate, and crack-to-total-area ratio) also have the highest sensitivities in 
the model. 

No occupied structure currently exists over the commercial land use portion of Area 303, and 
there are currently no plans for future building construction on Area 303.  Therefore, there is 
significant uncertainty regarding the size and type of structure that could potentially be 
constructed in the future.  To estimate indoor air concentrations, the volume of interior space 
must be input into the model.  For this assessment, it was assumed that a building of similar size 
and construction as T-2776 (an unoccupied building located in the northern portion of Area 303) 
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Table 6-3 
Summary of Johnson and Ettinger Model Parameter Sensitivity 

Parameter 

Parameter 
Uncertainty or

Variability 
Parameter 
Sensitivity 

Relationship to 
Modeled Air 

Concentration 
Soil type and soil properties Low Moderate to high Specific to soil type 
Average vapor-flow rate into a building (Qsoil) High Moderate to high Directly proportional 
Indoor air-exchange rate Moderate Moderate Inversely proportional 
Enclosed space height Low Moderate Inversely proportional 
Area of enclosed space Low to moderate Low to moderate Inversely proportional 
Depth below grade to bottom of enclosed space Low Low Directly proportional 
Crack-to-total-area ratio High Moderate Directly proportional 
Enclosed space floor thickness Low Low Directly proportional 

could be constructed in the future.  This assumption could lead to either an overestimation or 
under estimation of vapor intrusion hazards.  If a smaller building were constructed in the future, 
then model predicted indoor air concentrations could be under-predicted.  Conversely, if a larger 
building were constructed in the future, model predicted indoor air concentrations could be over-
predicted.  Non-TPH cancer risks and noncancer hazards are well below target health goals (by 
more than three orders of magnitude), based on the assumptions for commercial receptors used 
in this assessment.  TPH hazards were also below target health goals by approximately an order 
of magnitude.  Even if a smaller building than that assumed in this assessment were constructed 
in the future, non-TPH risks and hazards are unlikely to exceed target health goals.  To address 
uncertainties regarding building assumptions, at the time of construction, the actual building 
parameters should be evaluated in the JE Model to confirm that the vapor intrusion pathway is 
not associated with potential health risks. 

The model assumptions regarding the building zone of influence and floor-to-wall seam gaps are 
adjusted in the model by the Qsoil factor, which estimates the rate of vapor flow into the building 
and the crack-to-total-area ratio.  As shown in Table 6-3, these parameters are highly variable 
and have moderate to high sensitivity in the model results.  While these values can be adjusted, 
insufficient site-specific data were available to derive site-specific values for this evaluation.  
Therefore, the default Qsoil and crack-to-total-area ratio values were used in the model, which 
likely results in an overestimation of indoor air concentrations.  The JE Model user has the 
option of using the JE Model default value of 5 L/min for the vapor-flow rate, or leaving the 
value blank and letting the model calculate a vapor-flow rate based on the site-specific inputs.  
The JE Model recommends the default value of 5 L/min for residential properties.  For large 
structures, the model-calculated flow rate into building is the most conservative approach.  Thus, 
for the assumed building size used in this assessment, the model-calculated value was used. 
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The air-exchange rate used in the JE Model is a measure of the number of air changes an 
enclosed space experiences every hour.  As shown in Table 6-3, the JE Model is moderately 
sensitive to this parameter.  The air-exchange rate is significantly influenced by HVAC systems, 
open windows and doors, and cracks and gaps in floors and walls.  EPA’s default for residential 
structures is 0.25 per hour and likely overestimates the air exchange rate for the majority of 
residential dwellings.  Commercial/industrial buildings typically have powerful HVAC systems 
that circulate indoor air at a greater rate than residential structures.  An air-exchange rate of 2 per 
hour was selected for the hypothetical future commercial building.  This value is the Michigan 
Department of Environmental Quality default exchange rate for commercial buildings (MDEQ 
1998).  Air-exchange rates for commercial/industrial properties vary significantly and can be 
substantially higher than 2 per hour. 

The JE Model does not account for the presence of potential preferential pathways that could 
facilitate vapor migration to indoor spaces.  This represents a potential underestimation of indoor 
air concentrations which cannot be accounted for in the model. The former pipelines could 
potentially serve as preferential pathways for vapor migration.  However, the former pipelines 
run beneath Main Road and do not cross into the residential area.  The former pipelines are 
shown on the Section 2 figures.  When the utility survey was conducted in 2006, there was a 
pipeline located directly southwest of SV-303-1, which may intersect the trench where the 
suspected leaking pipeline was located, and extends from the Main Road to the residential area 
as shown in Figure 2-2.  The trench material may be more porous than the surrounding native 
soil and could be a preferential pathway that could facilitate vapor transport.  However, there 
were no detections of VOCs in any depth interval at SV-303-1, indicating that the former 
pipeline trench is not facilitating vapor transport through the subsurface. 

The lack of VOC detections at SV-303-1 indicate that impacted soil gas is not present in the 
vadose zone.  Even if there were a porous material (i.e., in a utility trench) within the upper 5 
feet in the area near SV-303-1, there would not be higher concentrations in the utility trench than 
in the underlying vadose zone.  As described in the 2008 FFS, the natural soil of the study area is 
relatively uniform (i.e., fine-grained sand), with the exception of the silty, clay layers.  Although, 
the material used to backfill around the utilities at Area 303 is unknown, backfill may be similar 
to the native fine-grained sand, which would eliminate the possibility of a preferential pathway 
in the utility trenches.  Because the typical utility trench in Area 303 is shallow (depth of 5 feet 
or less), any vapors in the trench would continue to migrate to the land surface.  Finally, the 
section of fuel pipeline in the single utility trench from Main Road to Eagle Bay Housing was 
excavated and removed during the 2009 pipeline decommissioning effort.  Three soil samples 
collected from this excavation did not contain detectable concentrations of GRO or BTEX 
compounds (U.S. Navy 2009).  Therefore, the possible existence of a utility trench as a 
preferential pathway is likely an insignificant pathway.  Utility trenches were not investigated as 
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part of this study, as they were not considered an issue because any intrusive work is directed 
away from utilities to maintain safety and avoid property damage. 

6.2.5 Construction Worker Exposures to Volatile Chemicals in Outdoor Air 

Construction worker exposures to volatile chemicals migrating from soil and groundwater to 
outdoor air were quantitatively evaluated in the original risk assessment (U.S. Navy 2008) using 
the available soil and groundwater data.  The resulting risks and hazards for this pathway were 
well below target health goals and the original risk assessment concluded that this pathway was 
not a health concern.  Therefore, this pathway was not re-evaluated in this supplemental risk 
assessment.  The recent 2010 soil vapor data collected from Area 303 are a direct measure of the 
concentrations of VOCs in soil vapor resulting from impacted soil and groundwater, which can 
also be used to evaluate construction worker exposures to volatile chemicals in outdoor air.  
Because the concentrations of soil vapor concentrations were so high at location SV-303-2, this 
uncertainty discussion includes an evaluation of construction worker exposures to volatile 
chemicals in outdoor air based on the soil vapor concentrations measured in 2010. 

Although no construction activity is planned for Area 303, the construction worker scenario was 
evaluated to estimate potential exposures to workers in the event that construction activities were 
to take place, disturbing subsurface soil.  Construction workers could be exposed to soil vapor 
via inhalation of volatiles while trenching.  Construction activities are assumed to occur as deep 
as 15 feet bgs.  Therefore, the maximum concentrations from each of the three locations sampled 
to a depth of 15 feet bgs were used to calculate outdoor air concentrations for construction 
worker exposures to outdoor air.  For this evaluation, it was conservatively assumed that outdoor 
air concentration in a construction trench was equal to the maximum concentration of the COPCs 
in soil vapor measured between 0 to 15 feet bgs.  Some dilution of soil vapor concentrations is 
likely to occur as the soil vapor mixes with the outdoor air, and actual exposure concentrations 
are likely lower than those assumed in this evaluation.  Total risks and hazards for construction 
worker exposures to soil vapor were evaluated for each of the three locations where soil vapor 
samples were collected, SV-303-1, SV-303-2, and SV-303-3.  The results are presented in 
Table 6-4.  EPA’s default exposure factors (USEPA 2002b) for construction workers were used 
in this assessment. 

Target health goals were exceeded for location SV-303-2 only.  At location SV-303-2, the TPH 
noncancer hazards for C6 to C10 aliphatic and C6 to C10 aromatic of 6,469 and 212,557, 
respectively, and the non-TPH noncancer hazards of 280 significantly exceed the target health 
goal of 1.  The cumulative cancer risk of 3 x 10-4 at location SV-303-2 also exceeded the target 
health goal of 1 x 10-5.  Total cancer risks and noncancer hazards at locations SV-303-1 and SV-
303-3 are below the target health goals. 
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Table 6-4 
Summary of Risks and Hazards for Construction Worker Exposures from 

Soil Vapors in Outdoor Air by Location 

Chemical of 
Potential Concern 

Sampling Location 
SV-303-1 SV-303-2 SV-303-3 

Soil vapor 
(µg/m3)a 

Noncancer 
Hazard 

Cancer 
Risk 

Soil vapor 
(µg/m3)a 

Noncancer 
Hazard 

Cancer 
Risk 

Soil vapor 
(µg/m3)a 

Noncancer 
Hazard 

Cancer 
Risk 

Non-TPH 
Benzene 0.68 J 0.004 1.3 x 10-8 3,600 U 21 7.0 x 10-5 3.5 U 0.02 7 x 10-8 
Ethylbenzene 2.1 J 0.0004 1.3 x 10-8 37,000 6 2.3 x 10-4 0.9 J 0.0002 6 x 10-9 
Isopropylbenzene 5 J 0.002 -- 94,000 41 -- 1.8 J 0.001 -- 
1,2,4-
Trimethylbenzene 

2.9 J 0.1 -- 5,500 U 136 -- 5.4 U 0.13 -- 

1,3,5-
Trimethylbenzene 

0.95 J 0.02 -- 60 J 1 -- 5.4 U 0.13 -- 

m,p-Xylene 3.8 J 0.01 -- 43,000 75 -- 1.3 J 0.002 -- 
TOTAL -- 0.1 3 x 10-8 -- 280 3 x 10-4 -- 0.3 7 x 10-8 
TPH 
TPH-gasoline-range 
C6-C10 aliphatic 

490 0.005 -- 686,000,000 6,469 -- 154 0.001 -- 

TPH-gasoline-range 
C6-C10 aromatic 

350 0.2 -- 490,000,000 212,557 -- 110 0.05 -- 

aMaximum soil vapor concentration from 0 to 15 feet below ground surface 

Notes: 
µg/m3 - microgram per cubic meter 
TPH - total petroleum hydrocarbon 
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At location SV-303-2, the individual risks and hazards for each COPC exceeded the target health 
goals, but TPH-gasoline-range C6 to C10 aliphatic and TPH-gasoline-range C6 to C10 aromatic in 
soil vapors at location SV-303-2 were the greatest contributors to the overall noncancer hazard.  
The high hazards of location SV-303-2 in the commercial area of Area 303 appears to be a hot 
spot, based on the other vapor sampling locations and where free product has been found at the 
site.  Specifically, free product has been identified in four wells:  HMW-303-5, HMW-303-11, 
MW-303-30, and MW-303-31, all in the vicinity of SV-303-2.  These wells are all within 200 
feet to the north, west, and south of SV-303-2.  Therefore, it is likely that the potential area of 
concern for construction workers is limited to the area above free product.  If construction 
activities (digging) were to occur anywhere in this vicinity, and assuming no attenuation of vapor 
concentrations has occurred, appropriate protective measures should be implemented to protect 
worker safety.  As discussed further in Section 6.3.3, concentrations of petroleum-related 
compounds in soil vapor are expected to continue to decline at the site as a result of  pipeline 
decommissioning  and natural attenuation through petroleum biodegradation.  However, at the 
time of sampling, site conditions do not appear to be very conducive to biodegradation at SV-
303-2, although significant attenuation likely due to other processes is still occurring at this 
location (Figure 3-3).  As concentrations decrease, biodegradation conditions are expected to 
improve (see Section 6.3.3). 

6.2.6 Residential Exposures to Volatile Chemicals in Indoor Air 

The portion of Area 303 that borders Eagle Bay housing area did not have concentrations of 
petroleum-related chemicals that exceeded the ADEC residential soil vapor screening values and 
no COPC was identified for residential exposures to volatile chemicals in indoor air.  Thus, the 
vapor intrusion pathway was not evaluated for residential populations.  This uncertainty 
discussion semi-quantitatively evaluates the residential vapor intrusion pathway to confirm that 
the pathway is insignificant.  None of the soil vapor COPCs were detected in the 5-foot bgs soil 
vapor sample collected at SV-303-1.  For most petroleum sites, benzene is the primary risk 
driver for the indoor vapor intrusion pathway.  Therefore, only benzene was evaluated for this 
uncertainty discussion.  Benzene data are not available for the 5-foot depth interval because no 
sample was collected at the 5-foot depth interval during the July sampling, and the TO-3 results 
from the August sampling for benzene were rejected, as described above.  Thus, the benzene 
result from the 10-foot depth interval was used as a surrogate soil vapor concentration to predict 
indoor air concentrations. 

The JE Model was used to estimate indoor air concentrations from soil vapor data.  EPA’s 
default exposure factors (USEPA 1991) for child and adult residential exposures were used in 
this assessment.  Using JE Model residential defaults, the model predicted an indoor air 
concentration of 2 x 10-3 µg/m3 for a residential building, based on a benzene soil vapor 
concentration of 0.67 µg/m3. 



FINAL SUPPLEMENTAL RISK ASSESSMENT Section 6.0 
Area 303, Former Adak Naval Complex Revision No.:  0 
Naval Facilities Engineering Command Northwest Date:  4/28/11 
Contract No. N44255-09-D-4001 Page 6-16 
Delivery Order 0007 

U:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Final FFS Revision 1\Final FFS Report, Revision 1 to 
Client\Appendix L\Area 303 Final Supplemental Risk Assessment.docx 

Table 6-5 summarizes the results of this semi-quantitative evaluation of the residential vapor 
intrusion pathway.  As shown in Table 6-5, total noncancer hazards and cancer risks for both 
child and adult exposures to indoor air were well below the target health goals of 1 and 1 x 10-5, 
respectively.  Thus, the vapor intrusion pathway is unlikely to be a concern for residential 
receptors and the conclusions of the risk assessment are not affected. 

Table 6-5 
Summary of Risks and Hazards for Residential Exposures From 

Vapors in Indoor Air 

Chemical 

Hazard 
Quotient 

Child 

Hazard 
Quotient 

Adult 

Cancer 
Risk 

Child/Adult 

Benzene 0.00006 0.00005 6 x 10-9 
Total 0.00006 0.00005 6 x 10-9 

6.2.7 GCI Compound Facility Worker Exposures to Volatile Chemicals in Indoor Air 

The GCI Compound is centrally located within the Area 303 site.  The GCI Compound was not 
re-evaluated in this supplemental risk assessment.  However, because the building is occupied 
regularly, and newer groundwater concentration data are available reflecting current conditions 
and an increased understanding of site conditions (i.e., the discovery of Area 303), the vapor 
intrusion pathway is re-evaluated here to determine if the current remedy is still protective.  The 
GCI Compound is located over a portion of the groundwater plume with significantly lower 
GRO and benzene concentrations than those identified in the vicinity of SV-303-2.  Because the 
risk calculated for the future on-site worker scenario in this assessment used the vapor data from 
SV-303-02, and SV-303-02 is expected to have the highest vapor concentrations based on 
groundwater concentrations and free product location information, risks to workers entering the 
GCI building (occurs periodically to check equipment) are likely to have significantly lower risk 
than the risks predicted using the SV-303-02 information.  As a confirmation of low risks, the 
benzene and GRO concentration data for the four wells in closest proximity to GCI, MW-303-
32, MRP-MW9, 04-211, and 04-213, were reviewed and the maximum benzene and GRO 
concentrations from these wells was selected for this uncertainty evaluation.  These groundwater 
concentrations were used in the JE Model with the site-specific dimensions of the GCI 
compound, site-specific subsurface soil properties, and model default values, to predict an indoor 
air concentration.  The indoor air concentrations were used to estimate risks and hazards for GCI 
facility workers assuming EPA default exposure assumptions of 250 days per year for 25 years – 
a large overestimation of exposures likely to occur at the GCI Compound. 
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Table 6-6 summarizes the results of this semi-quantitative evaluation of the vapor intrusion 
pathway for GCI Compound facility workers.  As shown in Table 6-6, total noncancer hazards 
and cancer risks for on-site worker exposures to indoor air were well below the target health 
goals of 1 and 1 x 10-5, respectively.  Thus, under current conditions and using the latest 
information regarding site conditions, the vapor intrusion pathway is confirmed to have a low 
risk potential and is not a concern for facility workers of the GCI Compound and the conclusions 
of the original GCI risk assessment and this supplemental Area 303 risk assessment are not 
affected. 

Table 6-6 
Summary of Risks and Hazards for GCI Compound Facility Worker Exposures From 

Vapors in Indoor Air 

Chemical 

Initial 
Groundwater 
Concentration 

(µg/L) 

Modeled Indoor 
Air Concentration 

(µg/m3) 
Noncancer 

Hazard 
Cancer 

Risk 
Non-TPH   
Benzene 12 0.147 0.001 9 x 10-8

TPH   
TPH-gasoline-range C6-C10 aliphatic 4830 3480 0.04 -- 
TPH-gasoline-range C6-C10 aromatic 3450 146 0.08 -- 

Notes: 
µg/L - microgram per liter 
µg/m3 - microgram per cubic meter 
TPH - total petroleum hydrocarbon 

6.3 TOXICITY ASSESSMENT AND RISK HAZARD CALCULATIONS 

Toxicity values have been developed by the EPA from the available toxicological data.  These 
values frequently involve high-to-low-dose extrapolations and are often derived from animal 
rather than human data.  In addition, there may be few studies available for a particular chemical.  
As the unknowns increase, the uncertainty of the value increases.  Uncertainty is addressed by 
reducing RfDs using uncertainty factors and by deriving the SF using a conservative model.  The 
greater the uncertainty, the greater the uncertainty factors and tendency to overestimate the 
toxicity. 

6.3.1 Toxicity Values for Petroleum Compounds 

GRO (both GRO total and GRO fractions C6 to C10 aliphatic and C6 to C10 aromatic) was 
selected as a COPC.  No toxicity criterion represents exposures to the whole mixtures of the 
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petroleum groups.  Thus, there is a higher than usual degree of uncertainty surrounding the 
toxicity criteria used in this assessment to estimate hazards from GRO.  Two groups have 
pioneered similar approaches to estimating the toxicity of petroleum:  the Massachusetts 
Department of Environmental Protection (MDEP) and the Total Petroleum Hydrocarbon Criteria 
Working Group (TPHCWG).  Both these groups recommend analyzing the fractions of 
petroleum present and evaluating the toxicity of the fractions based on a compound (or 
compounds) that falls within the fraction anticipated to adequately represent the toxicity of the 
entire fraction.  However, the groups do not select the same surrogate compounds for each of the 
fractions, nor do their fraction definitions entirely agree. 

The surrogate approach is recommended by ADEC guidance (ADEC 2008a), which selected the 
surrogates recommended by the TPHCWG for the aliphatic and aromatic portions of the 
petroleum groups.  ADEC defines GRO as containing carbon-chain lengths from C6 to C10.  
MDEP and the TPHCWG only recommend noncancer toxicity criteria for the petroleum groups.  
Carcinogenic effects are not evaluated for the petroleum ranges.  Rather, the individual 
carcinogenic compounds present in petroleum (e.g., benzene) are evaluated separately.  Every 
attempt at the selection of surrogate toxicity criteria is aimed to be conservative, but there is still 
uncertainty as to the actual toxicity of the TPH fractions.  A detailed discussion of the oral and 
inhalation toxicity criteria used in this assessment for each carbon fraction range is provided in 
Appendix D. 

The toxicity information is almost exclusively based on fresh, un-weathered materials.  
Understanding the composition of the original petroleum product is important.  However, once 
petroleum products are released into the environment, they become subject to weathering (e.g., 
biodegradation, volatilization, and leaching), which can have a substantial effect on the original 
composition and, thus, potentially on its toxicity. 

In their toxicity profile for TPH, ATSDR states the following (ATSDR 1999): 

The longer the release is exposed to the environment, the greater the change in 
chemical character . . ..  After extensive weathering, detailed knowledge of the 
original bulk product is often less valuable than current site-specific information 
on a more focused set of hydrocarbon components, for example TPH fractions. 

Therefore, weathering adds a further area of uncertainty into the assessment of petroleum 
toxicity. 

6.3.2 Cancer Toxicity for Benzene 

The IRIS file for benzene lists two values for both the oral SF and the inhalation unit risk (IUR).  
The IRIS file indicates the values should be treated as a range and that the scientific evidence is 
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not clear as to whether one end of the range is more accurate than the other.  ADEC (2008a) 
recommends the more conservative IUR and oral SF values of 7.8 x 10-6 (µg/m3)-1 and 5.5 x 10-2 
(mg/kg-day)-1 for the inhalation and oral pathways, respectively, and the inhalation value were 
used in the risk calculations.  The lower end of the cancer risk range is potentially more 
appropriate for this evaluation, because the exposed population to benzene in air evaluated in this 
assessment is an adult working population.  The difference in the two values is a factor of 3.5, 
and cancer risks from benzene could be overestimated by a factor of 3.5.  However, the 
conclusions of the risk assessment would be unaffected because the target health goals were not 
exceeded. 

6.3.3 Petroleum Biodegradation 

As discussed in the ADEC vapor intrusion guidance, biodegradation can cause petroleum vapors 
to attenuate rapidly as they move away from the source (ADEC 2009).  Davis (2008) has shown 
that biodegradation will prevent vapor intrusion when the source strength is low, at least 2 feet of 
fine-grained sand are present, and the soil contains at least 3 percent oxygen.  The available data 
indicate that biodegradation at Area 303 is occurring and effectively reducing soil vapor 
concentrations, particularly at locations SV-303-1 and SV-303-3.  At Area 303, only deeper, 
subsurface soils have been impacted by the petroleum release at the site.  Thus, at least 2 feet of 
clean fine-grained sand is present at Area 303.  In addition, concentrations of fixed gases were 
obtained from the vadose zone to provide information on the potential for biodegradation of 
petroleum compounds.  Active aerobic biodegradation requires sufficient levels of oxygen (3 
percent or more) and produces carbon dioxide.  Anaerobic biodegradation generates methane in 
oxygen-depleted source zones.  The fixed-gas data (oxygen, carbon dioxide, and methane) 
presented in Section 2 indicate that the soils are oxygen-rich (oxygen concentrations range from 
11.7 to 16.9 percent) at both SV-303-1 and SV-303-3.  The biodegradation of soil vapor 
concentrations is evidenced by the fact that soil vapor concentrations of petroleum-related 
compounds are either nondetects or negligible by the time they reach the shallower sampling 
depths.  Thus, in areas near SV-303-1 and SV-303-3, petroleum biodegradation is effectively 
eliminating concerns associated with the vapor intrusion pathway. 

At location SV-303-2, although at least 2 feet of clean soil exist in this portion of the site, the 
fixed-gas data indicate that petroleum biodegradation may not be occurring as effectively as in 
other portions of the site.  Soil vapor concentrations measured at this location are significantly 
elevated in the deeper samples.  In addition, the oxygen concentrations measured in SV-303-2 
range from 1.7 percent to 6.5 percent in the deeper soil vapor samples.  Thus, it can be assumed 
that the highly concentrated source is preventing oxygen from being replenished in the soil, 
creating an oxygen-depleted zone near the source.  As oxygen levels decline, biodegradation is 
limited, and petroleum vapors no longer attenuate as rapidly.  However, because of the pipeline 
decommissioning that removed a potential recurring release and a conduit for contaminants, 
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source concentrations are expected to continue to decline.  In addition, free-product removal was 
selected as a remedial alternative during the FFS, and free-product removal activities will likely 
be implemented as a result of the Decision Document when it is completed.  Free-product 
removal will also result in a continuation of declining source concentrations.  Additionally, the 
Area 303 site is essentially an open field, with no concrete or asphalt cover present that would 
limit the rate of oxygen infiltration from the surface.  Thus, soil vapor concentrations at SV-303-
2 are expected to be at their maximum and will attenuate over time.  Eventually, it is expected 
that favorable conditions for petroleum biodegradation will result as the source concentrations 
reduce and oxygen is replenished.  Therefore, the risks and hazards associated with the vapor 
intrusion pathway are not expected to be any higher than those presented in this supplemental 
risk assessment and will continue to decrease in the future as petroleum biodegradation occurs. 

6.4 SUMMARY 

Every aspect of the risk assessment contains multiple sources of uncertainty.  Simplifying 
assumptions are often made so that health risks can be estimated quantitatively.  Because the 
exact amount of uncertainty cannot be quantified, the risk assessment is intended to overestimate 
rather than underestimate probable risk.  The results of this assessment, therefore, are likely to be 
protective of health despite the inherent uncertainties in the process. 
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7.0  RISK ASSESSMENT CONCLUSIONS 

This supplemental risk assessment was conducted primarily to assess the vapor intrusion 
pathway at Area 303 and determine whether the 2008 FFS recommendations (monitored natural 
attenuation and institutional controls with free-phase product recovery) are still valid, or if a 
different preferred alternative may be appropriate to address potential vapor intrusion concerns.  
The results of this supplemental risk assessment indicate that soil vapor concentrations of VOCs 
in shallow soil vapor are unlikely to be present in concentrations that represent a health concern 
for the vapor intrusion pathway.  Recent pipeline decommissioning removed a potential 
recurring release and conduit for contaminants associated with the AVGAS pipeline, which is 
expected to result in continued reduction of soil vapor concentrations beneath the site.  In 
addition, the fixed-gas data indicate that conditions are favorable for petroleum biodegradation 
over much of the site, further reducing the concern associated with vapor intrusion.  Therefore, 
the results of this supplemental risk assessment indicate that the preferred remedies of monitored 
natural attenuation and institutional controls with free-phase product recovery are still valid. 

The elevated soil vapor concentrations measured at location SV-303-2 are indicative of a 
potential vapor hot spot, associated with the remaining residual free-product area.  If 
construction activities (digging) were to occur over this location, and assuming no attenuation of 
vapor concentrations has occurred, appropriate protective measures should be implemented to 
protect worker safety.  Although there is currently no soil excavation notification requirement for 
Area 303, it is expected that this requirement will be included in the decision document.  In 
addition, it is recommended that the next round of groundwater monitoring should include a 
complete VOC analysis by EPA Method 8260 to evaluate the potential presence of chlorinated 
VOCs in Area 303 groundwater.  Specifically, the following wells near the single PCE detection 
in the soil vapor sample from SV-303-2-C be sampled:  MW-303-28, MW-303-29, MW-303-30, 
03-107, HMW-303-5, and HMW-303-6. 

Details of the conclusions for each of the three populations examined (indoor workers, indoor 
residents, and construction workers) are presented below. 

7.1 FUTURE ON-SITE WORKER EXPOSURES TO INDOOR AIR 

Future workers could be exposed to indoor vapors if a building were built in the commercial 
reuse area west of Main Road (the area of the site designated for commercial reuse).  The 
concentrations of the seven COPCs measured in the 5-foot depth interval from location SV-303-
2 were used in the JE Model to predict indoor air concentrations for a hypothetical future 
building that could be constructed on site.  The calculated risks and hazards for future on-site 
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workers are well below target health goals, indicating that the vapor intrusion pathway is not a 
concern for future on-site workers. 

The following lines of evidence support the results of the risk characterization for future on-site 
workers (i.e., no vapor intrusion risk): 

 Significant concentration attenuation is occurring at the site as demonstrated by 
the large reduction in concentration of COPCs between the water table and the 
ground surface at SV-303-2.  This attenuation is likely caused by biodegradation 
and other physical processes, such as dispersion, dilution, sorption, volatilization, 
and chemical or biological stabilization, transformation, or destruction of 
contaminants (USEPA 1999).  However, although significant attenuation is 
occurring, the fixed-gas data at location SV-303-2 indicate that petroleum 
biodegradation may not be occurring as effectively at that location as in other 
portions of the site.  Oxygen concentrations measured at location SV-303-2 are low, 
averaging less than 3 percent.  Thus, it can be assumed that the highly concentrated 
source is preventing oxygen from being replenished in the soil, creating an oxygen-
depleted zone near the source.  The decommissioning of the gasoline pipeline has 
mitigated the potential for continued release to the environment and is expected to 
result in continued reduction of soil vapor concentrations beneath the site.   Thus, 
soil vapor concentrations at location SV-303-2 are expected to be at their maximum 
and will decline over time.  Eventually, it is expected that more favorable 
conditions for petroleum biodegradation will result as free-product recovery is 
conducted, the source concentrations reduce, and oxygen is replenished. 

 The highest vapor concentrations were likely identified and used in the risk 
calculations.  Although the soil vapor data collected from location SV-303-2 
represent a relatively localized area, the soil vapor sampling locations were 
selected based on the maximum concentrations of benzene and GRO measured in 
groundwater and adjusted for accessibility issues.  Thus, concentrations of COPCs 
in soil vapor at other areas of Area 303 are unlikely to have higher soil vapor 
concentrations than those observed from location SV-303-2, as shown for location 
SV-303-1 (next highest groundwater concentrations) where VOCs in vapors did 
not exceed screening levels. 

 All possible chemicals that could be a concern were identified.  Review of the 
available groundwater data, which cover a greater spatial area than the available 
soil vapor data, indicates that the same COPCs (except PCE) were identified as a 
potential concern for the vapor intrusion pathway from groundwater as in soil gas, 
increasing the confidence in the selected COPCs in soil vapor.  While PCE has 
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not been analyzed for in groundwater beneath Area 303, the single detection of 
PCE above a screening level in soil gas indicates that if the chemical is present in 
groundwater, concentrations are likely low.  Daughter products were not detected 
in soil gas, and detection limits were below screening levels.  PCE in groundwater 
in the downtown area of Adak was identified as a chemical of concern in the 
original Record of Decision for the site in 2000 and, thus, might be present in 
groundwater in Area 303.  However, previous PCE detections in groundwater 
were not from locations immediately adjacent or upgradient of Area 303. 

 Because estimated health risks for the on-site workers were more than three orders of 
magnitude below the target health goal of 1 x 10-5, even considering all the 
uncertainties in estimating health risks for a future building, unacceptable risks are 
very unlikely to be present if a building were constructed.  Even if some of the 
uncertainties in the site characterization have led to a potential underestimation of 
risks and hazards, the low levels of estimated risk (in the 10-9 range) indicates that it 
is unlikely that target health goals would be exceeded. 

7.2 RESIDENTIAL EXPOSURES TO INDOOR AIR 

The soil vapor data from location SV-303-1 located east of Main Road (the area that borders a 
residential parcel) were screened against ADEC residential deep soil vapor screening values to 
determine whether concentrations of petroleum-related compounds were present in soil vapor at 
concentrations that represent a health concern for the vapor intrusion pathway.  No chemical was 
detected at location SV-303-1 at concentrations exceeding screening values, and no COPCs were 
identified.  Thus, the residential vapor intrusion pathway was considered insignificant or 
incomplete and was not quantitatively evaluated in this supplemental assessment. 

The following lines of evidence support the results of this conclusion for residential vapor 
intrusion exposures: 

 The vapor data collected from SV-303-1 indicate that no COPC is present in soil 
gas near Eagle Bay Housing area at concentrations that exceed soil gas screening 
concentrations.  In fact, no chemical was detected at all in the shallowest sample, 
and only low levels of chemicals below screening levels were detected in the 
deeper vapor samples.  The fixed-gas data from SV-303-1 demonstrate that 
favorable conditions for biodegradation of petroleum compounds exist in the 
subsurface at this location.  The portion of Area 303 near the residential housing 
area has highly oxygenated soil (greater than 10 percent), at least 5 feet of clean 
soil present at the surface, and no free product present in the groundwater.  
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Therefore, soil vapor concentrations will continue to decline and no vapor 
intrusion concern is likely to exist in the future. 

 As an additional line of evidence that vapor intrusion is not a concern for residents, 
risks were estimated in the uncertainty section assuming chemicals were present at 
the highest concentration detected at SV-303-1, regardless of depth.  This 
semiquantitative evaluation resulted in residential health risks significantly below 
target health goals (risks in the 10-9 range).  Therefore, there is a relatively high 
degree of confidence in the conclusion that the vapor intrusion pathway is incomplete 
or insignificant for residents, despite uncertainties in the risk estimation process. 

7.3 CONSTRUCTION WORKER EXPOSURES TO OUTDOOR AIR 

Construction worker exposures to volatile chemicals migrating from soil and groundwater to 
outdoor air were quantitatively evaluated in the original risk assessment using the available soil 
and groundwater data and were not found to represent a health concern.  However, the elevated 
soil vapor concentrations from location SV-303-2 within the area identified as containing free 
product are evidence of a relatively localized hot spot for soil vapors.  Although no construction 
activities are planned for Area 303, sample calculations using undiluted soil vapor data indicated 
a potential significant vapor hazard could be present for workers actively digging above the free-
product area bounded by wells HMW-303-5, HMW-303-11, MW-303-30, and MW-303-31. 

Concentrations of petroleum-related compounds in soil vapor are expected to continue to 
attenuate at the site because of the associated removal of the potential recurring release and 
conduit for contaminants by the pipeline decommissioning and natural attenuation through 
petroleum biodegradation.  However, if construction activities (digging) were to occur in the 
free-product area, appropriate protective measures should be implemented to protect worker 
safety. 
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APPENDIX A 

Post-2006 Sampling Activities and Results
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POST-2006 SAMPLING ACTIVITIES AND RESULTS 

Limited groundwater and soil vapor samples have been collected at Area 303 after the 2006 
comprehensive sampling at the site.  Groundwater samples have been collected annually from 
selected wells, and soil vapor samples were collected in 2010 from 12 sampling intervals at 3 
locations within Area 303.  The supplemental risk assessment considered all post-2006 data from 
the site as part of the supplemental risk assessment. 

ANNUAL GROUNDWATER MONITORING 

During the Adak annual groundwater monitoring program in 2008 and 2009, five monitoring 
wells were sampled for petroleum constituents.  Specifically, samples collected from monitoring 
wells 03-107, MW-303-17, MW-303-30, MW-303-33, and MW-303-34 were analyzed for 
gasoline-range organics (GRO) and benzene, toluene, ethylbenzene, and total xylenes (BTEX).  
Table A-1 presents the 2006, 2008, and 2009 groundwater monitoring results for these wells.  No 
apparent trend is evident, as there are only 3 years of data.  However, the concentrations appear 
stable.  

Table A-1 
Area 303 Groundwater Monitoring Results for 2006, 2008, and 2009 

Well Location Year 
GRO 
(µg/L) 

Benzene 
(µg/L) 

Toluene 
(µg/L) 

Ethylbenzene 
(µg/L) 

Total Xylenes 
(µg/L) 

03-107  
downgradient 

2006 13,500 J 12.4 455 636 1620 
2008 NS 18 J 690 1,000 2,560 
2009 NS 12 620 890 2,070 

MW-303-17  
cross-gradient 

2006 NS NS NS NS NS 
2008 100 U 0.50 U 0.50 U 0.50 U 1.0 U 
2009 100 U 0.50 U 0.50 U 0.50 U 1.0 U 

MW-303-30 
in source plume 

2006 36,600 J 1.02 J 1,800 1,790 3,640 
2008 FP FP FP FP FP 
2009 FP FP FP FP FP 

MW-303-33  
in source plume 

2006 975 20.4 1.73 1 U 170 
2008 NS 1 1.3 U 0.16 J 5.68 
2009 NS 0.82 0.50 U 0.11 J 3.56 

MW-303-34 
downgradient on 
edge of plume 

2006 50 U 2.36 1.54 2.1 12.4 
2008 NS 2.8 J 3.3 UJ 2.6 J 17.6 J 
2009 NS 2.3 1.3 U 1.7 14.9 
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Notes: 
FP - free-product (well not sampled) 
GRO - gasoline-range organics 
J - estimated concentration 
µg/L - microgram per liter 
NS - no sample collection  
U - not detected at or above the method reporting limit 
UJ - Analyte was not detected.  Reported value is the instrument detection limit, which is estimated. 

SOIL VAPOR SAMPLING 

Soil vapor probes were installed and sampled at three locations in 2010 to support the evaluation 
of human health risks to potential exposure to indoor air.  The project-specific SAP (U.S. Navy 
2010) was used as a guide for this field effort. 

Field Investigation Activities 

Utility Location 

In areas near planned subsurface penetrations, all utilities were located in accordance with 
NAVFAC NW Standard Operating Procedure (SOP) I-A-6 (Utility Clearance).  URS consulted 
with City of Adak and other appropriate representatives to identify potential utility locations at 
the site.  A private utility locator was mobilized to locate any conductible buried utilities at each 
drilling location prior to surface penetration.  The private utility locator used toning, 
electromagnetic, or other equivalent equipment to conduct the utility locate and marked locations 
of detected utilities in the areas of the planned drilling locations.  A URS representative was 
present during the utility locate to document the results.  No planned location was within 5 feet 
of identified utilities. 

Soil Vapor Probe Boring and Installation 

Soil vapor probes were installed at locations SV-303-1, SV-303-2, and SV-303-3 (Figure 2-1 in 
the body of the report) on July 9, 10, and 11, 2010.  Four nested soil vapor probes (each in 
individual borings) were installed at depths of 5, 10, 15, and 20 feet bgs at SV-303-1 and SV-
303-2 as planned.  Each of the four borings at a single location was placed within a 4-foot radius.  
Each soil vapor monitoring point given a unique name by placing A, B, C, and D on the end of 
the location name to signify the depth at which the probe is set:  5, 10, 15, and 20 feet bgs, 
respectively.  At SV-303-3, one soil vapor probe was installed at 5 feet bgs, because groundwater 
was present at a depth of less than 10 feet bgs at this location and three other alternate locations 
in the vicinity of SV-303-3.  This deviation from the project plans is explained in detail in the 
section titled “Deviations from Project Plan.” 
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Borings were drilled for installing the soil vapor probes using 2.75-inch internal diameter 
hollow-stem augers.  The upper 3 feet of the borings were hand-cleared with a posthole digger.  
Soil samples were collected at 5-foot intervals using standard penetration test methods (i.e., split-
spoon sampler) for visual classification.  The on-site geologist recorded blow counts for all 
sampled depth intervals.  The subsurface at the soil vapor locations consisted of primarily fine-
grained sand, as documented in the boring logs in Attachment A-1. 

One soil sample was collected at a depth of 15 feet bgs from location SV-303-C for physical 
testing to determine site-specific soil properties data such as dry bulk density, water-filled 
porosity, and total porosity.  This sample was a fine-grained sand that was representative of the 
geology encountered in all borings.  No silt/clay layer was sampled for physical testing because 
no silt/clay layer was detected during drilling in the unsaturated zones at SV-303-1, SV-303-2, or 
SV-303-3. 

Each soil vapor probe consisted of a 12-inch-long stainless steel implant and attached Teflon 
tubing.  The implant, manufactured by AMS, Inc., was constructed of double-woven stainless 
steel wire screen with 0.15 mm pore openings and stainless steel end fittings.  A 2-foot filter 
pack consisting of 10/20 Colorado Silica or equivalent was placed around the soil vapor implant.  
A 2.5- to 3.5-foot borehole seal consisting of bentonite pellets (1/4 inch) was carefully placed so 
as not to disturb the sample tubing.  The chips were allowed to hydrate for a minimum of 30 
minutes prior to initiation of backfill operations.  Backfill materials consisted of a mixture of 
drilling cuttings and bentonite chips as regulations allow.  Locations were completed at the 
surface with a standard 8-inch-diameter metal well cover set in approximately 0.5 foot of 
concrete and buried to approximately flush grade.  Construction logs for the soil vapor probes are 
included in Attachment A-1. 

At location SV-303-1, the depth of each implant and relative position of each probe are SV-303-
1-A depth of 5 feet bgs, southern position; SV-303-1-B depth of 10 feet bgs, eastern position; 
SV-303-1-C depth of 15 feet bgs, western position; SV-303-1-D depth of 20 feet bgs, northern 
position.  At location SV-303-2, the depth of each implant and relative position of each probe are 
SV-303-2-A depth of 5 feet bgs, southeastern position; SV-303-2-B depth of 10 feet bgs, 
southwestern position; SV-303-2-C depth of 15 feet bgs, northeastern position; SV-303-2-D 
depth of 20 feet bgs, northwestern position.  All soil vapor probes were left in place at the end of 
the field effort. 

Soil Vapor Sampling 

Soil vapor samples were collected on July 14 and 15, 2010, which allowed a minimum of 48 
hours after the soil vapor probes were installed for the soil vapor to equilibrate.  Only one sample 
event was initially planned.  However, after receiving analytical results, it was decided to 
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resample some of the sample vapor probes as explained in detail in the section titled “Deviations 
from Sampling Plan.” 

To document a successful seal, a helium tracer test was performed prior to and during sample 
collection to show that the soil vapor sample did not contain more than 5 percent ambient air.  A 
plastic shroud was placed over the sampling point in such a way to allow helium gas to be 
introduced to the air space surrounding the surface seal at the sampling point.  The purpose of the 
helium was to act as a highly mobile tracer gas that indicates the extent of any leakage through 
the seal (i.e., the amount of ambient air being drawn from the surface to the subsurface during 
sampling).  The tubing from the soil vapor probe was extended out of the shroud to the valve on 
the laboratory-supplied, certified-clean Summa canister (certified at a frequency of 10 percent), 
using this valve to direct air flow either to the Summa canister or to a separate purging pump. 

The valve on the Summa canister was set to direct air to a separate purging pump connected to a 
Tedlar bag.  The tubing was then purged of a minimum of three tubing volumes, with the purged 
air collected in the Tedlar bag.  The purging and sampling rates were approximately 192 mL per 
minute, which did not exceed the maximum planned rate of 200 mL/min.  A field measurement 
was performed on the air in the Tedlar bag to determine if helium was present in the purged air 
sample.  Helium concentrations were also measured under the shroud for later comparison with 
helium detected in the sample.  Helium concentrations were measured using a portable helium 
meter (Radioelectron/Dielectric MGD 2002 Multi-gas Detector).  Based on field measurement, 
all seals appeared to be adequate for sampling.  However, seal integrities were verified by 
comparing the laboratory results with the helium concentration under the shroud as recorded 
during sampling, as explained in the “Soil Vapor Analytical Results” section.  Field 
measurements recorded during sampling are included in Attachment A-2. 

After verifying the adequacy of the seal at a soil vapor monitoring probe, a sample was collected 
in the Summa canister.  At the end of the sampling period when the final vacuum was 
approximately 5 inches or less, the valve on the canister was closed, and the sample tubing was 
disconnected. 

Methane, oxygen, and carbon dioxide were measured using a Landtec GEM 2000 gas monitoring 
instrument at each soil vapor sampling point.  During sampling, the field crew monitored 
atmospheric conditions, including temperature, barometric pressure, wind speed, and humidity 
using a TSI Velocicalc® meter.  There was no precipitation during sampling. 

During the initial sampling event in July 2010, soil vapor samples were collected from all nine 
soil vapor probes and analyzed using EPA Methods TO-03 (GRO), TO-15 (VOCs and C6 to C10 
aliphatics and aromatics), and ASTM-D-1946 (helium).  Soil vapor probes at locations SV-303-1 
and SV-303-2 were sampled again and analyzed using EPA Methods TO-03 (GRO and BTEX) 
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and ASTM-D-1946 for two reasons that are explained in the “Deviations from Work Plan” 
section.  One field duplicate and one field blank of ambient air were collected during both 
sampling events. 

Deviations from Project Plan 

Two field change request (FCR) were completed during the field effort.  FCR No. 1 
(Attachment A-3) was prepared on July 11, 2010, and approved by the Navy on the following 
day.  FCR No. 1 was prepared because perched groundwater was encountered at the original 
planned location SV-303-3 and at three other attempted locations in the general vicinity 
(50 feet southwest, 65 feet west, and approximately 300 feet west of SV-303-3).  Because 
shallow groundwater was encountered at each attempted location in the vicinity of SV-303-3, 
one soil vapor probe at 5 feet bgs at the original location (SV-303-3) was installed.  The results 
of one shallow interval at 5 feet bgs was better than having no soil vapor data from that area, 
and the 5-foot-bgs zone is more important than any other zone to evaluate soil vapor intrusion 
into buildings. 

FCR No. 2 (Attachment A-3) was prepared on July 16, 2010, and approved on July 18, 2010.  
There were issues with the samples collected from locations SV-303-1 and SV-303-2 that 
support a re-sampling effort for these two locations.  The Summa canister for sampling location 
SV-303-1-A (shallowest sample), had no pressure in the canister when it arrived at the 
laboratory.  The lack of positive pressure in the Summa canister indicates that there was a leak in 
the valve, causing the sample to be compromised.  At SV-303-2, there were elevated detection 
limits for volatile organic compounds (VOCs) primarily caused by the elevated detections of 
GRO that required significant dilutions in the samples from each interval.  It was anticipated that 
analyses for BTEX by Method TO-3 should provide lower detection limits than reported using 
Method TO-15 when high GRO concentrations require dilutions, according to the project 
chemist and laboratory representative.  Each of the four soil vapor probes at locations SV-303-1 
and SV-303-2 were resampled for GRO and BTEX analyses using method TO-3 and for helium 
by ASTM D-2937.  Procedures in the approved project-specific SAP (U.S. Navy 2010) were 
followed. 

Data Usability Assessment 

Samples were analyzed by the Air Toxics, Ltd. Laboratory (Folsom, California) according to 
EPA Method TO-3 Modified for BTEX and GRO, EPA Method TO-15 Modified for VOCs, 
ASTM D-1946 Modified for helium and EPA Method TO-15 Modified—ATL SOP #103 for 
aliphatic/aromatic hydrocarbons (APH).  Analytical results from the laboratory are included in 
Attachment A-4. 
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Pyron Environmental performed a level IV data validation using the October 1999 EPA National 
Functional Guidelines for Organic Data Review, with modifications to accommodate the 
analytical methods, and the project data quality objectives (DQOs).  Although data validation 
qualifiers were added to some data values as a result of the validation review, the overall DQOs 
were met, and the data are acceptable for the intended purposes of the project.  No data was 
rejected.  Data validation reports are included in Attachment A-5. 

The measurement performance criteria tables listed in Worksheet #12 of the SAP (U.S. Navy 
2010) were evaluated in detail in the Data Validation Report.  Project-required quality control 
samples, including laboratory method blanks, trip blanks, surrogate spikes, matrix spikes, matrix 
spike duplicates, laboratory control samples, field duplicates, and project requested quantitation 
limits, met laboratory and project DQOs, with the following exceptions: 

 The Summa canister for SV-303-1-A that was collected in July 2010 was leaking 
upon arrival at the laboratory and was not analyzed, as per the project manager’s 
instructions. 

 The field blank Summa canister was received at low vacuum, but was analyzed 
per the project manager’s instructions. 

Volatile Organic Compounds 

Four samples collected in July 2010 were qualified as estimated (UJ) for naphthalene because of 
low calibration %D values:  SV-303-2-A, SV-303-2-B, SV-303-2-C, and SV-303-2-D.  Five 
samples were qualified as nondetected (U) for chlorobenzene because of method blank 
contamination:  SV-303-3-A, SV-303-1-B, SV-303-1-D, SV-303-1-C, and SV-303-1-E.  Three 
samples were qualified as nondetected (U) for 1,3-dichlorobenzene because of method blank 
contamination:  SV-303-3-A, SV-303-1-B, and SV-303-1-D.  Two samples were qualified as 
nondetected (U) for 1,4-dichlorobenzene because of method blank contamination:  SV-303-3-A 
and SV-303-1-B. 

Five samples collected in July 2010 were qualified as nondetected (U) for Freon-12, Freon-11, 
carbon disulfide, and 2-butanone because of field blank contamination:  SV-303-3-A, SV-303-1-
B, SV-303-1-D, SV-303-1-C, and SV-303-1-E.  Six samples were qualified as nondetected (U) 
for acetone because of field blank contamination:  SV-303-2-B, SV-303-3-A, SV-303-1-B, SV-
303-1-D, SV-303-1-C, and SV-303-1-E.  Eight samples were qualified as nondetected (U) for 
toluene because of field blank contamination:  SV-303-2-B, SV-303-2-C, SV-303-2-D, SV-303-
3-A, SV-303-1-B, SV-303-1-D, SV-303-1-C, and SV-303-1-E. 
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Sample SV-303-2-A collected in July 2010 was qualified as estimated (J) for all detected VOCs.  
Samples SV-303-2-B, SV-303-2-C, and SV-303-2-D were qualified as estimated (J) for all 
detected VOCs, except toluene. 

Samples SV-303-2-A, SV-303-2-B, SV-303-2-C, and SV-303-2-D had raised reporting limits 
because of a high concentration of target analytes in the samples. 

Helium 

Three samples collected in July 2010 were qualified as nondetected (U) for helium because of 
method blank contamination:  SV-303-2-A, SV-303-3-A, and SV-303-1-D. 

Gasoline-Range Organics/BTEX 

Six samples collected in August 2010 were qualified as nondetected (U) for o-xylene because of 
method blank contamination:  SV-303-1-C, SV-303-2-A, SV-303-2-B, SV-303-2-C, SV-303-2-D, 
and SV-303-2-E. 

Four samples collected in August 2010 were qualified as nondetected (U) for GRO and benzene 
because of field blank contamination:  SV-303-3-A, SV-303-1-A, SV-303-1-B, SV-303-1-C, 
SV-303-1-D, and SV-303-1-E.  

Aliphatic/Aromatic Hydrocarbons 

All APH results were qualified as estimated (NJ or UJ) because of nondefinitive identification of 
target compounds. 

Soil Vapor Analytical Results 

The validated analytical results from both sampling events are presented in Table A-2.  Figure 2-2 
(in the body of the report) shows concentrations of detected GRO and BTEX concentrations for 
each soil vapor probe. 

Of the three locations sampled, the samples from the soil vapor probes at location SV-303-2 
contained the highest chemical concentrations, compared to soil vapor sampling locations SV-
303-1 and SV-303-3.  High GRO concentrations present in samples from the soil vapor probes at 
SV-303-2 required the laboratory to dilute the samples, which resulted in high detection limits 
for VOCs analyzed by Method TO-15 and for BTEX analyzed by Method TO-3.  The detection 
limits for BTEX using TO-3 for the re-sampling effort in August 2010 were not significantly 
lower than the detection limits reported for the initial sampling effort in July 2010. 
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Method TO-15 uses a gas chromatograph/mass spectrometer (GC/MS) while Method TO-3 uses 
gas chromatograph/photoionization detector (GC/PID) to identify analytes and quantify analyte 
concentrations in samples.  The PID is less specific and less selective than an MS.  As such, 
compounds with similar retention times may interfere with quantification of the target VOC 
when analyzing by TO-3 GC/PID.  Sample analysis by TO-15 GC/MS provides a more 
definitive result than TO-3.  This appears to be the situation with benzene concentrations 
detected in samples from soil vapor location SV-303-2.  High concentrations reported in SV-
303-2 samples that were analyzed by TO-3 were evaluated against TO-15 results.  After looking 
closer at the TO-15 GC/MS data, the laboratory indicated the presence of a tentatively identified 
compound (TIC) called 2-methylbutanol, which on the TO-15 chromatogram, elutes at the nearly 
the same retention time as benzene.  The PID used in Method TO-3, could not distinguish 
between 2-methylbutanol and benzene in the SV-303-2 samples, but reported the concentrations 
as benzene because the elution time was within the acceptable range for benzene.  However, 
based on further evaluation of the more definitive TO-15 data, the detected chemical is not 
benzene, but rather a TIC.  Therefore, the TO-3 analytical results for benzene in the samples 
from SV-303-02 are reported as “TIC” in Table A-2. 

To verify seal integrities during sampling, the helium concentration reported by the laboratory in 
the Summa canister sample was compared to the final helium concentration measured in the 
shroud (Table A-3 in Attachment A-2).  The project-specific SAP states that if the concentration 
in the canister exceeded 5 percent of the shroud concentration, then the analytical results of the 
affected sample were adjusted to account for leakage.  One sample (SV-303-1-D collected in 
August 2010) contained a helium concentration greater than 5 percent of the helium 
concentration under the shroud during sampling.  Therefore, the concentrations of BTEX and 
GRO (all nondetect values) have been corrected to account for the dilution effect caused by 
leakage into the sampling train. 

Physical Testing Results 

PTS Laboratory in Santa Fe Springs, California, conducted the physical tests on the soil sample 
collected for this project.  The bulk density, total porosity, and water-filled porosity were 
reported as 1.37 g/cc, 49.3 percent, and 13.6 percent.  These parameters were used as inputs for 
vapor transport modeling.  The laboratory results are provided in Attachment A-4. 

Project Quality Objectives Assessment 

This section evaluates how the project quality objectives in the SAP Worksheet #11 (U.S. Navy 
2010) were satisfied.  The project quality objectives were identified as seven steps in the SAP 
and are italicized here.  The evaluation of how each step was addressed is provided immediately 
following each step. 
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Table A-2 
Summary of Analytical Results in Soil Vapor, Area 303 

Method Analyte 

SV-303-1-
A SV-303-1-B SV-303-1-C SV-303-1-D SV-303-2-A SV-303-2-B SV-303-2-C SV-303-2-D SV-303-3-A 

08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 

TO-15 1,1,1-TRICHLOROETHANE - 5.9 U - 5.9 U - 5.8 U - 59 U - 290 U - 6,100 U - 5,800 U - 6 U 
TO-15 1,1,2,2-TETRACHLOROETHANE - 7.4 U - 7.4 U - 7.3 U - 74 U - 360 U - 7,700 U - 7,300 U - 7.6 U 
TO-15 1,1,2-TRICHLORO-1,2,2-

TRICHFLUOROETHANE 
- 8.3 U - 8.3 U - 8.2 U - 83 U - 410 U - 8,600 U - 8,200 U - 8.4 U 

TO-15 1,1,2-TRICHLOROETHANE - 5.9 U - 5.9 U - 5.8 U - 59 U - 290 U - 6,100 U - 5,800 U - 6 U 
TO-15 1,1-DICHLOROETHANE - 4.4 U - 4.4 U - 4.3 U - 44 U - 210 U - 4,500 U - 4,300 U - 4.4 U 
TO-15 1,1-DICHLOROETHENE - 4.3 U - 4.3 U - 4.2 U - 43 U - 210 U - 4,400 U - 4,200 U - 4.4 U 
TO-15 1,2,4-TRICHLOROBENZENE - 32 U - 32 U - 32 U - 320 U - 1600 U - 33,000 U - 32,000 U - 33 U 
TO-15 1,2,4-TRIMETHYLBENZENE - 2.9 J - 5.3 U - 5.2 U - 53 U - 260 U - 5,500 U - 2,400 J - 5.4 U 
TO-15 1,2-DIBROMOETHANE - 8.3 U - 8.3 U - 8.2 U - 83 U - 410 U - 8,600 U - 8,200 U - 8.4 U 
TO-15 1,2-DICHLOROBENZENE - 6.5 U - 6.5 U - 6.4 U - 65 U - 320 U - 6,700 U - 6,400 U - 6.6 U 
TO-15 1,2-DICHLOROETHANE - 4.4 U - 4.4 U - 4.3 U - 44 U - 210 U - 4,500 U - 4,300 U - 4.4 U 
TO-15 1,2-DICHLOROPROPANE - 5 U - 5 U - 4.9 U - 50 U - 240 U - 5,200 U - 4,900 U - 5.1 U 
TO-15 1,3,5-TRIMETHYLBENZENE - 0.95 J - 5.3 U - 5.2 U - 53 U - 60 J - 5,500 U - 3,000 J - 5.4 U 
TO-15 1,3-DICHLOROBENZENE - 6.5 U - 6.5 U - 6.4 U - 65 U - 320 U - 6,700 U - 6,400 U - 6.6 U 
TO-15 1,4-DICHLOROBENZENE - 6.5 U - 6.5 U - 6.4 U - 65 U - 320 U - 6,700 U - 6,400 U - 6.6 U 
TO-15 4-METHYL-2-PENTANONE - 1.2 J - 4.4 U - 4.4 U - 44 U - 220 U - 4,600 U - 4,400 U - 4.5 U 
TO-15 BENZENE - 0.68 J - 3.4 U - 3.4 U - 34 U - 170 U - 3,600 U - 3,400 U - 3.5 U 
TO-3 BENZENE TIC - TIC - TIC - TIC - TIC - TIC - TIC - TIC   
TO-15 BROMODICHLOROMETHANE - 7.2 U - 7.2 U - 7.1 U - 72 U - 360 U - 7,500 U - 7,100 U - 7.4 U 
TO-15 BROMOFORM - 11 U - 11 U - 11 U - 110 U - 550 U - 12,000 U - 11,000 U - 11 U 
TO-15 BROMOMETHANE - 4.2 U - 4.2 U - 4.1 U - 42 U - 200 U - 4,300 U - 4,100 U - 4.3 U 
TO-15 CARBON DISULFIDE - 3.4 U - 3.4 U - 3.3 U - 34 U - 160 U - 3,500 U - 3,300 U - 3.4 U 
TO-15 CARBON TETRACHLORIDE - 6.8 U - 6.8 U - 6.7 U - 68 U - 330 U - 7,000 U - 6,700 U - 6.9 U 
TO-15 CHLOROBENZENE - 5 U - 5 U - 4.9 U - 50 U - 240 U - 5,200 U - 670 J - 5.1 U 
TO-15 CHLOROETHANE - 2.8 U - 2.8 U - 2.8 U - 28 U - 140 U - 3,000 U - 2,800 U - 2.9 U 
TO-15 CHLOROFORM - 2.1 J - 1.5 J - 5.2 U - 53 U - 260 U - 5,500 U - 5,200 U - 3 J 
TO-15 CHLOROMETHANE - 8.9 U - 8.9 U - 8.8 U - 89 U - 440 U - 9,200 U - 8,800 U - 9.1 U 
TO-15 CIS-1,2-DICHLOROETHENE - 4.3 U - 4.3 U - 4.2 U - 43 U - 210 U - 4,400 U - 4,200 U - 4.4 U 
TO-15 CIS-1,3-DICHLOROPROPENE - 4.9 U - 4.9 U - 4.8 U - 49 U - 240 U - 5,100 U - 4,800 U - 5 U 
TO-15 DIBROMOCHLOROMETHANE - 9.2 U - 9.2 U - 9.1 U - 92 U - 450 U - 9,500 U - 9,100 U - 9.4 U 
TO-15 DICHLORODIFLUOROMETHANE - 5.3 U - 5.3 U - 5.3 U - 53 U - 260 U - 5,500 U - 5,300 U - 5.4 U 
TO-15 ETHYLBENZENE - 2.1 J - 4.7 U - 2.6 J - 47 U - 230 U - 35,000 - 77,000 - 0.9 J 
TO-3 ETHYLBENZENE 9.7 U - 9.9 U - 9.9 U - 12 U - 150 J - 1,900 U - 37,000 - 25,000   
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Table A-2 (Continued) 
Summary of Analytical Results in Soil Vapor, Area 303 

Method Analyte 

SV-303-1-
A SV-303-1-B SV-303-1-C SV-303-1-D SV-303-2-A SV-303-2-B SV-303-2-C SV-303-2-D SV-303-3-A 

08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 

TO-15 HEXACHLOROBUTADIENE - 46 U - 46 U - 45 U - 460 U - 2300 U - 48,000 U - 45,000 U - 47 U 
TO-15 ISOPROPYLBENZENE - 5 J - 5.3 U - 5.2 U - 7.1 J - 81 J - 94,000 - 320,000 - 1.8 J 
TO-15 M- AND P-XYLENE - 3.8 J - 4.7 U - 2.2 J - 22 J - 130 J - 28,000 - 93,000 - 1.3 J 
TO-3 M- AND P-XYLENE 9.7 U - 9.9 U - 9.9 U - 12 U - 620 U - 2,000 - 45,000 - 15,000 M   
TO-15 METHYL TERT-BUTYL ETHER - 3.9 U - 3.9 U - 3.8 U - 39 U - 190 U - 4,000 U - 3,800 U - 4 U 
TO-15 METHYLENE CHLORIDE - 3.8 U - 3.8 U - 3.7 U - 38 U - 180 U - 3,900 U - 3,700 U - 3.8 U 
TO-15 NAPHTHALENE - 23 U - 23 U - 22 U - 230 UJ - 1100 UJ - 23,000 UJ - 22,000 UJ - 23 U 
TO-15 O-XYLENE - 1.3 J - 4.7 U - 2 J - 47 U - 230 U - 4,900 U - 3,500 J - 4.8 U 
TO-3 O-XYLENE 9.7 U - 9.9 U - 9.9 U - 12 U - 620 U - 2,100 U - 5,000 U - 3,800 U   
TO-15 PROPYLBENZENE - 5.3 U - 5.3 U - 5.2 U - 53 U - 260 U - 5,500 U - 5,200 U - 5.4 U 
TO-15 STYRENE - 4.6 U - 4.6 U - 4.5 U - 46 U - 220 U - 4,800 U - 4,500 U - 4.7 U 
TO-15 TETRACHLOROETHENE - 7.3 U - 7.3 U - 7.2 U - 73 U - 360 U - 3,500 J - 7,200 U - 7.5 U 
TO-15 TOLUENE - 4.1 U - 4.1 U - 4 U - 58 - 200 U - 4,200 U - 4,000 U - 4.1 U 
TO-3 TOLUENE 8.4 U - 8.6 U - 8.6 U - 11 U - 1,200 - 8,700 - 75,000 - 49,000   
TO-15 TPH-C6-C8 ALIPHATICS - 95 NJ - 88 UJ - 87 UJ - - - - - - - - - 90 UJ 
TO-15 TPH-C8-C10 ALIPHATICS - 120 UJ - 120 UJ - 120 UJ - - - - - - - - - 130 UJ 
TO-15 TPH-C8-C10 AROMATICS - 110 UJ - 110 UJ - 100 UJ - - - - - - - - - 110 UJ 
TO-3 TPH-GASOLINE RANGE C6-C10 - 700 U - 470 U - 220 U - 1,100,000 - 12,000,000 - 80,000,000 - 100,000,000 - 220 U 
  290 U - 300 U - 460 U - 359 U - 4,100,000 - 13,000,000 - 96,000,000 - 91,000,000   
TO-15 TRANS-1,2-DICHLOROETHENE - 4.3 U - 4.3 U - 4.2 U - 43 U - 210 U - 4,400 U - 4200 U - 4.4 U 
TO-15 TRANS-1,3-DICHLOROPROPENE - 4.9 U - 4.9 U - 4.8 U - 49 U - 240 U - 5,100 U - 4800 U - 5 U 
TO-15 TRICHLOROETHENE - 5.8 U - 5.8 U - 5.7 U - 58 U - 280 U - 6,000 U - 5700 U - 5.9 U 
TO-15 TRICHLOROFLUOROMETHANE - 6.1 U - 6.1 U - 6 U - 61 U - 300 U - 6,300 U - 6000 U - 6.2 U 
TO-15 VINYL CHLORIDE - 2.8 U - 2.8 U - 2.7 U - 28 U - 140 U - 2,900 U - 2700 U - 2.8 U 
D1946 HELIUM - 0.28 U - 0.16 U - 0.30 - 0.11 U - 0.14 U - 0.11 U - 0.11 U - 0.14 U 
  0.11 U - 0.11 U - 0.11 U - 6.9   0.11 U   0.11 U   0.11 U   0.11 U   
aChemical concentrations reported by the laboratory were adjusted because helium concentrations in the sample were 22 percent of the helium concentration under the sampling shroud.  Therefore, sample results have been divided by 0.78. 
Notes: 
All concentrations are in µg/m3, except for helium concentrations, which are given in percent. 
J - The analyte is an estimated value. 
M - The analyte may have a high bias caused by matrix interference contribution. 
NJ - This analyte is "tentatively identified" at an approximate concentration. 
TIC - Benzene concentrations in samples from soil vapor probes at SV-303-2 reported by Method TO-3 (gas chromatograph/photoionization device) are likely caused by another compound that elutes at the same time as benzene.  Tentatively identified compound 2-methylbutanol was identified 
using TO-15 (gas chromatograph/mass spectrometer).  A mass spectrometer used in TO-15 is more definitive than a photoionization device, which is less selective.  2-Methylbutanol elutes at nearly the same retention time as benzene. 
U - not detected above the reporting limit 
UJ - not detected above an estimated reporting limit 
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Step 1:  State the problem.  GRO and VOC concentrations in soil vapor are unknown in the area 
of future commercial/industrial land use and the area bordering existing residential land use. 

How Step 1 was addressed:  This step was addressed as part of the SAP preparation.  The 
problem was identified in the SAP. 

Step 2:  Identify the decision.  Is the 2008 focused feasibility study preferred alternative 
(monitored natural attenuation and institutional controls with free-phase product recovery) 
protective after considering vapor intrusion risks to residents and potential future occupants of 
commercial/industrial buildings after obtaining GRO and VOC vapor concentrations in soil?  Is 
a different alternative required? 

How Step 2 was addressed:  The supplemental risk assessment (this document) evaluated the 
analytical results of the soil vapor sampling to calculate the human health risks from vapor 
intrusion under residential and commercial/industrial exposure scenarios.  As documented in the 
subsequent sections of this document, no unacceptable human health risk was calculated from 
exposure to chemicals in indoor air.  However, there could be an unacceptable risk to the 
construction worker who would work under certain conditions.  The revised focused feasibility 
study for this project may be adequate with some adjustments to institutional controls. 

Step 3:  Identify the inputs to the decision.  Soil vapor samples will be collected from three 
locations (Figure 3 of the SAP) above the locations of higher concentrations of GRO and VOC 
detections in the groundwater west of Main Road  and the area bordering  residential reuse 
areas.  Each location will consist of four nested vapor monitoring points at depths of 5, 10, 15, 
and 20 feet bgs.  Results will be used in the risk assessment model to evaluate risk to potential 
future residents from vapor intrusion. 

How Step 3 was addressed:  Four nested vapor monitoring wells were installed at locations SV-
303-1 and SV-303-2.  At location SV-303-3, only the shallowest soil vapor probe could be 
installed because the groundwater surface was approximately 6 to 7 feet bgs.  Installation 
attempts were made at four different locations within 300 feet of the original SV303-3 location.  
However, shallow groundwater prevented the installation of nested soil vapor probes at intervals 
deeper than 5 feet bgs.  This field change is documented as FCR No. 1, as described in the 
section “Deviations from Project Plan.”  Results were used in the risk assessment model to 
evaluate human health risks from vapor intrusion. 

Step 4:  Define the study boundaries.  As shown in Figure 3 [in the SAP], soil vapor samples 
will be collected from within Area 303 above the locations of higher concentrations of GRO and 
VOC detections in the groundwater west of main road and areas bordering  residential reuse 
areas east of main road.  The timing of the sampling is discussed in Step 7. 
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How Step 4 was addressed:  Please refer to how Step 3 was addressed. 

Step 5:  Develop a decision rule.  If vapor intrusion modeling, based on the data collected as 
specified herein, indicates that there is no excess risk due to potential vapor intrusion, the 2008 
focused feasibility study preferred alternative is protective.  If the vapor intrusion modeling 
indicates that there is potential excess risk, the 2008 focused feasibility study preferred 
alternative is not protective for residential or potential commercial/industrial land use scenarios. 

How Step 5 was addressed:  The vapor intrusion modeling indicates that there is no unacceptable 
risk from vapor intrusion under the residential land use scenario east of Main Road and the 
commercial/industrial scenario west of Main Road on the evaluation of the soil vapor sampling 
results.  However, based on the construction worker scenario, there is an unacceptable risk based 
on the evaluation of the soil vapor sampling results. 

Step 6:  Specify limits on decision errors.  Analytical performance criteria are specified on 
Worksheet #12.  All data will be verified for completeness and subjected to full, independent 
validation. 

How Step 6 was addressed:  The analytical laboratory met the analytical performance criteria for 
specified analytical methods (see the “Data Usability Assessment” section).  All data were 
verified for completeness and were 100 percent validated by a third party (see data validation 
report in Attachment A-5). 

Step 7:  Optimize the sampling design.  The data will be collected during a single sampling 
event in July 2010.  Twelve soil vapor probes will be installed as planned.  Coordinates for each 
boring location will be recorded using a Global Positioning System (GPS) unit.  One soil vapor 
field duplicate sample will be collected from one of the 12 soil vapor monitoring points to assess 
field collection methods. 

How Step 7 was addressed:  Initial sampling was conducted in July 2010 according to the 
project-specific SAP (U.S. Navy 2010), and re-sampling occurred in August 2010 as explained 
in FCR No. 2 (Attachment A-3) and in the “Deviations from Project Plan” section.  Nine soil 
vapor monitoring points, rather than 12, were installed.  Shallow groundwater prevented three 
soil vapor probes from being installed at SV-303-3, as explained in FCR No. 1 (Attachment A-3) 
and in the “Deviations from Project Plan” section.  The three soil vapor sampling locations were 
placed at the coordinates specified on Figure 2-2 (in the main body of the report).  One field 
duplicate was collected during each of the two sampling events. 
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Attachment A-1 
Boring Logs and Soil Vapor Probe Construction Logs



BORING NO. SV-303-1-D

Sheet 1 of 1

Date(s)
Drilled

Logged
By

Drill Bit Size/ 
Type

Total Borehole 
Depth

Drilling 
Contractor

Drill Rig
Type

Sampling 
Method(s)

Hammer
Data

Level/
Date Measured

Surface
Elevation

T
yp

e

ID

B
lo

w
s/

ft

O
V

M
 

(p
pm

)

0 Gravel, start hand clearing 1800
SP Brown fine sand

1

2

3

4

5 SS -5 2 SP Brown fine sand, loose, dry, no staining, no hydrocarbon odor 1830
4

6 4

7

8

9

1840
10 SS -10 4 SP Brown fine sand, loose, dry, no staining, no hydrocarbon odor

4
11 4

12

13

14

15 SS -15 2 SP Brown fine sand, loose, dry, no staining, no hydrocarbon odor 1850
4

16 4

17

18

19

20 SS -20 3 SP Brown fine sand, loose, dry, no staining, no hydrocarbon odor 1900

E
le

va
tio

n
 (

ft)

20'

SPT

MATERIAL DESCRIPTION

D
e

p
th

 (
ft)

140#

SAMPLES

G
ra

p
h

ic
 L

o
g

NA NA

Project:  DO 07, Area 303 Remedial Design/Work Plans

Project Number: 33762007
Project Location:  Area 303, Adak, Alaska

Location Sketch

LATwgs84 = 51.86757  LONwgs84 = -176.64233
This boring log presents representive geologic descriptions for all borings 
that are within a few feet of this boring at location SV303-1.

U
S

C
S REMARKS AND OTHER 

TESTS

7/10/10

2.25" ID, 4.75" OD HSA

Denali

IPV

Geoprobe 6610DT
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BORING NO. SV-303-2-D

Sheet 1 of 1

Date(s)
Drilled

Logged
By

Drill Bit Size/ 
Type

Total Borehole 
Depth

Drilling 
Contractor

Drill Rig
Type

Sampling 
Method(s)

Hammer
Data

Level/
Date Measured

Surface
Elevation

T
yp

e

ID

B
lo

w
s/

ft

O
V

M
 

(p
pm

)

0 Organic layer, hand clear to 3' bgs 820
SP Brown fine sand

1

2

3

4

5 SS -5 16 25 SP Gray fine sand, dry, medium dense, no staining, very slight 830
24 hydrocarbon odor

6 21

7

8

9

10 SS -10 2 300 SP Gray fine sand, moist, increase in moisture @ 11.5', moderate 850
6 staining, strong hydrocarbon odor

11 10

12

13

14

15 SS -15 5 1500 SP Gray fine sand, loose, dry, no staining, strong hydrocarbon odor 910
7

16 6

17

18

19

20 SS -20 4 600 SP Gray fine sand, loose, dry, no staining, strong hydrocarbon odor 915

U
S

C
S REMARKS AND OTHER 

TESTS

7/9/10

2.25" ID, 4.75" OD HSA

Denali

IPV

Geoprobe 6610DT

Project:  DO 07, Area 303 Remedial Design/Work Plans

Project Number: 33762007
Project Location:  Area 303, Adak, Alaska

Location Sketch

LATwgs84 = 51.86768  LONwgs84 = -176.64403
This boring log presents representive geologic descriptions for all borings 
that are within a few feet of this boring at location SV303-2.

E
le
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tio

n
 (

ft)

20.5'

SPT

MATERIAL DESCRIPTION

D
e

p
th

 (
ft)

140#

SAMPLES

G
ra

p
h

ic
 L

o
g

NA NA
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BORING NO. SV-303-3-D

Sheet 1 of 1

Date(s)
Drilled

Logged
By

Drill Bit Size/ 
Type

Total Borehole 
Depth

Drilling 
Contractor

Drill Rig
Type

Sampling 
Method(s)

Hammer
Data

Level/
Date Measured

Surface
Elevation

T
yp

e

ID

B
lo

w
s/

ft

O
V

M
 

(p
pm

)

0 Organic layer, start hand clearing to 3' bgs 1400
GP

1 Gravel, coarse

2

3 SP Fine sand

4

5 SS -5 5 0 SP Gray fine sand, loose, dry, no staining, no hydrocarbon odor 1425
7

6 7

7

8

9

10 SS -10 7 200 SP Gray fine sand, wet, no staining, strong hydrocarbon odor 1435
13

11 12

12

13

14 driller states 5' of
water at 15' bgs

15 SS -15 7 80 SP Gray fine sand, wet, no staining, strong hydrocarbon odor 1450
6

16 5 ML Brown silt with organic material, wet

17

18

19 3' of heave
1520  Dealing with 

20 SS -20 2 - SP Gray fine sand, wet, sloughing removing sand-

E
le

va
tio

n
 (

ft)

20'

SPT

MATERIAL DESCRIPTION

D
e

p
th

 (
ft)

140#

SAMPLES

G
ra

p
h

ic
 L

o
g

NA NA

Project:  DO 07, Area 303 Remedial Design/Work Plans

Project Number: 33762007
Project Location:  Area 303, Adak, Alaska

Location Sketch

Note: After three other attempts to avoid shallow groundwater at various 
locations, one soil vapor probe was installed at this location at a depth of 5' 
bgs.

LATwgs84 = 51.86960  LONwgs84 = -176.64146

U
S

C
S REMARKS AND OTHER 

TESTS

7/9/10

2.25" ID, 4.75" OD HSA

Denali

IPV

Geoprobe 6610DT

Q:\DO 07 - Area 303 RD Work Plan\09 Reports & Deliverables\R-3 Deliverables\Risk Assessment\Draft Final Risk Assessment\Attachment A-1 - Boring Logs(SV-303-3-D)
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BORING NO. SV-303-3-D attempt 2

Sheet 1 of 1

Date(s)
Drilled

Logged
By

Drill Bit Size/ 
Type

Total Borehole 
Depth

Drilling 
Contractor

Drill Rig
Type

Sampling 
Method(s)

Hammer
Data

Level/
Date Measured

Surface
Elevation

T
yp

e

ID

B
lo

w
s/

ft

O
V

M
 

(p
pm

)

0 Gravel, start hand clearing to 3' bgs 1740
GP Gravel

1

2

3 SP Fine sand

4

5 SS -5 5 0 SP Brown to gray fine sand, loose, dry, no staining,  1750
5 no hydrocarbon odor

6 5

7

8

9

10 SS -10 11 200 SP Gray fine sand, wet, no staining, strong hydrocarbon odor 1800
10

11 5

12 Sampler stuck due 
to heave

13

14

15 SS -15 Sampler stuck - refusal - too much heave from water - borehole
abandoned

16

17

18

19

20 SS

U
S

C
S REMARKS AND OTHER 

TESTS

7/9/10

2.25" ID, 4.75" OD HSA

Denali

IPV

Geoprobe 6610DT

Project:  DO 07, Area 303 Remedial Design/Work Plans

Project Number: 33762007
Project Location:  Area 303, Adak, Alaska

Location Sketch

50 feet southwest of originally planned location SV-303-3

E
le
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tio

n
 (

ft)

15'

SPT

MATERIAL DESCRIPTION

D
e

p
th

 (
ft)

140#

SAMPLES

G
ra

p
h

ic
 L

o
g

NA NA
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BORING NO. SV-303-3-D attempt 3

Sheet 1 of 1

Date(s)
Drilled

Logged
By

Drill Bit Size/ 
Type

Total Borehole 
Depth

Drilling 
Contractor

Drill Rig
Type

Sampling 
Method(s)

Hammer
Data

Level/
Date Measured

Surface
Elevation

T
yp

e

ID

B
lo

w
s/

ft

O
V

M
 

(p
pm

)

0 Gravel, start hand clearing to 3' bgs 1850
GP Gravel

1

2

3

4

5 SS -5 2 0 SP Brown to gray fine sand, loose, dry, no staining,  1910
4 no hydrocarbon odor

6 4
Driller said water is 

7 in the boring at 8' bgs

8

9

10 SS -10 5 18 SP Gray fine sand, wet, no staining, strong hydrocarbon odor 1915
4

11 5

12

13

14

15 SS -15 7 10 SP Sampler stuck - refusal - too much heave from water - borehole 1925
5 abandoned

16 9 ML

17

18

19

20 SS Sampler stuck, heave - refusal 1945

E
le

va
tio

n
 (

ft)

20'

SPT

MATERIAL DESCRIPTION

D
e

p
th

 (
ft)

140#

SAMPLES

G
ra

p
h

ic
 L

o
g

NA NA

Project:  DO 07, Area 303 Remedial Design/Work Plans

Project Number: 33762007
Project Location:  Area 303, Adak, Alaska

Location Sketch

~ 60 to 70' west of originally planned location SV-303-3

U
S

C
S REMARKS AND OTHER 

TESTS

7/9/10

2.25" ID, 4.75" OD HSA

Denali

IPV

Geoprobe 6610DT
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Att3)
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BORING NO. SV-303-3-D attempt 4

Sheet 1 of 1

Date(s)
Drilled

Logged
By

Drill Bit Size/ 
Type

Total Borehole 
Depth

Drilling 
Contractor

Drill Rig
Type

Sampling 
Method(s)

Hammer
Data

Level/
Date Measured

Surface
Elevation

T
yp

e

ID

B
lo

w
s/

ft

O
V

M
 

(p
pm

)

0 Organic layer, start hand clearing to 3' bgs 2235
SP Fine sand

1

2 GP Gravel fill

3

4

5 SS -5 5 0 SP Darl brown fine sand, loose, moist to wet, no staining,  2250
5 no hydrocarbon odor

6 5

7 Driller indicates silt zone at ~6.5 to 7' bgs

8

~8.5 to 9' bgs bis a rocky zone
9

10 SS -10 5 18 SP Sampler stuck due to heave - boreho;e abandoned 2310
4 DTW = 5.7' bgs

11 5

12

13

14

15

16

17

18

19

20

U
S

C
S REMARKS AND OTHER 

TESTS

7/10/10

2.25" ID, 4.75" OD HSA

Denali

IPV

Geoprobe 6610DT

Project:  DO 07, Area 303 Remedial Design/Work Plans

Project Number: 33762007
Project Location:  Area 303, Adak, Alaska

Location Sketch

~ 300' west of the originally planned location SV-303-3

E
le

va
tio

n
 (

ft)

10'

SPT

MATERIAL DESCRIPTION

D
e

p
th

 (
ft)

140#

SAMPLES

G
ra

p
h

ic
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o
g

NA NA
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Att4)
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Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

NA

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/10/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

20:48

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips

–

5

5.5 ft

–
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17
/1

0

IPV 5.5

––

Type of Backfill:

Teflon  tubing

4'-5' bgs

Flush mount monument

0.5

–

3.5

SV-303-1-A
SOIL VAPOR PROBE

4

5

ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

Bentonite chips/cuttings

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/10/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

21:40

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips

–

9.5

10 ft

–

S
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0

IPV 10

––

Type of Backfill:

Teflon  tubing

8.5'-9.5' bgs

Flush mount monument

0.5

5

8

SV-303-1-B
SOIL VAPOR PROBE

8.5

9.5

ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

Bentonite chips/cuttings

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/10/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

19:50

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips

–

14.5

15 ft

–
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IPV 15

––

Type of Backfill:

Teflon  tubing

13.5'-14.5' bgs

Flush mount monument

0.5

10

13

SV-303-1-C
SOIL VAPOR PROBE

13.5

14.5

ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

Bentonite chips/cuttings

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/10/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

19:20

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips

–

19.5

20 ft

–
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IPV 20

––

Type of Backfill:

Teflon  tubing

18.5'-19.5' bgs

Flush mount monument

0.5

15

18

SV-303-1-D
SOIL VAPOR PROBE

18.5

19.5

ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

NA

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/9/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

11:40

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips

–

5

5.5 ft

–

S
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SOIL VAPOR PROBE
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ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

Bentonite chips/cuttings

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/9/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

12:20

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips

–
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Type of Backfill:
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SOIL VAPOR PROBE
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ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

Bentonite chips/cuttings

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/9/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

10:50

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips
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Type of Backfill:

Teflon  tubing

13.5'-14.5' bgs

Flush mount monument
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SV-303-2-C
SOIL VAPOR PROBE
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14.5

ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

Bentonite chips/cuttings

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/9/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

09:20

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:

Fine Sand

Bentonite chips
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Type of Backfill:

Teflon  tubing

19'-20' bgs

Flush mount monument
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SV-303-2-D
SOIL VAPOR PROBE
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ID/Type of Riser Pipe:



Area 303

ft

Project Number:   33762003

Total Depth (ft)

10/20 Colorado silica sand

Depth of Riser Below Ground Surface:

Well Location

0.15 mm

NA

ftDepth of Bottom of Screen:

Screen Slot Size:

Boring Diameter:

Method of Installation

4.75 inches

ft

12" stainless steel

Total Depth of Boring:

ft

Elevation of Top of Riser Pipe:

Type of Seal:

Project:  DO 0007 – Soil Vapor

HSA 2.25" ID

7/11/10

Denali Drilling

Remarks

Installed By

CONSTRUCTION LOG FOR

08:20

ft

Screened Interval

Project Location:  Adak, Alaska

ft

NOTE:  DIAGRAM IS NOT TO SCALE

Concrete

Depth of Surface Seal:

Depth of Top of Filter Pack:

Ground Elevation:

Depth of Top of Screen:

Type of Surface Seal:

10/20 Colorado silica sand

ID/Type of Surface Casing:

Depth of Seal:

Type/Depth of Backfill/Seal Below Well:

Depth of Bottom of Plugged Blank Casing:

Date(s) Installed

–

Observed By

Completion Zone

Type of Filter Pack:

Time

ID/Type of Screen:
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SV-303-3-A
SOIL VAPOR PROBE
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ID/Type of Riser Pipe:



 

 

Attachment A-2 
Field Data Summary for 2010 Soil Vapor Sampling



Location Date

Volume
(L)

PID
(ppm)

Helium
(ppmv)

O2
(% vol)

CO2
(%vol)

Methane
(% vol)

Time
(24 hr)

Barometric 
Pressure (in)

Helium (shroud)
(%)

Flow Rate
(mL/min)

SV-303-1-A 8/27/2010 0 ─ ─ ─ ─ ─ 1452 29.75 28.5 192
SV-303-1-A 8/27/2010 ~1 788 0 16.1 3.8 8.1 1502 29.75 10.1 192
SV-303-1-A 8/27/2010 ~2 231 0 16.5 4.1 1.2 1512 29.75 3.0 192
SV-303-1-B 8/27/2010 0 ─ ─ ─ ─ ─ 1524 29.75 30.7 192
SV-303-1-B 8/27/2010 ~1 226 0 15.0 4.6 0.9 1535 29.75 9.6 192
SV-303-1-B 8/27/2010 ~2 148 0 14.2 5.1 0.5 1545 29.77 7.7 192
SV-303-1-C 8/27/2010 0 ─ ─ ─ ─ ─ 1557 29.75 31.7 192
SV-303-1-C 8/27/2010 ~1 192 0 12.9 5.6 0.5 1608 29.77 12.2 192
SV-303-1-C 8/27/2010 ~2 136 0 13.1 5.6 0.4 1618 29.78 5.8 192
SV-303-1-D 8/27/2010 0 ─ ─ ─ ─ ─ 1632 29.78 30.8 192
SV-303-1-D 8/27/2010 ~1 158 ─ 12.6 5.1 0.5 1642 29.77 ─ 192
SV-303-1-D 8/27/2010 ~2 69.7 ─ 11.7 4.8 0.3 1652 29.77 ─ 192
SV-303-2-A 8/27/2010 0 ─ ─ ─ ─ ─ 930 29.71 9.5 192
SV-303-2-A 8/27/2010 ~1 176 0 3.3 3.3 1.6 940 29.72 10.3 192
SV-303-2-A 8/27/2010 ~2 229 0 2.0 3.5 2.2 955 29.73 4.9 192
SV-303-2-B 8/27/2010 0 ─ ─ ─ ─ ─ 1015 29.72 13.3 192
SV-303-2-B 8/27/2010 ~1 495 0 4.3 2.6 12.2 1025 29.72 3.5 192
SV-303-2-B 8/27/2010 ~2 565 0 2.7 2.9 19.5 1035 29.72 10.4 192
SV-303-2-C 8/27/2010 0 ─ ─ ─ ─ ─ 1135 29.74 19.5 192
SV-303-2-C 8/27/2010 ~1 838 0 7.0 4.8 >80 1147 29.74 6.8 192
SV-303-2-C 8/27/2010 ~2 924 0 3.6 5.6 >80 1157 29.74 2.5 192
SV-303-2-D 8/27/2010 0 ─ ─ ─ ─ ─ 1055 ─ 15.8 192
SV-303-2-D 8/27/2010 ~1 791 0 9.1 4.3 >80 1105 29.72 4.0 192
SV-303-2-D 8/27/2010 ~2 742 0 3.1 5.1 >80 1115 29.74 11.8 192
SV-303-1-A 7/15/2010 1 28.9 22,000 2.5 3 0 1202 0.008 17.3 192
SV-303-1-A 7/15/2010 2 18.5 14,075 17.2 3.3 0 1208 0.007 21.0 192
SV-303-1-A 7/15/2010 3 16.6 825 16.5 3.3 0 1215 0.007 55.0 192
SV-303-1-B 7/15/2010 1 192 0 14.0 4.9 0.4 1008 0.013 10.8 192
SV-303-1-B 7/15/2010 2 115 0 14.2 5.0 0 1014 0.010 5.2 192
SV-303-1-B 7/15/2010 3 174 0 14.0 4.7 0.1 1021 0.010 3.6 192
SV-303-1-C 7/15/2010 1 50.9 0 13.6 5.2 0 1134 0.010 15.7 192
SV-303-1-C 7/15/2010 2 45.8 0 13.2 5.5 0 1140 0.010 18.4 192

Field Parameters for Soil Vapor Sampling Summary, Area 303 
Table A-2



Location Date

Volume
(L)

PID
(ppm)

Helium
(ppmv)

O2
(% vol)

CO2
(%vol)

Methane
(% vol)

Time
(24 hr)

Barometric 
Pressure (in)

Helium (shroud)
(%)

Flow Rate
(mL/min)

Field Parameters for Soil Vapor Sampling Summary, Area 303 
Table A-2

SV-303-1-C 7/15/2010 3 47.9 0 13.5 5.3 0 1146 0.009 28.3 192
SV-303-1-D 7/15/2010 1 75.9 7,000 12.6 5.7 0 1049 0.010 50.0 192
SV-303-1-D 7/15/2010 2 69.6 10,000 13.2 5.5 0 1057 0.010 47.7 192
SV-303-1-D 7/15/2010 3 59.9 11,000 13.1 5.7 0 1104 0.010 44.9 192
SV-303-2-A 7/14/2010 1 162 0 21.4 1.2 1.3 1318 0.007 6.4 192
SV-303-2-A 7/14/2010 2 181 0 20.2 1.2 1.3 1348 0.004 7.4 192
SV-303-2-A 7/14/2010 3 169 0 20.3 1.2 1.3 1405** 0.006 25.7 192
SV-303-2-B 7/14/2010 1 567 0 6.2 2.4 19.6 1435 0.006 14.3 192
SV-303-2-B 7/14/2010 2 573 0 11.4 2.3 19.5 1440 0.005 11.8 192
SV-303-2-B 7/14/2010 3 590 0 9.6 2.4 20.1 1445 0.006 18.9 192
SV-303-2-C 7/14/2010 1 674 0 * * * 1517 0.005 6.1 192
SV-303-2-C 7/14/2010 2 645 0 5.0 4.7 too high 1524 0.002 5.4 192
SV-303-2-C 7/14/2010 3 646 0 6.5 4.5 too high 1532 0.003 6.6 192
SV-303-2-D 7/14/2010 1 635 0 3.1 4.6 too high 1558 0.003 10.1 192
SV-303-2-D 7/14/2010 2 663 0 2.9 5.0 too high 1605 0.003 11.2 192
SV-303-2-D 7/14/2010 3 663 0 1.7 5.0 too high 1612 0.003 9.1 192
SV-303-3-A 7/14/2010 1 663 0 17.1 2.4 2.5 1723 0.006 5.0 192
SV-303-3-A 7/14/2010 2 670 0 16.9 2.4 0.4 1729 0.007 3.5 192
SV-303-3-A 7/14/2010 3 623 0 16.9 2.4 0.3 1735 0.006 11.5 192

Notes:

** - Time according to log book, because time not provided on soil vapor sampling data sheet
* - First reading not taken correctly



Location Date
Volume

(L)

Helium, Field 
Measurement 

(%)

Helium, Lab 
Results

(%) Data Qualifier

Helium under 
shroud

(%)

Helium 
Lab/Helium 
shroud (%)

SV-303-01A 8/27/2010 ~2 0 0.11 U 3.0 NA
SV-303-01B 8/27/2010 ~2 0 0.11 U 7.7 NA
SV-303-01C 8/27/2010 ~2 0 0.11 U 5.8 NA
SV-303-01D 8/27/2010 ~2 0 6.9 - 30.8* 22
SV-303-02A 8/27/2010 ~2 0 0.11 U 4.9 NA
SV-303-02B 8/27/2010 ~2 0 0.10 U 10.4 NA
SV-303-02C 8/27/2010 ~2 0 0.11 U 2.5 NA

SV-303-02C (DUP) 8/27/2010 ~2 0 0.11 U 2.5 NA
SV-303-02D 8/27/2010 ~2 0 0.11 U 11.8 NA
SV-303-01A 7/15/2010 3 0.000825 0.0043 J 55.0 0.01
SV-303-01B 7/15/2010 3 0 0.28 U 3.6 NA
SV-303-01C 7/15/2010 3 0 0.16 U 28.3 NA
SV-303-01D 7/15/2010 3 0.011 0.14 U 44.9 NA

SV-303-01D (DUP) 7/15/2010 3 0.011 0.30 J 44.9 0.7
SV-303-02A 7/14/2010 3 0 0.11 U 25.7 NA
SV-303-02B 7/14/2010 3 0 0.14 U 18.9 NA
SV-303-02C 7/14/2010 3 0 0.11 U 6.6 NA
SV-303-02D 7/14/2010 3 0 0.11 U 9.1 NA
SV-303-03A 7/14/2010 3 0 0.14 U 11.5 NA

Notes:

J - estimated 
U - not detected at the reported limit
NA - Not applicable because helium was not detected in the Summa canister.

Table A-3
Comparison of Helium Concentrations in Sample and Under the Sampling Shroud, Area 303

* - First reading used because final reading was not recorded.

Bolded value means that the  helium concentration in the sample exceeded 5% of the helium concentration in the air under the shroud.  
Therefore, mass-balanced calculations were performed to correct the reported GRO and VOC concentrations for the amount of leakage.





































 

 

Attachment A-3 
Field Change Request Forms for 2010 Soil Vapor Sampling









 

 

Attachment A-4 
Laboratory Results for 2010 Soil Vapor Sampling



Ms. Josie Smith
URS Corporation
1501 4th Avenue
Suite 1400
Seattle, WA  98101-1616

WORK ORDER #: 1007373A

CLIENT: BILL TO: 

PHONE:

 Accounts Payable Austin
URS Corporation
P.O. BOX 203970
Austin, TX  78720-1088

206-438-2168
206-438-2699
07/16/2010

DATE COMPLETED: 07/29/2010

P.O. #

PROJECT # 33762003 Adak

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Karen Lopez

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A SV-303-2-A Modified TO-15 2.0 "Hg 15 psi
02A SV-303-2-B Modified TO-15 1.5 "Hg 15 psi
03A SV-303-2-C Modified TO-15 3.0 "Hg 15 psi
03AA SV-303-2-C Lab Duplicate Modified TO-15 3.0 "Hg 15 psi
04A SV-303-2-D Modified TO-15 1.5 "Hg 15 psi
05A SV-303-3-A Modified TO-15 2.5 "Hg 15 psi
06A SV-303-1-B Modified TO-15 2.0 "Hg 15 psi
06AA SV-303-1-B Lab Duplicate Modified TO-15 2.0 "Hg 15 psi
07A SV-303-1-D Modified TO-15 1.5 "Hg 15 psi
08A SV-303-1-C Modified TO-15 2.0 "Hg 15 psi
09A(cancelled) SV-303-1A Modified TO-15 15 psi
10A SV-303-1-E Modified TO-15 1.5 "Hg 15 psi
11A FIELD BLANK Modified TO-15 0.5 "Hg 15 psi
12A Lab Blank Modified TO-15 NA NA
12B Lab Blank Modified TO-15 NA NA
13A CCV Modified TO-15 NA NA
13B CCV Modified TO-15 NA NA

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

Page  2 of 59

Continued on next page
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Ms. Josie Smith
URS Corporation
1501 4th Avenue
Suite 1400
Seattle, WA  98101-1616

WORK ORDER #: 1007373B

CLIENT: BILL TO: 

PHONE:

 Accounts Payable Austin
URS Corporation
P.O. BOX 203970
Austin, TX  78720-1088

206-438-2168
206-438-2699
07/16/2010

DATE COMPLETED: 08/12/2010

P.O. #

PROJECT # 33762003 Adak

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Karen Lopez

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A(cancelled) SV-303-2-A Modified TO-15 APH 2.0 "Hg 15 psi
01B(cancelled) SV-303-2-A Modified TO-15 APH 2.0 "Hg 15 psi
02A(cancelled) SV-303-2-B Modified TO-15 APH 1.5 "Hg 15 psi
02B(cancelled) SV-303-2-B Modified TO-15 APH 1.5 "Hg 15 psi
03A(cancelled) SV-303-2-C Modified TO-15 APH 3.0 "Hg 15 psi
03B(cancelled) SV-303-2-C Modified TO-15 APH 3.0 "Hg 15 psi
04A(cancelled) SV-303-2-D Modified TO-15 APH 1.5 "Hg 15 psi
04B(cancelled) SV-303-2-D Modified TO-15 APH 1.5 "Hg 15 psi
05A SV-303-3-A Modified TO-15 APH 2.5 "Hg 15 psi
05B SV-303-3-A Modified TO-15 APH 2.5 "Hg 15 psi
06A SV-303-1-B Modified TO-15 APH 2.0 "Hg 15 psi
06AA SV-303-1-B Lab Duplicate Modified TO-15 APH 2.0 "Hg 15 psi
06B SV-303-1-B Modified TO-15 APH 2.0 "Hg 15 psi
06BB SV-303-1-B Lab Duplicate Modified TO-15 APH 2.0 "Hg 15 psi
07A SV-303-1-D Modified TO-15 APH 1.5 "Hg 15 psi
07B SV-303-1-D Modified TO-15 APH 1.5 "Hg 15 psi
08A SV-303-1-C Modified TO-15 APH 2.0 "Hg 15 psi

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020
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Ms. Josie Smith
URS Corporation
1501 4th Avenue
Suite 1400
Seattle, WA  98101-1616

WORK ORDER #: 1007373B

CLIENT: BILL TO: 

PHONE:

 Accounts Payable Austin
URS Corporation
P.O. BOX 203970
Austin, TX  78720-1088

206-438-2168
206-438-2699
07/16/2010

DATE COMPLETED: 08/12/2010

P.O. #

PROJECT # 33762003 Adak

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Karen Lopez

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

08B SV-303-1-C Modified TO-15 APH 2.0 "Hg 15 psi
09A(cancelled) SV-303-1A Modified TO-15 APH 15 psi
09B(cancelled) SV-303-1A Modified TO-15 APH 15 psi
10A SV-303-1-E Modified TO-15 APH 1.5 "Hg 15 psi
10B SV-303-1-E Modified TO-15 APH 1.5 "Hg 15 psi
11A FIELD BLANK Modified TO-15 APH 0.5 "Hg 15 psi
11B FIELD BLANK Modified TO-15 APH 0.5 "Hg 15 psi
12A Lab Blank Modified TO-15 APH NA NA
12B Lab Blank Modified TO-15 APH NA NA
13A CCV Modified TO-15 APH NA NA
13B CCV Modified TO-15 APH NA NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/09, Expiration date: 06/30/10

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                         08/12/10

Page  3 of 25

This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, 
NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719



Client Sample ID: SV-303-3-A
Lab ID#: 1007373B-05A

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072609aFile Name:
Dil. Factor: 2.20

Date of Collection:  7/14/10 5:38:00 PM
Date of Analysis:  7/26/10 03:14 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

22 Not Detected NJ 90 Not Detected NJ>C6-C8 Aliphatic Hydrocarbons 
(ref. to Heptane)

22 Not Detected NJ 130 Not Detected NJ>C8-C10 Aliphatic Hydrocarbons 
(ref. to Decane)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-3-A
Lab ID#: 1007373B-05B

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072609cFile Name:
Dil. Factor: 2.20

Date of Collection:  7/14/10 5:38:00 PM
Date of Analysis:  7/26/10 03:14 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

22 Not Detected NJ 110 Not Detected NJ>C8-C10 Aromatic Hydrocarbons 
(ref. to 1,2,3-TMB)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-B
Lab ID#: 1007373B-06A

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072610aFile Name:
Dil. Factor: 2.16

Date of Collection:  7/15/10 10:30:00 AM
Date of Analysis:  7/26/10 04:00 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

22 23 NJ 88 95 NJ>C6-C8 Aliphatic Hydrocarbons 
(ref. to Heptane)

22 Not Detected NJ 120 Not Detected NJ>C8-C10 Aliphatic Hydrocarbons 
(ref. to Decane)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-B
Lab ID#: 1007373B-06B

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072610cFile Name:
Dil. Factor: 2.16

Date of Collection:  7/15/10 10:30:00 AM
Date of Analysis:  7/26/10 04:00 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

22 Not Detected NJ 110 Not Detected NJ>C8-C10 Aromatic Hydrocarbons 
(ref. to 1,2,3-TMB)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-D
Lab ID#: 1007373B-07A

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072612aFile Name:
Dil. Factor: 2.13

Date of Collection:  7/15/10 11:10:00 AM
Date of Analysis:  7/26/10 05:03 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

21 Not Detected NJ 87 Not Detected NJ>C6-C8 Aliphatic Hydrocarbons 
(ref. to Heptane)

21 Not Detected NJ 120 Not Detected NJ>C8-C10 Aliphatic Hydrocarbons 
(ref. to Decane)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-D
Lab ID#: 1007373B-07B

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072612cFile Name:
Dil. Factor: 2.13

Date of Collection:  7/15/10 11:10:00 AM
Date of Analysis:  7/26/10 05:03 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

21 Not Detected NJ 100 Not Detected NJ>C8-C10 Aromatic Hydrocarbons 
(ref. to 1,2,3-TMB)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister

Page  15 of 25



Client Sample ID: SV-303-1-C
Lab ID#: 1007373B-08A

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072613aFile Name:
Dil. Factor: 2.16

Date of Collection:  7/15/10 11:48:00 AM
Date of Analysis:  7/26/10 05:26 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

22 Not Detected NJ 88 Not Detected NJ>C6-C8 Aliphatic Hydrocarbons 
(ref. to Heptane)

22 Not Detected NJ 120 Not Detected NJ>C8-C10 Aliphatic Hydrocarbons 
(ref. to Decane)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-C
Lab ID#: 1007373B-08B

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072613cFile Name:
Dil. Factor: 2.16

Date of Collection:  7/15/10 11:48:00 AM
Date of Analysis:  7/26/10 05:26 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

22 Not Detected NJ 110 Not Detected NJ>C8-C10 Aromatic Hydrocarbons 
(ref. to 1,2,3-TMB)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-E
Lab ID#: 1007373B-10A

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072614aFile Name:
Dil. Factor: 2.13

Date of Collection:  7/15/10 11:17:00 AM
Date of Analysis:  7/26/10 06:18 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

21 Not Detected NJ 87 Not Detected NJ>C6-C8 Aliphatic Hydrocarbons 
(ref. to Heptane)

21 Not Detected NJ 120 Not Detected NJ>C8-C10 Aliphatic Hydrocarbons 
(ref. to Decane)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-E
Lab ID#: 1007373B-10B

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072614cFile Name:
Dil. Factor: 2.13

Date of Collection:  7/15/10 11:17:00 AM
Date of Analysis:  7/26/10 06:18 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

21 Not Detected NJ 100 Not Detected NJ>C8-C10 Aromatic Hydrocarbons 
(ref. to 1,2,3-TMB)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: FIELD BLANK
Lab ID#: 1007373B-11A

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072615aFile Name:
Dil. Factor: 2.05

Date of Collection:  7/14/10 6:00:00 PM
Date of Analysis:  7/26/10 06:47 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

20 Not Detected NJ 84 Not Detected NJ>C6-C8 Aliphatic Hydrocarbons 
(ref. to Heptane)

20 Not Detected NJ 120 Not Detected NJ>C8-C10 Aliphatic Hydrocarbons 
(ref. to Decane)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: FIELD BLANK
Lab ID#: 1007373B-11B

MODIFIED METHOD TO-15 GC/MS FULL SCAN

d072615cFile Name:
Dil. Factor: 2.05

Date of Collection:  7/14/10 6:00:00 PM
Date of Analysis:  7/26/10 06:47 PM

(ug/m3)(ug/m3)(ppbv)(ppbv)Compound
AmountRpt. LimitAmountRpt. Limit

20 Not Detected NJ 100 Not Detected NJ>C8-C10 Aromatic Hydrocarbons 
(ref. to 1,2,3-TMB)

NJ =The identification is based on presumptive evidence; estimated value.
Container Type: 1 Liter Summa Canister
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Ms. Josie Smith
URS Corporation
1501 4th Avenue
Suite 1400
Seattle, WA  98101-1616

WORK ORDER #: 1007373C

CLIENT: BILL TO: 

PHONE:

 Accounts Payable Austin
URS Corporation
P.O. BOX 203970
Austin, TX  78720-1088

206-438-2168
206-438-2699
07/16/2010

DATE COMPLETED: 07/30/2010

P.O. #

PROJECT # 33762003 Adak

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Karen Lopez

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A SV-303-2-A Modified ASTM D-1946 2.0 "Hg 15 psi
02A SV-303-2-B Modified ASTM D-1946 1.5 "Hg 15 psi
03A SV-303-2-C Modified ASTM D-1946 3.0 "Hg 15 psi
04A SV-303-2-D Modified ASTM D-1946 1.5 "Hg 15 psi
05A SV-303-3-A Modified ASTM D-1946 2.5 "Hg 15 psi
06A SV-303-1-B Modified ASTM D-1946 2.0 "Hg 15 psi
07A SV-303-1-D Modified ASTM D-1946 1.5 "Hg 15 psi
08A SV-303-1-C Modified ASTM D-1946 2.0 "Hg 15 psi
09A(cancelled) SV-303-1A Modified ASTM D-1946 15 psi
10A SV-303-1-E Modified ASTM D-1946 1.5 "Hg 15 psi
10AA SV-303-1-E Lab Duplicate Modified ASTM D-1946 1.5 "Hg 15 psi
11A FIELD BLANK Modified ASTM D-1946 0.5 "Hg 15 psi
12A Lab Blank Modified ASTM D-1946 NA NA
13A LCS Modified ASTM D-1946 NA NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/09, Expiration date: 06/30/10

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                         07/30/10

Page  2 of 19

This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, 
NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719



Client Sample ID: SV-303-2-A
Lab ID#: 1007373C-01A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073003File Name:
Dil. Factor: 2.16

Date of Collection:  7/14/10 2:05:00 PM
Date of Analysis:  7/30/10 10:22 AM

(%)(%)Compound
AmountRpt. Limit

0.11 0.0040 JHelium

J = Estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-B
Lab ID#: 1007373C-02A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073004File Name:
Dil. Factor: 2.85

Date of Collection:  7/14/10 2:50:00 PM
Date of Analysis:  7/30/10 10:29 AM

(%)(%)Compound
AmountRpt. Limit

0.14 Not Detected UHelium

U = The analyte was not present above the Method Detection Limit.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-C
Lab ID#: 1007373C-03A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073005File Name:
Dil. Factor: 2.24

Date of Collection:  7/14/10 3:35:00 PM
Date of Analysis:  7/30/10 10:40 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was not present above the Method Detection Limit.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-D
Lab ID#: 1007373C-04A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073006File Name:
Dil. Factor: 2.13

Date of Collection:  7/14/10 4:15:00 PM
Date of Analysis:  7/30/10 10:49 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was not present above the Method Detection Limit.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-3-A
Lab ID#: 1007373C-05A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073007File Name:
Dil. Factor: 2.86

Date of Collection:  7/14/10 5:38:00 PM
Date of Analysis:  7/30/10 11:01 AM

(%)(%)Compound
AmountRpt. Limit

0.14 0.0043 JHelium

J = Estimated value.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-B
Lab ID#: 1007373C-06A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073008File Name:
Dil. Factor: 5.70

Date of Collection:  7/15/10 10:30:00 AM
Date of Analysis:  7/30/10 11:11 AM

(%)(%)Compound
AmountRpt. Limit

0.28 Not Detected UHelium

U = The analyte was not present above the Method Detection Limit.
Container Type: 1 Liter Summa Canister

Page  12 of 19



Client Sample ID: SV-303-1-D
Lab ID#: 1007373C-07A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073009File Name:
Dil. Factor: 2.85

Date of Collection:  7/15/10 11:10:00 AM
Date of Analysis:  7/30/10 11:21 AM

(%)(%)Compound
AmountRpt. Limit

0.14 0.046 JHelium

J = Estimated value.
Container Type: 1 Liter Summa Canister

Page  13 of 19



Client Sample ID: SV-303-1-C
Lab ID#: 1007373C-08A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073010File Name:
Dil. Factor: 3.15

Date of Collection:  7/15/10 11:48:00 AM
Date of Analysis:  7/30/10 11:29 AM

(%)(%)Compound
AmountRpt. Limit

0.16 Not Detected UHelium

U = The analyte was not present above the Method Detection Limit.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-E
Lab ID#: 1007373C-10A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073011File Name:
Dil. Factor: 3.64

Date of Collection:  7/15/10 11:17:00 AM
Date of Analysis:  7/30/10 11:40 AM

(%)(%)Compound
AmountRpt. Limit

0.18 0.30Helium

Container Type: 1 Liter Summa Canister

Page  15 of 19



Client Sample ID: FIELD BLANK
Lab ID#: 1007373C-11A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9073013File Name:
Dil. Factor: 3.24

Date of Collection:  7/14/10 6:00:00 PM
Date of Analysis:  7/30/10 12:04 PM

(%)(%)Compound
AmountRpt. Limit

0.16 Not Detected UHelium

U = The analyte was not present above the Method Detection Limit.
Container Type: 1 Liter Summa Canister

Page  17 of 19



Ms. Josie Smith
URS Corporation
1501 4th Avenue
Suite 1400
Seattle, WA  98101-1616

WORK ORDER #: 1007373D

CLIENT: BILL TO: 

PHONE:

 Accounts Payable Austin
URS Corporation
P.O. BOX 203970
Austin, TX  78720-1088

206-438-2168
206-438-2699
07/16/2010

DATE COMPLETED: 07/29/2010

P.O. #

PROJECT # 33762003 Adak

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Karen Lopez

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A SV-303-2-A Modified TO-3 2.0 "Hg 15 psi
02A SV-303-2-B Modified TO-3 1.5 "Hg 15 psi
02AA SV-303-2-B Lab Duplicate Modified TO-3 1.5 "Hg 15 psi
03A SV-303-2-C Modified TO-3 3.0 "Hg 15 psi
04A SV-303-2-D Modified TO-3 1.5 "Hg 15 psi
05A SV-303-3-A Modified TO-3 2.5 "Hg 15 psi
06A SV-303-1-B Modified TO-3 2.0 "Hg 15 psi
07A SV-303-1-D Modified TO-3 1.5 "Hg 15 psi
08A SV-303-1-C Modified TO-3 2.0 "Hg 15 psi
09A(cancelled) SV-303-1A Modified TO-3 15 psi
10A SV-303-1-E Modified TO-3 1.5 "Hg 15 psi
11A FIELD BLANK Modified TO-3 0.5 "Hg 15 psi
12A Lab Blank Modified TO-3 NA NA
13A LCS Modified TO-3 NA NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/09, Expiration date: 06/30/10

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                         07/29/10

Page  2 of 20

This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, 
NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719



Client Sample ID: SV-303-2-A
Lab ID#: 1007373D-01A

MODIFIED EPA METHOD TO-3 GC/FID

d072712File Name:
Dil. Factor: 24.0

Date of Collection:  7/14/10 2:05:00 PM
Date of Analysis:  7/27/10 01:06 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.60 2.4 260 1100TPH (C6-C10) ref. to Gasoline

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

111 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-2-B
Lab ID#: 1007373D-02A

MODIFIED EPA METHOD TO-3 GC/FID

d072711File Name:
Dil. Factor: 213

Date of Collection:  7/14/10 2:50:00 PM
Date of Analysis:  7/27/10 12:34 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

5.3 22 2800 12000TPH (C6-C10) ref. to Gasoline

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

112 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-2-C
Lab ID#: 1007373D-03A

MODIFIED EPA METHOD TO-3 GC/FID

d072715File Name:
Dil. Factor: 1790

Date of Collection:  7/14/10 3:35:00 PM
Date of Analysis:  7/27/10 03:38 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

45 180 19000 80000TPH (C6-C10) ref. to Gasoline

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

135 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-2-D
Lab ID#: 1007373D-04A

MODIFIED EPA METHOD TO-3 GC/FID

d072714File Name:
Dil. Factor: 1850

Date of Collection:  7/14/10 4:15:00 PM
Date of Analysis:  7/27/10 02:15 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

46 190 24000 100000TPH (C6-C10) ref. to Gasoline

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

127 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-3-A
Lab ID#: 1007373D-05A

MODIFIED EPA METHOD TO-3 GC/FID

d072707File Name:
Dil. Factor: 2.20

Date of Collection:  7/14/10 5:38:00 PM
Date of Analysis:  7/27/10 09:14 AM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.055 0.22 0.014 J 0.055 JTPH (C6-C10) ref. to Gasoline

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

107 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-1-B
Lab ID#: 1007373D-06A

MODIFIED EPA METHOD TO-3 GC/FID

d072710File Name:
Dil. Factor: 2.16

Date of Collection:  7/15/10 10:30:00 AM
Date of Analysis:  7/27/10 11:58 AM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.054 0.22 0.17 0.70TPH (C6-C10) ref. to Gasoline

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

109 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-1-D
Lab ID#: 1007373D-07A

MODIFIED EPA METHOD TO-3 GC/FID

d072713File Name:
Dil. Factor: 2.13

Date of Collection:  7/15/10 11:10:00 AM
Date of Analysis:  7/27/10 01:39 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.053 0.22 0.052 J 0.21 JTPH (C6-C10) ref. to Gasoline

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

108 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-1-C
Lab ID#: 1007373D-08A

MODIFIED EPA METHOD TO-3 GC/FID

d072716File Name:
Dil. Factor: 2.16

Date of Collection:  7/15/10 11:48:00 AM
Date of Analysis:  7/27/10 04:22 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.054 0.22 0.11 0.47TPH (C6-C10) ref. to Gasoline

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

106 75-150Fluorobenzene (FID)
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Client Sample ID: SV-303-1-E
Lab ID#: 1007373D-10A

MODIFIED EPA METHOD TO-3 GC/FID

d072717File Name:
Dil. Factor: 2.13

Date of Collection:  7/15/10 11:17:00 AM
Date of Analysis:  7/27/10 04:58 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.053 0.22 0.045 J 0.18 JTPH (C6-C10) ref. to Gasoline

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

109 75-150Fluorobenzene (FID)
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Client Sample ID: FIELD BLANK
Lab ID#: 1007373D-11A

MODIFIED EPA METHOD TO-3 GC/FID

d072705File Name:
Dil. Factor: 2.05

Date of Collection:  7/14/10 6:00:00 PM
Date of Analysis:  7/27/10 08:09 AM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.051 0.21 0.095 0.39TPH (C6-C10) ref. to Gasoline

Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

104 75-150Fluorobenzene (FID)
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Ms. Josie Smith
URS Corporation
1501 4th Avenue
Suite 1400
Seattle, WA  98101-1616

WORK ORDER #: 1008699A

CLIENT: BILL TO: 

PHONE:

 Accounts Payable Austin
URS Corporation
P.O. BOX 203970
Austin, TX  78720-1088

206-438-2168
206-438-2699
08/30/2010

DATE COMPLETED: 09/14/2010

P.O. # N44255-09-D-4001

PROJECT #

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Karen Lopez

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A SV-303-1-A Modified TO-3 3.0 "Hg 15 psi
02A SV-303-1-B Modified TO-3 3.5 "Hg 15 psi
03A SV-303-1-C Modified TO-3 3.5 "Hg 15 psi
04A SV-303-1-D Modified TO-3 2.5 "Hg 15 psi
05A SV-303-2-A Modified TO-3 1.5 "Hg 15 psi
06A SV-303-2-B Modified TO-3 2.5 "Hg 15 psi
07A SV-303-2-C Modified TO-3 3.5 "Hg 15 psi
08A SV-303-2-D Modified TO-3 2.5 "Hg 15 psi
09A SV-303-2-E Modified TO-3 3.0 "Hg 15 psi
10A BLANK Modified TO-3 1.5 "Hg 15 psi
11A Lab Blank Modified TO-3 NA NA
11B Lab Blank Modified TO-3 NA NA
12A LCS Modified TO-3 NA NA
12B LCS Modified TO-3 NA NA
12BB LCSD Modified TO-3 NA NA
12C LCS Modified TO-3 NA NA
12D LCS Modified TO-3 NA NA

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

Page  2 of 26

Continued on next page



Client Sample ID: SV-303-1-A
Lab ID#: 1008699A-01A

MODIFIED EPA METHOD TO-3 GC/FID

d090707File Name:
Dil. Factor: 2.24

Date of Collection:  8/27/10 3:15:00 PM
Date of Analysis:  9/7/10 01:10 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.0022 0.0072 0.0020 J 0.0064 JBenzene
0.0022 0.0084 Not Detected U Not Detected UToluene
0.0022 0.0097 Not Detected U Not Detected UEthyl Benzene
0.0022 0.0097 Not Detected U Not Detected Um,p-Xylene
0.0022 0.0097 Not Detected U Not Detected Uo-Xylene
0.056 0.23 0.070 0.29TPH (C6-C10) ref. to Gasoline

J = Estimated value.
U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

102 74-139Fluorobenzene (PID)
91 79-140Fluorobenzene (FID)
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Client Sample ID: SV-303-1-B
Lab ID#: 1008699A-02A

MODIFIED EPA METHOD TO-3 GC/FID

d090708File Name:
Dil. Factor: 2.29

Date of Collection:  8/27/10 3:48:00 PM
Date of Analysis:  9/7/10 01:56 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.0023 0.0073 0.0021 J 0.0068 JBenzene
0.0023 0.0086 Not Detected U Not Detected UToluene
0.0023 0.0099 Not Detected U Not Detected UEthyl Benzene
0.0023 0.0099 Not Detected U Not Detected Um,p-Xylene
0.0023 0.0099 Not Detected U Not Detected Uo-Xylene
0.057 0.23 0.073 0.30TPH (C6-C10) ref. to Gasoline

J = Estimated value.
U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

102 74-139Fluorobenzene (PID)
90 79-140Fluorobenzene (FID)
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Client Sample ID: SV-303-1-C
Lab ID#: 1008699A-03A

MODIFIED EPA METHOD TO-3 GC/FID

d090709File Name:
Dil. Factor: 2.29

Date of Collection:  8/27/10 4:21:00 PM
Date of Analysis:  9/7/10 02:30 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.0023 0.0073 0.0030 0.0095Benzene
0.0023 0.0086 Not Detected U Not Detected UToluene
0.0023 0.0099 Not Detected U Not Detected UEthyl Benzene
0.0023 0.0099 Not Detected U Not Detected Um,p-Xylene
0.0023 0.0099 0.00037 J 0.0016 Jo-Xylene
0.057 0.23 0.11 0.46TPH (C6-C10) ref. to Gasoline

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

104 74-139Fluorobenzene (PID)
92 79-140Fluorobenzene (FID)
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Client Sample ID: SV-303-1-D
Lab ID#: 1008699A-04A

MODIFIED EPA METHOD TO-3 GC/FID

d090710File Name:
Dil. Factor: 2.20

Date of Collection:  8/27/10 4:53:00 PM
Date of Analysis:  9/7/10 05:11 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.0022 0.0070 0.0018 J 0.0059 JBenzene
0.0022 0.0083 Not Detected U Not Detected UToluene
0.0022 0.0096 Not Detected U Not Detected UEthyl Benzene
0.0022 0.0096 Not Detected U Not Detected Um,p-Xylene
0.0022 0.0096 Not Detected U Not Detected Uo-Xylene
0.055 0.22 0.068 0.28TPH (C6-C10) ref. to Gasoline

J = Estimated value.
U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

109 74-139Fluorobenzene (PID)
96 79-140Fluorobenzene (FID)
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Client Sample ID: SV-303-2-A
Lab ID#: 1008699A-05A

MODIFIED EPA METHOD TO-3 GC/FID

d090906File Name:
Dil. Factor: 142

Date of Collection:  8/27/10 9:55:00 AM
Date of Analysis:  9/9/10 09:18 AM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.14 0.45 58 M 180 MBenzene
0.14 0.54 0.31 1.2Toluene
0.14 0.62 0.034 J 0.15 JEthyl Benzene
0.14 0.62 Not Detected U Not Detected Um,p-Xylene
0.14 0.62 0.020 J 0.089 Jo-Xylene
3.6 14 1000 4100TPH (C6-C10) ref. to Gasoline

M = Reported value may be biased due to apparent matrix interferences.
J = Estimated value.
U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

98 74-139Fluorobenzene (PID)
84 79-140Fluorobenzene (FID)

Page  13 of 26



Client Sample ID: SV-303-2-B
Lab ID#: 1008699A-06A

MODIFIED EPA METHOD TO-3 GC/FID

d090907File Name:
Dil. Factor: 440

Date of Collection:  8/27/10 10:40:00 AM
Date of Analysis:  9/9/10 10:07 AM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.44 1.4 110 350Benzene
0.44 1.6 2.3 8.7Toluene
0.44 1.9 Not Detected U Not Detected UEthyl Benzene
0.44 1.9 0.47 2.1m,p-Xylene
0.44 1.9 0.094 J 0.41 Jo-Xylene
11 45 3100 13000TPH (C6-C10) ref. to Gasoline

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

95 74-139Fluorobenzene (PID)
84 79-140Fluorobenzene (FID)
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Client Sample ID: SV-303-2-C
Lab ID#: 1008699A-07A

MODIFIED EPA METHOD TO-3 GC/FID

d090911File Name:
Dil. Factor: 1140

Date of Collection:  8/27/10 12:00:00 PM
Date of Analysis:  9/9/10 12:52 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

1.1 3.6 460 1500Benzene
1.1 4.3 20 75Toluene
1.1 4.9 8.5 37Ethyl Benzene
1.1 5.0 10 45m,p-Xylene
1.1 5.0 0.34 J 1.5 Jo-Xylene
28 120 23000 95000TPH (C6-C10) ref. to Gasoline

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

108 74-139Fluorobenzene (PID)
114 79-140Fluorobenzene (FID)
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Client Sample ID: SV-303-2-D
Lab ID#: 1008699A-08A

MODIFIED EPA METHOD TO-3 GC/FID

d090912File Name:
Dil. Factor: 880

Date of Collection:  8/27/10 11:16:00 AM
Date of Analysis:  9/9/10 01:25 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

0.88 2.8 410 1300Benzene
0.88 3.3 13 49Toluene
0.88 3.8 5.8 25Ethyl Benzene
0.88 3.8 3.6 M 15 Mm,p-Xylene
0.88 3.8 0.36 J 1.6 Jo-Xylene
22 90 22000 91000TPH (C6-C10) ref. to Gasoline

M = Reported value may be biased due to apparent matrix interferences.
J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

86 74-139Fluorobenzene (PID)
118 79-140Fluorobenzene (FID)
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Client Sample ID: SV-303-2-E
Lab ID#: 1008699A-09A

MODIFIED EPA METHOD TO-3 GC/FID

d090910File Name:
Dil. Factor: 2040

Date of Collection:  8/27/10 12:15:00 PM
Date of Analysis:  9/9/10 12:20 PM

(ug/L)(ppmv)(ug/L)(ppmv)Compound
AmountAmountRpt. LimitRpt. Limit

2.0 6.5 450 1400Benzene
2.0 7.7 14 51Toluene
2.0 8.8 8.0 34Ethyl Benzene
2.0 8.8 9.9 43m,p-Xylene
2.0 8.8 0.40 J 1.7 Jo-Xylene
51 210 24000 96000TPH (C6-C10) ref. to Gasoline

J = Estimated value.
Container Type: 1 Liter Summa Canister

Limits%RecoverySurrogates
Method

94 74-139Fluorobenzene (PID)
108 79-140Fluorobenzene (FID)
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Ms. Josie Smith
URS Corporation
1501 4th Avenue
Suite 1400
Seattle, WA  98101-1616

WORK ORDER #: 1008699B

CLIENT: BILL TO: 

PHONE:

 Accounts Payable Austin
URS Corporation
P.O. BOX 203970
Austin, TX  78720-1088

206-438-2168
206-438-2699
08/30/2010

DATE COMPLETED: 09/14/2010

P.O. # N44255-09-D-4001

PROJECT #

Work Order Summary

FAX:

DATE RECEIVED: CONTACT: Karen Lopez

NAMEFRACTION # TEST VAC./PRES.
RECEIPT

PRESSURE
FINAL

01A SV-303-1-A Modified ASTM D-1946 3.0 "Hg 15 psi
02A SV-303-1-B Modified ASTM D-1946 3.5 "Hg 15 psi
03A SV-303-1-C Modified ASTM D-1946 3.5 "Hg 15 psi
04A SV-303-1-D Modified ASTM D-1946 2.5 "Hg 15 psi
05A SV-303-2-A Modified ASTM D-1946 1.5 "Hg 15 psi
06A SV-303-2-B Modified ASTM D-1946 2.5 "Hg 15 psi
07A SV-303-2-C Modified ASTM D-1946 3.5 "Hg 15 psi
08A SV-303-2-D Modified ASTM D-1946 2.5 "Hg 15 psi
09A SV-303-2-E Modified ASTM D-1946 3.0 "Hg 15 psi
10A BLANK Modified ASTM D-1946 1.5 "Hg 15 psi
11A Lab Blank Modified ASTM D-1946 NA NA
12A LCS Modified ASTM D-1946 NA NA
12AA LCSD Modified ASTM D-1946 NA NA

CERTIFIED BY:

Laboratory Director

DATE:

Name of Accrediting Agency: NELAP/Florida Department of Health, Scope of Application: Clean Air Act, 
Accreditation number: E87680, Effective date: 07/01/09, Expiration date: 06/30/10

180 BLUE RAVINE ROAD, SUITE B FOLSOM, CA - 95630
(916) 985-1000 . (800) 985-5955 . FAX (916) 985-1020

                                                                                                                                         09/14/10

Page  2 of 19

This report shall not be reproduced, except in full, without the written approval of Air Toxics Ltd.

Air Toxics Ltd. certifies that the test results contained in this report meet all requirements of the NELAC standards

Certfication numbers:  CA NELAP - 02110CA, LA NELAP/LELAP- AI 30763, 
NY NELAP - 11291, UT NELAP - 9166389892, AZ Licensure AZ0719



Client Sample ID: SV-303-1-A
Lab ID#: 1008699B-01A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091406File Name:
Dil. Factor: 2.24

Date of Collection:  8/27/10 3:15:00 PM
Date of Analysis:  9/14/10 08:05 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-B
Lab ID#: 1008699B-02A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091407File Name:
Dil. Factor: 2.29

Date of Collection:  8/27/10 3:48:00 PM
Date of Analysis:  9/14/10 08:38 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-C
Lab ID#: 1008699B-03A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091408File Name:
Dil. Factor: 2.29

Date of Collection:  8/27/10 4:21:00 PM
Date of Analysis:  9/14/10 08:48 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-1-D
Lab ID#: 1008699B-04A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091409File Name:
Dil. Factor: 2.20

Date of Collection:  8/27/10 4:53:00 PM
Date of Analysis:  9/14/10 08:58 AM

(%)(%)Compound
AmountRpt. Limit

0.11 6.9Helium

Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-A
Lab ID#: 1008699B-05A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091410File Name:
Dil. Factor: 2.13

Date of Collection:  8/27/10 9:55:00 AM
Date of Analysis:  9/14/10 09:08 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-B
Lab ID#: 1008699B-06A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091411File Name:
Dil. Factor: 2.20

Date of Collection:  8/27/10 10:40:00 AM
Date of Analysis:  9/14/10 09:17 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-C
Lab ID#: 1008699B-07A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091412File Name:
Dil. Factor: 2.29

Date of Collection:  8/27/10 12:00:00 PM
Date of Analysis:  9/14/10 09:25 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-D
Lab ID#: 1008699B-08A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091413File Name:
Dil. Factor: 2.20

Date of Collection:  8/27/10 11:16:00 AM
Date of Analysis:  9/14/10 09:35 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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Client Sample ID: SV-303-2-E
Lab ID#: 1008699B-09A

NATURAL GAS ANALYSIS BY MODIFIED ASTM D-1946

9091414File Name:
Dil. Factor: 2.24

Date of Collection:  8/27/10 12:15:00 PM
Date of Analysis:  9/14/10 09:42 AM

(%)(%)Compound
AmountRpt. Limit

0.11 Not Detected UHelium

U = The analyte was analyzed for, but not detected. The associated numerical value is at or below the MDL.
Container Type: 1 Liter Summa Canister
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ACRONYMS 
 

 

%D Percent difference 

%R Percent recovery 

%RSD Percent relative standard deviation 

APH Aliphatic/aromatic hydrocarbons 

ARF Average response factor 

ASTM American Society for Testing and Materials 

BFB Bromofluorobenzene 

CLP U.S. EPA Contract Laboratory Program 

COC Chain-of-custody 

EFA Engineering Field Activity 

EPA U.S. Environmental Protection Agency 

FID Flame ionization detector 

GC/MS Gas chromatography/mass spectrometer 

GRO Gasoline range organic 

ICAL Initial calibration 

LCS Laboratory control sample 

µg/m
3 

Microgram per cubic meter 

MDL Method detection limit 

ppbv Parts per billion by volume 

ppmv Parts per million by volume 

QC Quality control 

RL Reporting limit 

RPD Relative percent difference 

SDG Sample delivery group 

TPH Total petroleum hydrocarbon 

VOCs Volatile organic compounds 
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INTRODUCTION 
 

 

This report presents and discusses findings of the data validation performed on analytical data for 

samples collected during April 2010 for the referenced project. The laboratory reports validated 

herein were submitted by Air Toxics, Ltd. in one sample delivery group (SDG) – 1007373.   

 

A level IV data validation was performed on this laboratory report. The validation followed the 

guidelines and protocols below, as applicable: 

 

•••• Department of Defense (DoD) Quality Systems Manual for Environmental Laboratories 

(QSM), Final Version 4.1, DoD Environmental Data Quality Workgroup. April 2009. 

 

•••• USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 

Review, Office of Emergency and Remedial Response, U.S. Environmental Protection 

Agency. October 1999, EPA540/R-99/008. 

 

•••• Naval Facilities Engineering Command Northwest (NAVFAC NW) Standard Operation 

Procedure (SOP): Field Standard Operating Procedures, Version 4.0. August, 2006. 

 

Data were evaluated using quality control (QC) criteria specified in the analytical methods and the 

laboratory control limits. Validation findings are discussed for each QC parameter pertinent to each 

type of analyses evaluated. Qualified data with applied data qualifiers are summarized in the 

Summary section at the end of this report. As part of the level IV validation, 10 percent of the initial 

calibrations, calibration verifications, laboratory QC analyses, and sample results were verified via 

re-calculation checks. Samples and the associated analyses validated herein are summarized as 

follows: 

 

Field Sample ID 

Laboratory 

Sample ID Sampling Date Matrix 

Analysis 

VOCs GRO He APH 

SV-303-2-A 1007373-01 7/14/2010 Air X X X NA 

SV-303-2-B 1007373-02 7/14/2010 Air X X X NA 

SV-303-2-C 1007373-03 7/14/2010 Air X X X NA 

SV-303-2-D 1007373-04 7/14/2010 Air X X X NA 

SV-303-3-A 1007373-05 7/14/2010 Air X X X X 

SV-303-1-B 1007373-06 7/15/2010 Air X X X X 

SV-303-1-D 1007373-07 7/15/2010 Air X X X X 

SV-303-1-C 1007373-08 7/15/2010 Air X X X X 

SV-303-1-A 1007373-09 7/15/2010 Air NA NA NA NA 

SV-303-1-E 1007373-10 7/15/2010 Air X X X X 

Field Blank 1007373-11 7/14/2010 Air X X X X 
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Notes:  

1. X - The analysis was requested and performed on the sample. 

2. VOCs – Volatile organic compounds 

3. GRO – Gasoline range organics 

4. He – Helium 

5. APH – Aliphatic/aromatic hydrocarbon 

6. NA – The analysis was cancelled.  

 
 
The analytical parameters requested for the samples, the respective analytical methods, and the 

laboratory are summarized below: 

 

Parameter Analytical Method Laboratory 

VOCs  EPA Method TO-15 Modified 

Air Toxics Ltd. (ATL) 

Folsom, California 

Helium ASTM D-1946 Modified 

TPH-GRO EPA Method TO-3 Modified 

APH  EPA Method TO-15 Modified - ATL SOP #103 

Notes: 

1. EPA Method TO15 - USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: 

Method TO-15, EPA 600/625/R-96/010b. January 1999 

2. EPA Method TO3 - USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: 

Method TO-15, EPA 600/625/R-96/010b. January 1999 

3. ASTM Standard D1946-90 - Standard Practice for Analysis of Reformed Gas by Gas Chromatography. ASTM 

International, West Conshohocken, PA, 2006, DOI: 10.1520/D1946-90R06 (ICS Number Code 75.160.30). 
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DATA VALIDATION FINDINGS 
 

 

1. VOCs  by GC/MS (EPA Method TO-15 Modified) 
 

1.1 Sample Management 

 

The summa canister for sample SV-303-1-A was leaking upon arrival at the laboratory.  The 

analysis was cancelled per URS management.  The field blank was received at low vacuum 

(0.5” Hg).  The VOC analysis proceeded per URS project management. All other samples were 

received in the laboratory intact and in consistence with the accompanying chain-of-custody 

(COC) documentation.  No anomalies were identified in relation to sample preservation, 

handling, and transport. 

 

Air samples in Summa canisters should be analyzed within 30 days of collection.  All samples 

were analyzed within the required holding time. 

 

1.2 GC/MS Instrument Performance Check 

 

Bromofluorobenzene (BFB) tuning was performed within each 12-hour interval. All required 

ion abundance ratios met the method requirements.  

  

1.3 Initial Calibration 

 

The initial calibration (ICAL) was established with more than five different concentrations for 

each target compound and surrogate spike. The average response factor approach was used 

for the quantitation of target compound. Average response factors (ARFs) were >0.05 for 

target compound. The ARFs percent relative standard deviation (%RSD) values were less than 

30% for all target compounds, except for the following: 

 

ICAL Date Compound %RSD 

Associated 

Sample 

Sample Result 

(ppbv) 
Data 

Qualification 

5/11/2010 1,2,4-Trichlorobenzene 31.413% 

SV-303-2-A 

SV-303-2-B 

SV-303-2-C 

SV-303-2-D 

43  U 

210  U 

4500  U 

4300  U 

No action 

7/20/2010 

Carbon tetrachloride 32.186% 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Field Blank 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.0  U 

No action 

Naphthalene 37.173% 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Field Blank 

4.4  U 

4.3  U 

4.3  U 

4.3  U 

4.3  U 

4.1  U 

No action 
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An initial calibration verification standard (second source standard) was analyzed to verify 

the calibration curve.  The percent difference (%D) value for each target compound was 

within ±30%; the initial calibration was valid.  

 

1.4 Calibration Verification 

 

Calibration verification was performed within each 12-hour interval. Relative response 

factors were >0.05 for all target compounds.  The %D values were within the ±30% criterion 

for all target compounds, except for the following: 

 

CCAL Date Time Compound %D Bias 

Associated 

Sample 

Sample 

Result 

Data 

Qualifier 

7/23/2010 08:08 Naphthalene 31.77% Low 

SV-303-2-A 

SV-303-2-B 

SV-303-2-C 

SV-303-2-D 

43  U 

210  U 

4500  U 

4300  U 

UJ 

7/26/2010 09:29 1,2,4-Trimethylbenzene 33.46% High 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Field Blank 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.0  U 

None 

 

1.5 Method and Field Blanks 

 

Method Blanks: Method blanks were prepared and analyzed as required by the method.  A 

number of target compounds were detected in the method blank at levels greater than the 

method detection limits (MDLs) but less than the reporting limits (RLs).  Sample results were 

either not detected, or detected at levels greater than five times the level found in the 

method blank, except for the following: 

 

Blank ID Compound 

Detection 

in Blank  

Affected 

Sample 

Original 

Result  

Qualified 

Results Unit 

1007373A-12B 

Chlorobenzene 0.14  J 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Field Blank 

0.21  J 

0.20  J 

0.17  J 

0.22  J 

0.18  J 

0.20  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.0  U 

ppbv 

1,3-Dichlorobenzene 0.14  J 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

0.26  J 

0.20  J 

0.14  J 

1.1  U 

1.1  U 

1.1  U 

ppbv 

1007373A-12B 1,4-Dichlorobenzene 0.17  J 
SV-303-3-A 

SV-303-1-B 

0.29  J 

0.24  J 

1.1  U 

1.1  U 
ppbv 

 

Field Blanks:  Field blank was collected at the proper frequency. A number of target 

compounds were detected in the field blank at levels greater than the MDLs but less than the 

RLs. The chlorobenzene result in field blank was previously qualified as non-detect due to 
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method blank contamination and this result was not used to assess the associated samples.  

Sample results were either not detected, or detected at levels greater than five times the 

level found in the method blank, except for the following: 

 

Blank ID Compound 

Detection 

in Blank  

Affected 

Sample 

Original 

Result  

Qualified 

Results Unit 

Field Blank 

Freon 12 0.52  J 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

0.59  J 

0.49  J 

0.47  J 

0.51  J 

0.53  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 

Freon 11 0.24  J 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

0.27  J 

0.23  J 

0.18  J 

0.18  J 

0.20  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 

Acetone 22 

SV-303-2-B 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

48  J 

2.3  J 

14 

4.5 

20 

6.8 

210  U 

4.4  U 

4.3  U 

4.3  U 

4.3  U 

4.3  U 

ppbv 

Carbon disulfide 0.35  J 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

0.20  J 

0.43  J 

0.38  J 

0.86  J 

0.36  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 

Methylene chloride 0.69  J 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

0.74  J 

0.57  J 

0.51  J 

0.50  J 

0.49  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 

2-Butanone 0.66  J 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

0.24  J 

2.4 

0.71  J 

3.0 

1.2 

1.1  U 

2.4  U 

1.1  U 

3.0  U 

1.2  U 

ppbv 

Toluene 0.25  J 

SV-303-2-B 

SV-303-2-C 

SV-303-2-D 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

29  J 

690  J 

810  J 

0.16  J 

0.51  J 

0.26  J 

0.36  J 

0.50  J 

53  U 

1100  U 

1100  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 

 

1.6 Laboratory Control Sample (LCS) 

 

LCS analyses were performed as required by the method. All LCS percent recovery (%R) 

values met the laboratory control limits for all target compounds. 

 

1.7 Surrogate Spikes 

 



Pyron Environmental, Inc. 

Data Validation Report 

URS Adak DO#7 

Laboratory SDG: 1007373 

 

 
 
 
 

 

Page 8 of 19 

Surrogate spikes were added to all samples as required by the method.  All surrogate spike 

%R values met the laboratory control limits, except for the following:  

 

Sample ID Surrogate %R 

Control 

Limit 

Affected  

Compound 

Data 

Qualification 

SV-303-2-A 
1,2-Dichloroethane-d4 

Toluene-d8 

184% 

107% 

69-126% 

92-105% 
All positive VOCs J 

SV-303-2-B 
1,2-Dichloroethane-d4 

Toluene-d8 

273% 

107% 

69-126% 

92-105% 

All positive VOCs 

except toluene 
J 

SV-303-2-C 
1,2-Dichloroethane-d4 

Toluene-d8 

171% 

106% 

69-126% 

92-105% 

All positive VOCs 

except toluene 
J 

SV-303-2-D 1,2-Dichloroethane-d4 177% 69-126% 
All positive VOCs 

except toluene 
J 

 

Several positive toluene results were previously qualified as non-detect due to field blank 

contamination and no further data qualifying action was necessary. 

 

1.8 Internal Standard   

 

Proper internal standards were added to all samples.  All internal standard intensity met the 

method requirement of –50% to +100% of the associated standard.  Internal standard 

retention times were within the ±0.5 minute window (of the associated standard). 

 

1.9 Laboratory Duplicates 

 

Two set of laboratory duplicate pairs were performed on samples SV-303-2-C and SV-303-1-B 

for VOCs analyses.  All relative percent difference (RPD) or concentration difference values 

were within the control limits.  

 

1.10 Compound Quantitation 

 

A verification calculation was performed on 10% of the reported QC and sample analyses.  No 

anomalies were found via the verification calculation.  Sample quantitation and reporting 

was correctly performed. 

 

1.11 Target Compound Identification 

 

Target compound identification was evaluated by examining if (1) the RRT is within ±0.06 RRT 

units of the standard RRT for a positively identified compound, (2) the characteristic ion 

intensity of a positively identified compound is within ±30% in comparison with the reference 

spectrum, and (3) ions of a positively identified compound with >10% relative abundance 

should be present. No anomalies were found in relation to target compound identification. 

 

1.12 Reporting Limits   

 

The MRLs were supported with adequate ICAL concentrations.  Samples SV-303-2-A, SV-303-

2-B, SV-303-2-C, and SV-303-2-D were analyzed using high level calibration curve due to the 
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high concentrations of target and non-target compounds in these samples. The MDLs and RLs 

were raised by a factor of 10 for these samples.  

 

1.13 System Performance   

 

The system performance and stability over an analytical sequence was evaluated by 

examining chromatograms for abrupt baseline shifting, excessive baseline rise at elevated 

temperature, progressing peak tailing, or loss of resolution. In addition, the internal standard 

retention times and response areas are checked for trends of shifting.  No anomaly was 

observed. 

 

1.14 Overall Assessment of VOCs Data Usability 

 

VOCs data are of known quality and acceptable for use, as qualified.  

 

 

2. TPH-GRO by GC/FID (EPA Method TO-3 Modified) 

 
2.1 Sample Management and Holding Times 

 

The summa canister for sample SV-303-1-A was leaking upon arrival at the laboratory.  The 

GRO analysis was cancelled per URS management. The field blank was received at low 

vacuum (0.5” Hg).  The GRO analysis proceeded per URS project management. All other 

samples were received in the laboratory intact and in consistence with the accompanying 

COC documentation.  No anomalies were identified in relation to sample preservation, 

handling, and transport. 

 

Air samples in Summa canisters should be analyzed within 30 days of collection.  All samples 

were analyzed within the required holding time. 

 

2.2 Initial Calibration 

 

The method and project SAP require that (1) a minimum of 5-point calibration be performed 

using individual petroleum product reference standards to ensure the proper identification 

and quantitation of petroleum hydrocarbons in samples, (2) the calibration curve includes a 

sufficiently low standard to provide the necessary reporting limits, and (3) the %RSD should 

be ≤20% for GRO.  The ICAL met the method requirements.  

 

An initial calibration verification standard (second source standard) was analyzed to verify 

the calibration curve.  The percent difference for each target compound within ±25%; the 

initial calibration was valid.  

 

2.3 Calibration Verification 

 

The method and project require that (1) a mid-range check standard be analyzed prior to and 

after each analytical batch, and (2) the percent drift value be within ±25% of the true value.  
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Calibration verifications were performed at the required frequency.  All %D values met the 

method criterion. 

 

2.4 Blanks 

 

Method Blanks: Method blank was prepared and analyzed as required. No target compounds 

were detected at or above the MDLs in the method blanks. 

 

Field Blank: Field blank was collected at the proper frequency.  TPH-GRO was detected in 

field blank above the RL. Sample results were either not detected, or detected at levels 

greater than five times the level found in the field blank, except for the following: 

 

Blank ID Compound 

Blank 

Detection  

Affected 

Sample 

Original 

Result  

Qualified 

Result Units 

Field Blank TPH-GRO 
0.095  

(0.39) 

SV-303-3-A 

 

SV-303-1-B 

 

SV-303-1-D 

 

SV-303-1-C 

 

SV-303-1-E 

 

0.014  J 

(0.055  J) 

0.17 

(0.70) 

0.052  J 

(0.21  J) 

0.11 

(0.47) 

0.045  J 

(0.18  J) 

0.055  U 

(0.22  U) 

0.17  U 

(0.70  U) 

0.053  U 

(0.22  U) 

0.11  U 

(0.47  U) 

0.053  U 

(0.22  U) 

ppmv 

(µg/L) 

 

2.5 Surrogate Spikes 

 

Surrogate spikes were added to all samples as required by the method.  All surrogate spike 

%R values were within the laboratory control limits.   

 

2.6 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 

 

MS/MSD analyses were inapplicable for TPH-GRO in air samples. 
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2.7 Laboratory Control Sample (LCS) 

 

LCS analysis was performed as required by the method.  The %R value met the laboratory 

control limits. 

 

2.8 Laboratory Duplicates 

 

One set of laboratory duplicate pair (sample SV-303-2-B) was analyzed for TPH-GRO.  The 

RPD value met the control limit.   

 

2.9 Target Compound Identification 

 

The laboratory identified the gasoline results from C6 to C10 as specified by the method.  No 

anomalies were found in relation to gasoline range organic identification. 

 

2.10 Reporting Limits 

 

Sample results were reported from the quantitation within the linear ICAL ranges for GRO.  

The reported RLs were supported with adequate ICAL concentrations. Sample-specific RLs 

were adjusted to sample weight, dilution factor, and moisture content.  

 

A verification calculation was performed on 10% of the reported QC and sample analyses.  No 

anomalies were found via the verification calculation. 

 

2.11 Overall Assessment of TPH-GRO Data Usability 

 

TPH-GRO data are of known quality and acceptable for use, as qualified.  

 

 

3. Helium by GC/TCD (ASTM D-1946 Modified) 
 

3.1 Sample Management and Holding Times 

 

The summa canister for sample SV-303-1-A was leaking upon arrival at the laboratory.  The 

helium analysis was cancelled per URS management.  The field blank was received at low 

vacuum (0.5” Hg).  The helium analysis proceeded per URS project management. All other 

samples were received in the laboratory intact and in consistence with the accompanying 

COC documentation.  No anomalies were identified in relation to sample preservation, 

handling, and transport. 

 

Air samples in Summa canisters should be analyzed within 30 days of collection.  All samples 

were analyzed within the required holding time. 
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3.2 Initial Calibration 

 

The method and project require that (1) a minimum of 5-point calibration be performed 

using individual petroleum product reference standards to ensure the proper identification 

and quantitation of petroleum hydrocarbons in samples, (2) the calibration curve includes a 

sufficiently low standard to provide the necessary reporting limits, and (3) the %RSD should 

be ≤15% for helium.  The ICAL met the method requirements.  

 

An initial calibration verification standard (second source standard) was analyzed to verify 

the calibration curve.  The percent difference for each target compound was within ±15%; 

the initial calibration was valid.  

 

3.3 Calibration Verification 

 

The method and project require that (1) a mid-range check standard be analyzed prior to and 

after each analytical batch, and (2) the percent drift value be within ±15% of the true value.  

Calibration verifications were performed at the required frequency.  All %D values met the 

method criterion. 

 

3.4 Blanks 

 

Method Blanks: Method blank was prepared and analyzed as required. Helium was detected 

in the method blank above the MDL but lower than the RL. Sample results were either not 

detected, or detected at levels greater than five times the level found in the method blank, 

except for the following: 

 

Blank ID Analyte 

Blank 

Detection  

Affected 

Sample 

Original 

Result  

Qualified 

Results Units 

1007373C-12A Helium 0.0050  J 

SV-303-2-A 

SV-303-3-A 

SV-303-1-D 

0.0040  J 

0.0043  J 

0.046  J 

0.11  U 

0.14  U 

0.14  U 

% 

 

Field Blank: Field blank was collected at the proper frequency.  No target analyte was 

detected at or above the MDLs in the field blank. 

 

3.5 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 

 

MS/MSD analyses were inapplicable for helium analysis in air samples. 

 

3.6 Laboratory Control Sample (LCS) 

 

LCS analysis was performed as required by the method.  The helium percent recovery value 

met the laboratory control limit. 
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3.7 Laboratory Duplicates 

 

One set of laboratory duplicate pair (sample SV-303-1-E) was analyzed for helium.  The RPD 

value met the control limit.   

 

3.8 Target Compound Identification 

 

No anomalies were found in relation to helium identification.   

   

3.9 Reporting Limits 

 

Sample results were reported from the quantitation within the linear ICAL ranges for helium.  

The reported RLs were supported with adequate ICAL concentrations. Sample-specific RLs 

were adjusted to sample weight, dilution factor, and moisture content.  

 

A verification calculation was performed on 10% of the reported QC and sample analyses.  No 

anomalies were found via the verification calculation. 

 

3.10 Overall Assessment of Helium Data Usability 

 

Helium data are of known quality and acceptable for use, as qualified. 

 

 

4. APH  by GC/MS Full Scan (EPA Method TO-15 Modified) 
 

4.1 Sample Management 

 

The summa canister for sample SV-303-1-A was leaking upon arrival at the laboratory.  The 

analysis was cancelled per URS management.  The field blank was received at low vacuum 

(0.5” Hg).  The VOC analysis proceeded per URS project management. All other samples were 

received in the laboratory intact and in consistence with the accompanying COC 

documentation.  No anomalies were identified in relation to sample preservation, handling, 

and transport. 

 

Air samples in Summa canisters should be analyzed within 30 days of collection.  All samples 

were analyzed within the required holding time. 

 

4.2 GC/MS Instrument Performance Check 

 

Bromofluorobenzene (BFB) tuning was performed within each 12-hour interval. All required 

ion abundance ratios met the method requirements.  

  

4.3 Initial Calibration 

 

The initial calibration (ICAL) was established with more than five different concentrations for 

each target compound and surrogate spike. The average response factor approach was used 



Pyron Environmental, Inc. 

Data Validation Report 

URS Adak DO#7 

Laboratory SDG: 1007373 

 

 
 
 
 

 

Page 14 of 19 

for the quantitation of target compound. ARFs were >0.05 for all marker compounds. The 

ARFs %RSD values were <30% for all marker compounds. 

 

An initial calibration verification standard (second source standard) was analyzed to verify 

the calibration curve.  The percent difference (%D) value for each target compound was 

within ±30%; the initial calibration was valid.  

 

4.4 Calibration Verification 

 

Calibration verification was performed within each 12-hour interval. Relative response 

factors were >0.05 for all target compounds.  The %D values were within the ±30% criterion 

for all target compounds. 

 

4.5 Blanks 

 

Method Blanks: Method blanks were prepared and analyzed as required by the method. 

Target compounds were not detected in the method blank at or above their method 

detection limits (MDLs).  

 

Field Blanks:  Target compounds were not detected in the field blank at or above their MDLs.  

 

4.6 Laboratory Control Sample (LCS) 

 

LCS analyses were performed as required by the method. The LCS percent recovery (%R) 

values met the laboratory control limits. 

 

4.7 Surrogate Spikes 

 

Surrogate spikes were added to all samples as required by the method.  All surrogate spike 

%R values met the laboratory control limits. 

 

4.8 Internal Standard 

 

Proper internal standards were added to all samples.  All internal standard intensity met the 

method requirement of –50% to +100% of the associated standard.  Internal standard 

retention times were within the ±0.5 minute window (of the associated standard). 

 

4.9 Laboratory Duplicates 

 

The laboratory duplicate analysis was performed on sample SV-303-1-B. All relative percent 

difference (RPD) or concentration difference values were within the control limits. 

 

4.10 Compound Quantitation 

 

A verification calculation was performed on 10% of the reported QC and sample analyses.  No 

anomalies were found via the verification calculation.  Sample quantitation and reporting 

was correctly performed. 
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4.11 Target Compound Identification 

 

No anomalies were found in relation to target compound identification. 

 

4.12 Reporting Limits 

 

The RLs were supported with adequate ICAL concentrations. 

 

4.13 System Performance 

 

The system performance and stability over an analytical sequence was evaluated by 

examining chromatograms for abrupt baseline shifting, excessive baseline rise at elevated 

temperature, progressing peak tailing, or loss of resolution. In addition, the internal standard 

retention times and response areas are checked for trends of shifting.  No anomaly was 

observed. 

 

4.14 Overall Assessment of APH Data Usability   

 

APH results were quantitated and reported based on the integral response within the marker 

compounds for respective type (aliphatic and aromatic) and number of carbons in the 

molecule (C6, C8, and C10), rather than definitive identification of individual compounds. The 

reported results were qualified (NJ) for detects and (UJ) for non-detects; all APH results shall 

be used as estimated values. 
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SUMMARY 
 

 

Data qualification and assigned qualification codes are summarized as follows: 

 

Sample ID Analyte Data Qualifier Reason 

Report 

Section 

SV-303-2-A 

SV-303-2-B 

SV-303-2-C 

SV-303-2-D 

Naphthalene UJ 
Low biased - Continuing calibration 

verification  
1.4 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Acetone U Field blank contamination 
1.5 

FB 

SV-303-1-B 

SV-303-1-C 

SV-303-1-E 

2-Butanone U Field blank contamination 
1.5 

FB 

SV-303-2-A All positive VOCs  J High bias – surrogate recoveries 1.7 

SV-303-2-B All positive VOCs except toluene J High bias – surrogate recoveries 1.7 

SV-303-2-C All positive VOCs except toluene J High bias – surrogate recoveries 1.7 

SV-303-2-D All positive VOCs except toluene J High bias – surrogate recoveries 1.7 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Field Blank 

APH  
NJ/Detects 

UJ/ Non-detects 

The identification and quantitation 

of target compounds was not 

definitive.  

4.14 

 

 

Data affected by associated blanks are qualified and results adjusted as follows: 

 

Sample ID Compound Original Result  Adjusted Result Unit 

Report 

Section 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Field Blank 

Chlorobenzene 

0.21  J 

0.20  J 

0.17  J 

0.22  J 

0.18  J 

0.20  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.0  U 

ppbv 
1.5 

MB 
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Sample ID Compound Original Result  Adjusted Result Unit 

Report 

Section 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

1,3-Dichlorobenzene 0.26  J 

0.20  J 

0.14  J 

1.1  U 

1.1  U 

1.1  U 

ppbv 
1.5 

MB 

SV-303-3-A 

SV-303-1-B 
1,4-Dichlorobenzene 0.29  J 

0.24  J 

1.1  U 

1.1  U 

ppbv 
1.5 

MB 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Freon 12 

0.59  J 

0.49  J 

0.47  J 

0.51  J 

0.53  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 
1.5 

FB 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Freon 11 

0.27  J 

0.23  J 

0.18  J 

0.18  J 

0.20  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 
1.5 

FB 

SV-303-2-B 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Acetone 

48  J 

2.3  J 

14 

4.5 

20 

6.8 

210  U 

4.4  U 

4.3  U 

4.3  U 

4.3  U 

4.3  U 

ppbv 
1.5 

FB 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Carbon disulfide 

0.20  J 

0.43  J 

0.38  J 

0.86  J 

0.36  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 
1.5 

FB 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Methylene chloride 

0.74  J 

0.57  J 

0.51  J 

0.50  J 

0.49  J 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 
1.5 

FB 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

2-Butanone 

0.24  J 

2.4 

0.71  J 

3.0 

1.2 

1.1  U 

2.4  U 

1.1  U 

3.0  U 

1.2  U 

ppbv 
1.5 

FB 
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Sample ID Compound Original Result  Adjusted Result Unit 

Report 

Section 

SV-303-2-B 

SV-303-2-C 

SV-303-2-D 

SV-303-3-A 

SV-303-1-B 

SV-303-1-D 

SV-303-1-C 

SV-303-1-E 

Toluene 

29  J 

690  J 

810  J 

0.16  J 

0.51  J 

0.26  J 

0.36  J 

0.50  J 

53  U 

1100  U 

1100  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

1.1  U 

ppbv 
1.5 

FB 

SV-303-3-A 

 

SV-303-1-B 

 

SV-303-1-D 

 

SV-303-1-C 

 

SV-303-1-E 

 

TPH-GRO 

0.014  J 

(0.055  J) 

0.17 

(0.70) 

0.052  J 

(0.21  J) 

0.11 

(0.47) 

0.045  J 

(0.18  J) 

0.055  U 

(0.22  U) 

0.17  U 

(0.70  U) 

0.053  U 

(0.22  U) 

0.11  U 

(0.47  U) 

0.053  U 

(0.22  U) 

ppmv 

(µg/L) 

2.4 

FB 

SV-303-2-A 

SV-303-3-A 

SV-303-1-D 

Helium 

0.0040  J 

0.0043  J 

0.046  J 

0.11  U 

0.14  U 

0.14  U 

% 
3.4 

MB 
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Data Qualifier Reference Table 
 

Qualifier Organics Inorganics 

U 

The analyte was analyzed for, but was not 

detected above the reported sample quantitation 

limit. 

The material was analyzed for, but was not detected 

above the level of the associated value.  The 

associated value is either the sample quantitation limit 

or the sample detection limit. 

J 

The analyte was positively identified; the 

associated numerical value is the approximate 

concentration of the analyte in the sample. 

The associated value is an estimated quantity. 

N 

The analysis indicates the presence of an analyte 

for which there is presumptive evidence to make 

a "tentative identification." 

Not applicable. 

NJ 

The analysis indicates the presence of an analyte 

that has been "tentatively identified" and the 

associated numerical value represents its 

approximate concentration. 

Not applicable. 

 

UJ 

The analyte was not deemed above the reported 

sample quantitation limit.  However, the 

reported quantitation limit is approximate and 

may or may not represent the actual limit of 

quantitation necessary to accurately and 

precisely measure the analyte in the sample. 

The material was analyzed for, but was not detected.  

The associated value is an estimate and may be 

inaccurate or imprecise. 

 

R 

The sample results are rejected due to serious 

deficiencies in the ability to analyze the sample 

and to meet quality control criteria.  The 

presence or absence of the analyte cannot be 

verified. 

The data are unusable.  (Note: Analyte may or may not 

be present). 

 

A 
The data qualification is based on validator’s 

technical judgment. 

The data qualification is based on validator’s technical 

judgment. 

P 
The data qualification is a result of exceedance of 

protocol criteria. 

The data qualification is a result of exceedance of 

protocol criteria. 
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ACRONYMS 
 

 

%D Percent difference 

%R Percent recovery 

%RSD Percent relative standard deviation 

ARF Average response factor 

ASTM American Society for Testing and Materials 

BTEX Benzene, toluene, ethylbenzene, and o-, m-, & p-xylenes 

CLP U.S. EPA Contract Laboratory Program 

COC Chain-of-custody 

EFA Engineering Field Activity 

EPA U.S. Environmental Protection Agency 

FID Flame ionization detector 

GC/MS Gas chromatography/mass spectrometer 

GRO Gasoline range organics 

ICAL Initial calibration 

LCS Laboratory control sample duplicate 

LCSD Laboratory control sample 

µg/m
3 

Microgram per cubic meter 

MDL Method detection limit 

PID Photo ionization detector 

ppbv Parts per billion by volume 

ppmv Parts per million by volume 

QC Quality control 

RL Reporting limit 

RPD Relative percent difference 

SDG Sample delivery group 

TPH Total petroleum hydrocarbon 
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INTRODUCTION 
 

 

This report presents and discusses findings of the data validation performed on analytical data for 

samples collected during August 2010 for the referenced project. The laboratory reports validated 

herein were submitted by Air Toxics, Ltd. in one sample delivery group (SDG) – 1008699.   

 

A level IV data validation was performed on this laboratory report. The validation followed the 

guidelines and protocols below, as applicable: 

 

•••• Department of Defense (DoD) Quality Systems Manual for Environmental Laboratories 

(QSM), Final Version 4.1, DoD Environmental Data Quality Workgroup. April 2009. 

 

•••• USEPA Contract Laboratory Program National Functional Guidelines for Organic Data 

Review, Office of Emergency and Remedial Response, U.S. Environmental Protection 

Agency. October 1999, EPA540/R-99/008. 

 

•••• Naval Facilities Engineering Command Northwest (NAVFAC NW) Standard Operation 

Procedure (SOP): Field Standard Operating Procedures, Version 4.0. August, 2006. 

 

Data were evaluated using quality control (QC) criteria specified in the analytical methods and the 

laboratory control limits. Validation findings are discussed for each QC parameter pertinent to each 

type of analyses evaluated. Qualified data with applied data qualifiers are summarized in the 

Summary section at the end of this report. As part of the level IV validation, 10 percent of the initial 

calibrations, calibration verifications, laboratory QC analyses, and sample results were verified via 

re-calculation checks. Samples and the associated analyses validated herein are summarized as 

follows: 

 

Field Sample 

ID 

Laboratory 

Sample ID Sampling Date Matrix 

Analysis 

BTEX GRO He 

SV-303-1-A 1008699-01 8/27/2010 Air X X X 

SV-303-1-B 1008699-02 8/27/2010 Air X X X 

SV-303-1-C 1008699-03 8/27/2010 Air X X X 

SV-303-1-D 1008699-04 8/27/2010 Air X X X 

SV-303-2-A 1008699-05 8/27/2010 Air X X X 

SV-303-2-B 1008699-06 8/27/2010 Air X X X 

SV-303-2-D 1008699-07 8/27/2010 Air X X X 

SV-303-2-C 1008699-08 8/27/2010 Air X X X 

SV-303-2-E 1008699-09 8/27/2010 Air X X X 

Field Blank 1008699-10 8/27/2010 Air X X X 
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Notes:  

1. X - The analysis was requested and performed on the sample. 

2. BTEX – Benzene, toluene, ethylbenzene, and o-,m-, & p-xylenes 

3. GRO – Gasoline range organics 

4. He – Helium 

 
The analytical parameters requested for the samples, the respective analytical methods, and the 

laboratory are summarized below: 

 

Parameter Analytical Method Laboratory 

BTEX/GRO EPA Method TO-3 Modified 

Air Toxics Ltd., Folsom, California 

Helium ASTM D-1946 Modified 

Notes: 

1. EPA Method TO3 - USEPA Compendium of Methods for the Determination of Toxic Organic Compounds in Ambient Air: 

Method TO-15, EPA 600/625/R-96/010b. January 1999 

2. ASTM Standard D1946-90 - Standard Practice for Analysis of Reformed Gas by Gas Chromatography. ASTM 

International, West Conshohocken, PA, 2006, DOI: 10.1520/D1946-90R06 (ICS Number Code 75.160.30). 
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DATA VALIDATION FINDINGS 
 

 

1. TPH-GRO/BTEX by GC/FID/PID (EPA Method TO-3 Modified) 

 
1.1 Sample Management and Holding Times 

 

All samples were received in the laboratory intact and in consistence with the accompanying 

chain-of-custody (COC) documentation.  No anomalies were identified in relation to sample 

preservation, handling, and transport. 

 

Air samples in Summa canisters should be analyzed within 30 days of collection.  All samples 

were analyzed within the required holding time. 

 

1.2 Initial Calibration 

 

The method and project SAP require that (1) a minimum of 5-point calibration be performed 

using individual petroleum product reference standards to ensure the proper identification 

and quantitation of petroleum hydrocarbons in samples, (2) the calibration curve includes a 

sufficiently low standard to provide the necessary reporting limits, and (3) the percent 

relative standard deviation (%RSD) value should be ≤20%.  The ICAL met the method 

requirements.  

 

An initial calibration verification standard (second source standard) was analyzed to verify 

the calibration curve.  The percent difference (%D) value for each target compound is less 

than or equal to 25% and the initial calibration was valid.  

 

1.3 Calibration Verification 

 

The method and project require that (1) a mid-range check standard be analyzed prior to and 

after each analytical batch, and (2) the percent drift value be within ±25% of the true value.  

Calibration verifications were performed at the required frequency.  All %D values met the 

method criterion. 

 

1.4 Blanks 

 

Method Blanks: Method blank was prepared and analyzed as required. GRO, benzene, and o-

xylene were detected in the method blank at levels greater than the method detection limits 

(MDLs) but less than the reporting limits (RLs).  Sample results were either not detected, or 

detected at levels greater than five times the level found in the method blank, except for the 

following: 



Pyron Environmental, Inc. 

Data Validation Report 

URS Adak DO#7 

Laboratory SDG: 1008699 

 

 
 
 

Page 6 of 12 

 

Blank ID Compound 

Blank 

Detection  

Affected 

Sample 

Original 

Result  Qualified Result Units 

Method Blank 

1008699A-11A 
TPH-GRO 

0.0053 J 

(0.022 J) 

SV-303-1-A 

 

SV-303-1-B 

 

SV-303-1-C 

 

0.070 

(0.29) 

0.073 

(0.30) 

0.11 

(0.46) 

None (> 5X) 
ppmv 

(µg/L) 

Method Blank 

1008699A-11A 

TPH-GRO 
0.0053 J 

(0.022 J) 

SV-303-1-D 

 

0.068 

(0.28) 
None (> 5X) 

ppmv 

(µg/L) 

Toluene 
0.00031  J 

(0.0012 J) 

SV-303-1-A 

 

SV-303-1-B 

 

SV-303-1-C 

 

SV-303-1-D 

 

0.0022 U 

(0.0084  U) 

0.0023 U 

(0.0086  U) 

0.0023 U 

(0.0086  U) 

0.0022 U 

(0.0083  U) 

None (ND) 
ppmv 

(µg/L) 

o-Xylene 
0.00021  J 

(0.00090  J) 

SV-303-1-A 

 

SV-303-1-B 

 

SV-303-1-C 

 

SV-303-1-D 

 

0.0022 U 

(0.0084  U) 

0.0023 U 

(0.0086  U) 

0.00037  J 

(0.0016  J) 

0.0022 U 

(0.0083  U) 

None  (ND) 

 

None (ND) 

 

0.0023  U 

(0.0099  U) 

None (ND) 

 

ppmv 

(µg/L) 

Method Blank 

1008699A-11B 
TPH-GRO 

0.0071 J 

(0.029 J) 

SV-303-2-A 

 

SV-303-2-B 

 

SV-303-2-C 

 

SV-303-2-D 

 

SV-303-2-E 

 

Field Blank 

 

1000 

(4100) 

3100 

(1300) 

23000 

(95000) 

22000 

(91000) 

24000 

(96000) 

0.27 

(1.1) 

None (> 5X) 
ppmv 

(µg/L) 
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Blank ID Compound 

Blank 

Detection  

Affected 

Sample 

Original 

Result  Qualified Result Units 

Toluene 
0.00028  J 

(0.0010 J) 

SV-303-2-A 

 

SV-303-2-B 

 

SV-303-2-C 

 

SV-303-2-D 

 

SV-303-2-E 

 

Field Blank 

 

0.31 

(1.2) 

2.3 

(8.7) 

20 

(75) 

13 

(49) 

14 

(51) 

0.0021 U 

(0.0080 U) 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

None (ND) 

 

ppmv 

(µg/L) 

o-Xylene 
0.00013  J 

(0.00056  J) 

SV-303-2-A 

 

SV-303-2-B 

 

SV-303-2-C 

 

SV-303-2-D 

 

SV-303-2-E 

 

 Field Blank 

 

0.020 J 

(0.089 J) 

0.094 J 

(0.41 J) 

0.34 J 

(1.5 J) 

0.36 J 

(1.6 J) 

0.40  J 

(1.7 J) 

0.0021 U 

(0.0092 U) 

0.14 U 

(0.62 U) 

0.44 U 

(1.9 U) 

1.1 U 

(5.0 U) 

0.88 U 

(3.8 U) 

2.0  U 

(8.8  U) 

None (ND) 

 

ppmv 

(µg/L) 

 

Field Blank: Field blank was collected at the proper frequency.  TPH-GRO and benzene were 

detected in field blank above the RL. Sample results were either not detected, or detected at 

levels greater than five times the level found in the field blank, except for the following: 

 

Blank ID Compound 

Blank 

Detection  

Affected 

Sample 

Original 

Result  Qualified Result Units 

Field Blank TPH-GRO 
0.27  

(1.1) 

SV-303-1-A 

 

SV-303-1-B 

 

SV-303-1-C 

 

SV-303-1-D 

 

SV-303-2-A 

 

SV-303-2-B 

 

SV-303-2-C 

 

SV-303-2-D 

 

SV-303-2-E 

 

0.070 

(0.29) 

0.073 

(0.30) 

0.11 

(0.46) 

0.068 

(0.28) 

1000 

(4100) 

3100 

(1300) 

23000 

(95000) 

22000 

(91000) 

24000 

(96000) 

0.070  U 

(0.29  U) 

0.073  U 

(0.30  U) 

0.11  U 

(0.46  U) 

0.068  U 

(0.28  U) 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

ppmv 

(µg/L) 
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Blank ID Compound 

Blank 

Detection  

Affected 

Sample 

Original 

Result  Qualified Result Units 

Field Blank Benzene 
0.0051 

(0.016) 

SV-303-1-A 

 

SV-303-1-B 

 

SV-303-1-C 

 

SV-303-1-D 

 

SV-303-2-A 

 

SV-303-2-B 

 

SV-303-2-C 

 

SV-303-2-D 

 

SV-303-2-E 

 

0.0020 J 

(0.0064 J) 

0.0021 J 

(0.0068 J) 

0.0030 

(0.0095) 

0.0018 J 

(0.0059 J) 

58 

(180) 

110 

(350) 

460 

(1500) 

410 

(1300) 

450 

(1400) 

0.0022  U 

(0.0072  U) 

0.0023  U 

(0.0073  U) 

0.0030  U 

(0.0095  U) 

0.0022  U 

(0.0070  U) 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

None (> 5X) 

 

ppmv 

(µg/L) 

 

1.5 Surrogate Spikes 

 

Surrogate spikes were added to all samples as required by the method.  All surrogate spike 

percent recovery (%R) values were within the laboratory control limits.   

 

1.6 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 

 

MS/MSD analyses were inapplicable for TPH-GRO and BTEX in air samples. 

 

1.7 Laboratory Control Sample (LCS) and LCS Duplicate (LCSD) 

 

LCS/LCSD analyses were performed as required by the method.  All %R and relative percent 

difference (RPD) values met the laboratory control limits. 

 

1.8 Target Compound Identification 

 

No anomalies were found in relation to gasoline range organic identification. 

 

1.9 Reporting Limits 

 

Sample results were reported from the quantitation within the linear ICAL ranges. The 

reported RLs were supported with adequate ICAL concentrations. Sample-specific RLs were 

adjusted to sample weight, dilution factor, and moisture content.  

 

A verification calculation was performed on 10% of the reported QC and sample analyses.  No 

anomalies were found via the verification calculation. 
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1.10 Overall Assessment of GRO and BTEX Data Usability 

 

GRO and BTEX data are of known quality and acceptable for use, as qualified. 

 

 

2. Helium by GC/TCD (ASTM D-1946 Modified) 
 

2.1 Sample Management and Holding Times 

 

All samples were received in the laboratory intact and in consistence with the accompanying 

COC documentation.  No anomalies were identified in relation to sample preservation, 

handling, and transport. 

 

Air samples in Summa canisters should be analyzed within 30 days of collection.  All samples 

were analyzed within the required holding time. 

 

2.2 Initial Calibration 

 

The method and project require that (1) a minimum of 5-point calibration be performed 

using individual petroleum product reference standards to ensure the proper identification 

and quantitation of petroleum hydrocarbons in samples, (2) the calibration curve includes a 

sufficiently low standard to provide the necessary reporting limits, and (3) the %RSD should 

be ≤15% for helium.  The ICAL met the method requirements.  

 

An initial calibration verification standard (second source standard) was analyzed to verify 

the calibration curve. The percent difference for each target compound was within ±15%; the 

initial calibration was valid.  

 

2.3 Calibration Verification 

 

The method and project require that (1) a mid-range check standard be analyzed prior to and 

after each analytical batch, and (2) the %D value be within ±15% of the true value.  

Calibration verifications were performed at the required frequency.  All %D values met the 

method criterion. 

 

2.4 Blanks 

 

Method Blanks: Helium was detected in method blank above the MDL at 0.0046%.  Sample 

results were either not detected, or detected at levels greater than five times the level found 

in the method blank.  No data qualifying action was necessary. 

 

Field Blank: Field blank was collected at the proper frequency. Helium was not detected at or 

above the MDL in the field blank. 
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2.5 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 

 

MS/MSD analyses were inapplicable for helium analysis in air samples. 

 

2.6 Laboratory Control Sample (LCS) and LCS Duplicate (LCSD) 

 

LCS/LCSD analyses were performed as required by the method.  The %R and RPD values met 

the laboratory control limits. 

 

2.7 Target Compound Identification 

 

No anomalies were found in relation to helium identification.   

 

2.8 Reporting Limits 

 

Sample results were reported from the quantitation within the linear ICAL ranges for helium.  

The reported RLs were supported with adequate ICAL concentrations. Sample-specific RLs 

were adjusted to sample weight, dilution factor, and moisture content.  

 

A verification calculation was performed on 10% of the reported QC and sample analyses.  No 

anomalies were found via the verification calculation. 

 

2.9 Overall Assessment of Helium Data Usability 

 

Helium data are of known quality and acceptable for use. 
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SUMMARY 
 

 

Data qualification and assigned qualification codes are summarized as follows: 

 

Sample ID Analyte 

Data 

Qualifier Reason 

Report 

Section 

SV-303-1-A 

SV-303-1-B 

SV-303-1-C 

SV-303-1-D 

TPH-GRO U Field blank contamination 
1.5 

EB 

SV-303-1-C Benzene U Field blank contamination 
1.5 

EB 

 

 

Data affected by associated blanks are qualified and results adjusted as follows: 

 

Sample ID Compound Original Result  Adjusted Result Unit 

Report 

Section 

SV-303-1-C o-Xylene 
0.00037  J 

(0.0016  J) 

0.0023  U 

(0.0099  U) 

ppmv 

(µg/L) 

1.5 

MB 

SV-303-2-A 

 

SV-303-2-B 

 

SV-303-2-C 

 

SV-303-2-D 

 

SV-303-2-E 

 

o-Xylene 

0.020 J 

(0.089 J) 

0.094 J 

(0.41 J) 

0.34 J 

(1.5 J) 

0.36 J 

(1.6 J) 

0.40  J 

(1.7 J) 

0.14 U 

(0.62 U) 

0.44 U 

(1.9 U) 

1.1 U 

(5.0 U) 

0.88 U 

(3.8 U) 

2.0  U 

(8.8  U) 

ppmv 

(µg/L) 

1.5 

MB 

SV-303-1-A 

 

SV-303-1-B 

 

SV-303-1-D 

 

Benzene 

0.0020 J 

(0.0064 J) 

0.0021 J 

(0.0068 J) 

0.0018 J 

(0.0059 J) 

0.0022  U 

(0.0072  U) 

0.0023  U 

(0.0073  U) 

0.0022  U 

(0.0070  U) 

ppmv 

(µg/L) 

1.5 

FB 

 

 

 

Approved by:                                       Date:      10/10/2010 

 

Mingta Lin 
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Data Qualifier Reference Table 
 

Qualifier Organics Inorganics 

U 

The analyte was analyzed for, but was not 

detected above the reported sample quantitation 

limit. 

The material was analyzed for, but was not detected 

above the level of the associated value.  The 

associated value is either the sample quantitation limit 

or the sample detection limit. 

J 

The analyte was positively identified; the 

associated numerical value is the approximate 

concentration of the analyte in the sample. 

The associated value is an estimated quantity. 

N 

The analysis indicates the presence of an analyte 

for which there is presumptive evidence to make 

a "tentative identification." 

Not applicable. 

NJ 

The analysis indicates the presence of an analyte 

that has been "tentatively identified" and the 

associated numerical value represents its 

approximate concentration. 

Not applicable. 

 

UJ 

The analyte was not deemed above the reported 

sample quantitation limit.  However, the 

reported quantitation limit is approximate and 

may or may not represent the actual limit of 

quantitation necessary to accurately and 

precisely measure the analyte in the sample. 

The material was analyzed for, but was not detected.  

The associated value is an estimate and may be 

inaccurate or imprecise. 

 

R 

The sample results are rejected due to serious 

deficiencies in the ability to analyze the sample 

and to meet quality control criteria.  The 

presence or absence of the analyte cannot be 

verified. 

The data are unusable.  (Note: Analyte may or may not 

be present). 

 

A 
The data qualification is based on validator’s 

technical judgment. 

The data qualification is based on validator’s technical 

judgment. 

P 
The data qualification is a result of exceedance of 

protocol criteria. 

The data qualification is a result of exceedance of 

protocol criteria. 

 

  

 



 

 

APPENDIX B 

Summary of Analytical Results in Soil Vapor, Area 303



SV-303-1-A SV-303-3-A

08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-2010 07-15-2010 08-27-20102
07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010 08-27-2010 07-14-2010

TO-15 1,1,1-TRICHLOROETHANE - 5.9 U - 5.9 U - 5.8 U - 59 U - 290 U - 6,100 U - 5,800 U - 6 U
TO-15 1,1,2,2-TETRACHLOROETHANE - 7.4 U - 7.4 U - 7.3 U - 74 U - 360 U - 7,700 U - 7,300 U - 7.6 U

TO-15
1,1,2-TRICHLORO-1,2,2-
TRICHFLUOROETHANE - 8.3 U - 8.3 U - 8.2 U - 83 U - 410 U - 8,600 U - 8,200 U - 8.4 U

TO-15 1,1,2-TRICHLOROETHANE - 5.9 U - 5.9 U - 5.8 U - 59 U - 290 U - 6,100 U - 5,800 U - 6 U
TO-15 1,1-DICHLOROETHANE - 4.4 U - 4.4 U - 4.3 U - 44 U - 210 U - 4,500 U - 4,300 U - 4.4 U
TO-15 1,1-DICHLOROETHENE - 4.3 U - 4.3 U - 4.2 U - 43 U - 210 U - 4,400 U - 4,200 U - 4.4 U
TO-15 1,2,4-TRICHLOROBENZENE - 32 U - 32 U - 32 U - 320 U - 1,600 U - 33,000 U - 32,000 U - 33 U
TO-15 1,2,4-TRIMETHYLBENZENE - 2.9 J - 5.3 U - 5.2 U - 53 U - 260 U - 5,500 U - 2,400 J - 5.4 U
TO-15 1,2-DIBROMOETHANE - 8.3 U - 8.3 U - 8.2 U - 83 U - 410 U - 8,600 U - 8,200 U - 8.4 U
TO-15 1,2-DICHLOROBENZENE - 6.5 U - 6.5 U - 6.4 U - 65 U - 320 U - 6,700 U - 6,400 U - 6.6 U
TO-15 1,2-DICHLOROETHANE - 4.4 U - 4.4 U - 4.3 U - 44 U - 210 U - 4,500 U - 4,300 U - 4.4 U
TO-15 1,2-DICHLOROPROPANE - 5 U - 5 U - 4.9 U - 50 U - 240 U - 5,200 U - 4,900 U - 5.1 U
TO-15 1,3,5-TRIMETHYLBENZENE - 0.95 J - 5.3 U - 5.2 U - 53 U - 60 J - 5,500 U - 3,000 J - 5.4 U
TO-15 1,3-DICHLOROBENZENE - 6.5 U - 6.5 U - 6.4 U - 65 U - 320 U - 6,700 U - 6,400 U - 6.6 U
TO-15 1,4-DICHLOROBENZENE - 6.5 U - 6.5 U - 6.4 U - 65 U - 320 U - 6,700 U - 6,400 U - 6.6 U
TO-15 4-METHYL-2-PENTANONE - 1.2 J - 4.4 U - 4.4 U - 44 U - 220 U - 4,600 U - 4,400 U - 4.5 U
TO-15 BENZENE - 0.68 J - 3.4 U - 3.4 U - 34 U - 170 U - 3,600 U - 3,400 U - 3.5 U
TO-3 BENZENE3 7.2 U - 7.3 U - 9.5 U - 9 U - 180,000 M - 350,000 - 1,500,000 - 1,300,000
TO-15 BROMODICHLOROMETHANE - 7.2 U - 7.2 U - 7.1 U - 72 U - 360 U - 7,500 U - 7,100 U - 7.4 U
TO-15 BROMOFORM - 11 U - 11 U - 11 U - 110 U - 550 U - 12,000 U - 11,000 U - 11 U
TO-15 BROMOMETHANE - 4.2 U - 4.2 U - 4.1 U - 42 U - 200 U - 4,300 U - 4,100 U - 4.3 U
TO-15 CARBON DISULFIDE - 3.4 U - 3.4 U - 3.3 U - 34 U - 160 U - 3,500 U - 3,300 U - 3.4 U
TO-15 CARBON TETRACHLORIDE - 6.8 U - 6.8 U - 6.7 U - 68 U - 330 U - 7,000 U - 6,700 U - 6.9 U
TO-15 CHLOROBENZENE - 5 U - 5 U - 4.9 U - 50 U - 240 U - 5,200 U - 670 J - 5.1 U
TO-15 CHLOROETHANE - 2.8 U - 2.8 U - 2.8 U - 28 U - 140 U - 3,000 U - 2,800 U - 2.9 U
TO-15 CHLOROFORM - 2.1 J - 1.5 J - 5.2 U - 53 U - 260 U - 5,500 U - 5,200 U - 3 J
TO-15 CHLOROMETHANE - 8.9 U - 8.9 U - 8.8 U - 89 U - 440 U - 9,200 U - 8,800 U - 9.1 U
TO-15 CIS-1,2-DICHLOROETHENE - 4.3 U - 4.3 U - 4.2 U - 43 U - 210 U - 4,400 U - 4,200 U - 4.4 U
TO-15 CIS-1,3-DICHLOROPROPENE - 4.9 U - 4.9 U - 4.8 U - 49 U - 240 U - 5,100 U - 4,800 U - 5 U
TO-15 DIBROMOCHLOROMETHANE - 9.2 U - 9.2 U - 9.1 U - 92 U - 450 U - 9,500 U - 9,100 U - 9.4 U
TO-15 DICHLORODIFLUOROMETHANE - 5.3 U - 5.3 U - 5.3 U - 53 U - 260 U - 5,500 U - 5,300 U - 5.4 U
TO-15 ETHYLBENZENE - 2.1 J - 4.7 U - 2.6 J - 47 U - 230 U - 35,000 - 77,000 - 0.9 J
TO-3 ETHYLBENZENE 9.7 U - 9.9 U - 9.9 U - 12 U - 150 J - 1,900 U - 37,000 - 25,000
TO-15 HEXACHLOROBUTADIENE - 46 U - 46 U - 45 U - 460 U - 2,300 U - 48,000 U - 45,000 U - 47 U
TO-15 ISOPROPYLBENZENE - 5 J - 5.3 U - 5.2 U - 7.1 J - 81 J - 94,000 - 320,000 - 1.8 J
TO-15 M- AND P-XYLENE - 3.8 J - 4.7 U - 2.2 J - 22 J - 130 J - 28,000 - 93,000 - 1.3 J
TO-3 M- AND P-XYLENE 9.7 U - 9.9 U - 9.9 U - 12 U - 620 U - 2,100 - 45,000 - 15,000 M
TO-15 METHYL TERT-BUTYL ETHER - 3.9 U - 3.9 U - 3.8 U - 39 U - 190 U - 4,000 U - 3,800 U - 4 U
TO-15 METHYLENE CHLORIDE - 3.8 U - 3.8 U - 3.7 U - 38 U - 180 U - 3,900 U - 3,700 U - 3.8 U
TO-15 NAPHTHALENE - 23 U - 23 U - 22 U - 230 UJ - 1,100 UJ - 23,000 UJ - 22,000 UJ - 23 U
TO-15 O-XYLENE - 1.3 J - 4.7 U - 2 J - 47 U - 230 U - 4,900 U - 3,500 J - 4.8 U
TO-3 O-XYLENE 9.7 U - 9.9 U - 9.9 U - 12 U - 620 U - 1,900 U - 5,000 U - 3,800 U
TO-15 PROPYLBENZENE - 5.3 U - 5.3 U - 5.2 U - 53 U - 260 U - 5,500 U - 5,200 U - 5.4 U
TO-15 STYRENE - 4.6 U - 4.6 U - 4.5 U - 46 U - 220 U - 4,800 U - 4,500 U - 4.7 U
TO-15 TETRACHLOROETHENE - 7.3 U - 7.3 U - 7.2 U - 73 U - 360 U - 3,500 J - 7,200 U - 7.5 U
TO-15 TOLUENE - 4.1 U - 4.1 U - 4 U - 58 - 200 U - 4,200 U - 4,000 U - 4.1 U
TO-3 TOLUENE 8.4 U - 8.6 U - 8.6 U - 11 U - 1,200 - 8,700 - 75,000 - 49,000
TO-15 TPH-C6-C8 ALIPHATICS - 95 NJ - 88 UJ - 87 UJ - - - - - - - - - 90 UJ
TO-15 TPH-C8-C10 ALIPHATICS - 120 UJ - 120 UJ - 120 UJ - - - - - - - - - 130 UJ
TO-15 TPH-C8-C10 AROMATICS - 110 UJ - 110 UJ - 100 UJ - - - - - - - - - 110 UJ
TO-3 TPH-GASOLINE RANGE C6-C10 290 U 700 U 300 U 470 U 460 U 220 U 359 U 1,100,000 4,100,000 12,000,000 13,000,000 80,000,000 96,000,000 100,000,000 91,000,000 220 U
TO-15 TRANS-1,2-DICHLOROETHENE - 4.3 U - 4.3 U - 4.2 U - 43 U - 210 U - 4,400 U - 4,200 U - 4.4 U
TO-15 TRANS-1,3-DICHLOROPROPENE - 4.9 U - 4.9 U - 4.8 U - 49 U - 240 U - 5,100 U - 4,800 U - 5 U
TO-15 TRICHLOROETHENE - 5.8 U - 5.8 U - 5.7 U - 58 U - 280 U - 6,000 U - 5,700 U - 5.9 U
TO-15 TRICHLOROFLUOROMETHANE - 6.1 U - 6.1 U - 6 U - 61 U - 300 U - 6,300 U - 6,000 U - 6.2 U
TO-15 VINYL CHLORIDE - 2.8 U - 2.8 U - 2.7 U - 28 U - 140 U - 2,900 U - 2,700 U - 2.8 U
D1946 HELIUM 0.11 U 0.28 U 0.11 U 0.16 U 0.11 U 0.30 6.9 0.11 U 0.11 U 0.14 U 0.11 U 0.11 U 0.11 U 0.11 U 0.11 U 0.14 U
Notes

(1) All concentrations are in µg/m3, except for helium concentrations, which are given in percent. In the sampling location terminology A is 5 feet (ft) below ground surface (bgs), B is 10 ft bgs, C is 15 ft bgs, and D is 20 ft bgs.
(2) Chemical concentrations reported by the lab were adjusted because helium concentrations in the sample were 22 percent of the helium concentration under the sampling shroud.  Therefore, sample results have been divided by 0.78.

J - estimated value

NJ - analyte is "tentatively identified" at an approximate concentration.

SV-303-2-DSV-303-1-D SV-303-2-A SV-303-2-B SV-303-2-C

Appendix B
Summary of Analytical Results in Soil Vapor, Area 3031

UJ - not detected above an estimated reporting limit
U - not detected above the reporting limit

AnalyteMethod

M - reported value may be biased due to matrix interference

(3) The benzene results by method TO-3 were excluded from the risk assessment dataset. The benzene results by method TO-3 (gas chromatograph/photoionization device) are likely caused by another compound that elutes at the same time as benzene.  Tentatively identified compoun
     2-methylbutanol was identified using TO-15 (gas chromatograph/mass spectrometer).  A mass spectrometer used in TO-15 is more definitive than a photoionization device which is less selective.  2-methylbutanol elutes at nearly the same retention time as benzene.

SV-303-1-B SV-303-1-C
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DATA ENTRY SHEET

ENTER ENTER ENTER Infinite
Soil Soil source

Chemical gas gas bldg.
CAS No. conc., OR conc., conc.,

(numbers only, Cg Cg Cbuilding

no dashes) (µg/m3) (ppmv) Chemical (µg/m3)

95636 5.30E+01 1,2,4-Trimethylbenzene 3.62E-03

108678 5.30E+01 1,3,5-Trimethylbenzene 3.62E-03

71432 3.40E+01 Benzene 2.57E-03

100414 1.50E+02 Ethylbenzene 1.09E-02

98828 7.10E+00 Isopropylbenzene 4.96E-04

106423 2.20E+01 p-Xylene 1.61E-03

127184 7.30E+01 Tetrachloroethylene 5.25E-03

1 2.87E+06 C6-C10 Aliphatic 2.23E+02

2 2.05E+06 C6-C10 Aromatics 1.60E+02

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Depth Totals must add up to value of Ls (cell F24) Soil

below grade Soil gas Thickness Thickness stratum A User-defined
to bottom sampling Average Thickness of soil of soil SCS stratum A

of enclosed depth soil of soil stratum B, stratum C, soil type soil vapor
space floor, below grade, temperature, stratum A, (Enter value or 0) (Enter value or 0) (used to estimate OR permeability,

LF Ls TS hA hB hC soil vapor kv

(cm) (cm) (oC) (cm) (cm) (cm) permeability) (cm2)

15 152.4 10 152.4 0 0 S

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
MORE Stratum A Stratum A Stratum A Stratum A Stratum B Stratum B Stratum B Stratum B Stratum C Stratum C Stratum C Stratum C

SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled SCS soil dry soil total soil water-filled
soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity, soil type bulk density, porosity, porosity,

ρb
A nA θw

A ρb
B nB θw

B ρb
C nC θw

C

(g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3) (g/cm3) (unitless) (cm3/cm3)

1.36 0.493 0.136 1.5 0.43 0.215 1.5 0.43 0.215

ENTER ENTER ENTER ENTER ENTER ENTER ENTER ENTER
Enclosed Enclosed Enclosed Average vapor

MORE space Soil-bldg. space space Enclosed Floor-wall Indoor flow rate into bldg.
floor pressure floor floor space seam crack air exchange OR

thickness, differential, length, width, height, width, rate, Leave blank to calculate
Lcrack ∆P LB WB HB w ER Qsoil

(cm) (g/cm-s2) (cm) (cm) (cm) (cm) (1/h) (L/m)

10 40 5791 1981 488 0.1 2

ENTER ENTER ENTER ENTER
Averaging Averaging
time for time for Exposure Exposure

carcinogens, noncarcinogens, duration, frequency,
ATC ATNC ED EF
(yrs) (yrs) (yrs) (days/yr)

70 30 30 350

END

Soil Gas Concentration Data

SG-ADV
Version 3.1; 02/04

Reset to 
Defaults

Lookup Soil 
Parameters

Lookup Soil 
Parameters

Lookup Soil 
Parameters

1 of 1
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APPENDIX D 
Chemical Toxicity Profiles 

Toxic effects of the chemicals of potential concern are presented in this appendix.  In general, the 
information has been summarized from the latest available Agency for Toxic Substances and 
Disease Registry (ATSDR), U.S. Environmental Protection Agency (EPA) Integrated Risk 
Information System (IRIS), and Oak Ridge National Laboratory Toxicity Values online 
databases. 
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PETROLEUM HYDROCARBONS 

Petroleum products are complex mixtures of hundreds of different hydrocarbon compounds.  
These mixtures can roughly be divided into four categories based on the boiling point (i.e., the 
distillation fraction) of the individual hydrocarbons and the length of the carbon chains.  These 
four categories are (1) gasoline, where the majority of the hydrocarbons have carbon chain 
lengths ranging from 5 carbons to 10 carbons (C5 to C10), (2) the middle distillates (e.g., 
kerosene, diesel, jet fuels, and lighter fuel oils [C8 to C18]), (3) heavy fuel oils and lubricating 
oils (C19 to C45), and (4) asphaltics (C30+) (API 1989; Sullivan and Johnson 1993). 

Total petroleum hydrocarbons (TPH) are defined by the analytical method used to evaluate them, 
i.e., concentrations of TPH will differ depending on the type of analysis.  The current 
recommended approach for assessing petroleum toxicity is to identify the original source and 
analyze the environmental samples by methods that test for specific carbon fraction ranges as 
well as aliphatic and aromatic fractions (TPHCWG 1999a, b).  These divisions were selected 
based on both the similarity of behavior in the environment (i.e., fate and transport 
characteristics) and toxicity.  If these data are available, then surrogate compounds for which 
toxicity information is available can be selected for each fraction and the mixture can be 
evaluated.  The surrogate approach involves the separation of the petroleum mixtures into 
aliphatic and aromatic equivalent carbon-range fractions (i.e., EC5 to EC8) and the use of 
surrogate compounds or derived values to represent the toxicity of those fractions (ADEC 2008).  
ADEC recommends the toxicity criteria selected by the Total Petroleum Hydrocarbon Criteria 
Working Group (TPHCWG) for sites in Alaska (ADEC 2008).  The State’s carbon chain lengths 
for their recommended divisions of petroleum compounds, i.e., gasoline-range organics (GRO), 
diesel-range organics (DRO), and residual-range organics (RRO), are not identical to the 
fractions proposed by the TPHCWG on which TPHCWG based their toxicity studies.  It is not 
known if the relatively slight differences in carbon chain length fractions would have an impact 
on toxicity.  The surrogate compounds and toxicity criteria for the various aliphatic and aromatic 
carbon-range fractions developed by the TPHCWG and recommended by the ADEC guidance 
are summarized on Table 1.  Only noncancer toxicity criteria are available for the petroleum 
groups.  Carcinogenic effects are not evaluated for the petroleum ranges.  Rather, the individual 
carcinogenic compounds present in petroleum (i.e., benzene) are evaluated separately. 

A discussion of the surrogate compounds and toxicity criteria used to evaluate petroleum 
compounds at this site (GRO) is provided below. 
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GRO (ADEC CARBON CHAIN LENGTH C6–C10) 

Gasoline (unweathered) is a complex mixture of over 200 petroleum-derived chemicals 
consisting primarily of aliphatic hydrocarbons (up to 62 percent; MDEP 1994), and to a lesser 
extent of aromatic hydrocarbons, and polycyclic aromatic hydrocarbons (PAHs).  Additives or 
octane enhancers are frequently added to gasoline.  The range of gasoline hydrocarbons is 
typically from C4 to C12 (State of California 1989) with the majority of the compounds within C5 
to C10.  In the absence of benzene (discussed separately) and potentially ethylbenzene (also 
discussed separately), gasoline is unlikely to be carcinogenic and its primary toxic effects are 
related to central nervous system depression (ATSDR 1999).  Long-term effects from exposure 
to weathered product in the environment are not known.  For fresh product, intermittent gasoline 
vapor exposure is common among gas station attendants and mechanics and appears to result in 
generally little to no toxic effect (Andrews and Snyder 1991).  ADEC (2008) has adopted the 
toxicity criteria recommended by the TPHCWG to evaluate the toxicity of the GRO fractions, as 
discussed below. 

Aliphatic Fraction Toxicity Criteria 

ADEC (2008) recommends an oral RfD of 5 mg/kg-day and the RfC of 18 mg/m3 to evaluate the 
toxicity of the aliphatic C6 to C10 fraction.  These values are based on the TPHCWG’s 
recommended use of commercial hexane as the surrogate compound to represent the toxicity of 
the C5 to C8 fraction.  The commercial hexane RfD and RfC were derived from studies of 
exposure to commercial hexane (<53 percent) by rodents (TPHCWG 1999a, 1999b).  The 
inhalation value was derived from several rodent studies applying a NOAEL of 3,000 ppm 
(adjusted to 1,840 mg/m3) and an uncertainty factor of 100 (for animal to human extrapolation 
and intrahuman variability).  The oral RfD was calculated using the inhalation RfC (assuming an 
inhalation rate for a 70 kg human of 20 m3/day and 100% absorption).  The critical effect for the 
both oral and inhalation RfC is neurotoxicity. 

Aromatic Fraction Toxicity Criteria 

ADEC (2008) recommends an oral RfD of 0.2 mg/kg-day and RfC of 0.4 mg/m3 to evaluate the 
toxicity of the aromatic C6 to C10 fraction.  These values are based on the TPHCWG’s 
recommendations for the C5 to C8 fraction and use toluene as the surrogate compound to 
represent the toxicity of the entire fraction.  These values were based EPA’s recommended 
toxicity criteria for toluene prior to 2005 and were derived from a rat study that reported changes 
in liver and kidney weights.  In 2005, EPA (2010) updated their recommended toxicity criteria 
for toluene to a RfD of 0.08 mg/kg-day and RfC of 5 mg/m3 .  However, ADEC (2008) continues 
to recommend the RfD of 0.2 mg/kg-day and RfC of 0.4 mg/m3 to evaluate the toxicity of the 
aromatic C6 to C10 fraction. 
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Table 1 
Fractions, Surrogates and Toxicity Reference Doses for 

Total Petroleum Hydrocarbon Compounds (ADEC 2008) 

ADEC Compound and 
Carbon-Range Fraction 

TPHCWG 
Surrogate Compound for 

ADEC Carbon Ranges 
Oral RfD 

(mg/kg-day) 
Inhalation RfC 

(mg/m3) 
Aliphatics 

GRO (C6 – C10) Commercial hexane 5.0 18.4 
Aromatics 
GRO (C6 – C10) Toluene 0.2 0.4 

Notes: 
ADEC - Alaska Department of Environmental Conservation 
GRO - gasoline-range organics 
mg/kg - milligram per kilogram per day 
mg/m3 - milligram per meter cubed 
RfC - reference concentration 
RfD - reference dose 
TPHCWG - Total Petroleum Hydrocarbon Criteria Working Group 
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BENZENE 

Benzene is widely used as an industrial solvent, an intermediate in chemical synthesis of 
commercial products, and a component of gasoline (USEPA 2002).  The potential for human 
exposure via inhalation, dermal, and oral routes is great under environmental and occupational 
situations (USEPA 2002). 

The EPA reports an oral RfD for benzene of 0.004 mg/kg-day and an inhalation RfC of 0.03 
mg/m3 (USEPA 2010).  The critical study for both the oral and inhalation values was a human 
occupational study where the toxic endpoint was decreased lymphocyte counts.  EPA assigned 
an uncertainty factor of 300 to both the oral and inhalation values, of which a factor of 3 was for 
subchronic-to-chronic adjustment.  EPA’s confidence in the chronic oral and inhalation RfDs is 
medium. No adjustment was made to the chronic RfDs to evaluate the commercial worker 
exposure scenario. 

Under the proposed revised carcinogen risk assessment guidelines (USEPA 1996), benzene is 
characterized as a known human carcinogen for all routes of exposure based upon convincing 
human evidence from occupational epidemiological studies as well as supporting evidence from 
animal studies (USEPA 2010).  Significantly increased risk of leukemia, primarily acute 
myelogenous leukemia (AML), have been reported in benzene-exposed workers in the chemical 
industry, shoemaking and oil refineries (USEPA 2010).  EPA’s IRIS file on benzene summarizes 
several key studies that support the weight of evidence classification that exposure to benzene is 
causally related to an increase in the risk of cancer, specifically leukemia.  Included in these 
studies are the effects of benzene exposure among 28,500 Turkish shoe industry workers; a 
retrospective cohort mortality study where leukemogenic effects of benzene exposure in 748 
white male workers in a rubber products manufacturing plant were examined; and two cohort 
studies by where an extension and elaboration for the initial analysis done for the rubber plant 
workers was performed (USEPA 2010).  These studies were selected by the EPA as the critical 
studies for dose-response analysis and for the quantitative estimation of cancer risk to humans  
(USEPA 2010). 

The true cancer risk from exposure to inhaled benzene cannot be ascertained because of 
uncertainties in the low-dose exposure scenarios and lack of clear understanding of the mode of 
action.  Therefore, “a range of estimates of risk is recommended, each having equal scientific 
plausibility.  The range estimates are maximum likelihood values (i.e., best statistical estimates) 
and were derived from observable dose responses using a linear extrapolation model to estimate 
low environmental exposure risks…The use of a linear model is a default public health protective 
approach and an argument both for and against recognizing supra- and sublinear relationships 
at low doses and non-threshold or threshold modes of action on exposure to benzene.  Therefore, 
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the risk could be either higher or lower” (USEPA 2010).  Thus, the inhalation unit risk estimate 
for benzene is reported as a range, from 2.2E-06 to 7.8E-06 per µg/m3.  Risks from benzene 
inhalation evaluated in this assessment used the higher unit risk value of 7.8 E-06 (µg/m3)-1 as 
recommended by ADEC (2008). 

The oral slope factor for benzene is based on route to route extrapolation from the inhalation unit 
risk.  No relevant data exist in the published literature for oral absorption of benzene in humans. 
Inhalation absorption is assumed to be about 50% while that of oral is selected as 100% based 
upon a review of the relevant human and animal literature (U.S. EPA, 1999). The inhalation unit 
risk range (per µg/m3) is first converted to the oral slope factor, which is in units of risk per 
µg/kg/day, by assuming a standard air intake of 20 m3/day, a standard body weight of 70 kg for 
an adult human, and 50% absorption via inhalation. The oral SF for benzene is reported as a 
range, from 1.5 x 10-2 to 5.5 x 10-2 (mg/kg-day)-1. 
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ETHYLBENZENE 

Ethylbenzene is a colorless liquid that smells like gasoline and has an odor threshold of 
approximately 2 parts per million (ppm) in air.  Ethylbenzene is used primarily in the production 
of styrene, but is also used as a solvent, a component of asphalt and naphtha, and in fuels 
(gasoline contains about 2 percent ethylbenzene by weight).  Consumer products containing 
ethylbenzene include pesticides, carpet glues, varnishes and paints, and tobacco products.  Acute 
inhalation exposure of humans to high levels of ethylbenzene has been documented to irritate the 
eyes and throat and adversely affect the central nervous system (CNS).  CNS effects include 
dizziness, headaches, confusion, and weakness.  There are no reliable data on toxic effects in 
humans following ingestion of or dermal contact with ethylbenzene.  Whether or not chronic 
exposure to ethylbenzene affects human health is not known because little information is 
available. 

EPA (2010a) has established an oral RfD for ethylbenzene of 0.1 mg/kg-day, based on a study 
reporting histopathologic changes in liver and kidney tissue in female rats following exposure to 
408 or 680 mg/kg ethylbenzene for 5 days/week for 182 days (Wolf et al. 1956).  The oral RfD 
was calculated by applying an uncertainty factor of 1000 (to account for both intraspecies and 
interspecies variability to the toxicity of ethylbenzene in lieu of specific data, and extrapolation 
of a subchronic effect level to its chronic equivalent) and a modifying factor of 1 to the reported 
NOAEL of 136 mg/kg/day.  The overall confidence in the RfD is rated low because rats of only 
one sex were tested and the experiment was not of chronic duration (EPA 2010a). 

EPA (2010a) has established an inhalation RfC for ethylbenzene of 1 mg/m3, based on a study 
reporting reduced numbers of live kits per litter in rabbits and developmental abnormalities in 
rats with chronic inhalation exposure to ethylbenzene at concentrations as low as 434 mg/m3 
(Andrew et al. 1981).  The inhalation RfC was calculated by applying an uncertainty factor of 
300 (to protect unusually sensitive individuals, adjust for interspecies conversion, and adjust for 
the absence of multigenerational reproductive and chronic studies) and a modifying factor of 1 to 
the reported LOAEL of 434 mg/m3.  The overall confidence in the RfC is rated low due to the 
relative lack of information on the potential for maternal toxicity and developmental effects 
(EPA 2010a). 

The EPA cancer classification (in the current IRIS record) for ethylbenzene is under 
reassessment by the EPA. EPA has historically classified ethylbenzene as Group D—not 
classifiable as to its human carcinogenicity—due to lack of animal bioassays and human studies.  
No association between increased cancer incidence in humans and exposure to ethylbenzene has 
been reported in current literature.  However, NTP (1999) carried out inhalation studies in 
B6C3F1 

mice and F344/N rats and found clear evidence of carcinogenic activity in male rats and 
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some evidence in female rats, based on increased incidences of renal tubule adenoma or 
carcinoma in male rats and renal tubule adenoma in females. NTP (1999) also noted increases in 
the incidence of testicular adenoma in male rats. Increased incidences of lung 
alveolar/bronchiolar adenoma or carcinoma were observed in male mice and liver hepatocellular 
adenoma or carcinoma in female mice, which provided some evidence of carcinogenic activity in 
male and female mice (NTP, 1999).  Based on the results of the NTP studies, IARC (2000) 
classified ethylbenzene as Group 2B, possibly carcinogenic to humans based on the NTP studies. 

OEHHA (2007) derived unit risk and cancer potency values for ethylbenzene based on the NTP 
(1999) male rat renal tumor data, using the linearized multistage (LMS) methodology with 
lifetime weighted average (LTWA) doses. OEHHA (2007) calculated an inhalation unit risk 
value of 2.5 x10-6 (μg/m3)-1.  The oral cancer potency value of 0.011 (mg/kg-d)-1  is derived from 
the inhalation potency value by multiplying by the ratio of the uptake values (i.e., 1/0.77).  These 
cancer criteria have been incorporated into the latest versions of EPA Regional Screening Levels 
(USEPA 2010b). 
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TETRACHLOROETHYLENE 

Tetrachloroethylene (PCE) is a synthetic chlorinated hydrocarbon used as an industrial solvent 
and degreaser.  It is also extensively used in the dry cleaning and textile industries and as an 
intermediate in the manufacture of other chemicals (ATSDR 1997).  Chronic inhalation exposure 
of mice and rats to concentration of PCE resulted in liver cell carcinomas in male and female 
mice, an increased incidence of mononuclear cell leukemia in male and female rats, and an 
increase of renal tubular cell tumors in male rats (ATSDR 1997). 

EPA (2010a) reports a chronic oral RfD of 1.0 x 10-2 mg/kg-day for PCE based on a 6-week 
gavage study in mice that resulted in liver toxicity.  The assigned uncertainty factor of 1,000 
applied to the NOAEL of 20 mg/kg/day (converted to 14 mg/kg/day) accounts for intraspecies 
variability and extrapolation of a subchronic effect level to its chronic equivalent.  The RfD 
confidence level is considered medium (EPA 2010a). 

The EPA Regional Screening Levels (EPA 2010b) recommend an inhalation RfC for PCE of 
0.27 mg/m3.  The RfC is based on the ATSDR (1997) chronic inhalation minimum risk level 
(MRL) of 0.04 ppm.  The MRL was derived from the data presented by Ferroni et al. (1992) (as 
cited in ATSDR [1997]), a 10-year occupational study in which 60 occupationally exposed 
women experienced increased reaction times at a median concentration of 15 ppm for an average 
of 10 years.  The MRL was calculated from the study LOAEL of 14 ppm by expanding to 
continuous exposure (8/24 hours, 5/7 days) and dividing by an uncertainty factor of 100 (10 for 
use of a LOAEL and 10 for human variability). 

No cancer toxicity criteria are available for PCE in EPAs IRIS database (EPA 2010a).  EPA is 
currently in the process of reviewing the toxicity of PCE and A Toxicological Review of PCE in 
Support of IRIS (EPA 2008) is currently available as an external review draft.  The IRIS 
database is likely to be updated in the near future.  Several studies are summarized in EPA 
(2008) and OEHHA (2001, 2009) that indicate PCE is carcinogenic.  Specifically, in humans, 
statistically significant increases in the incidence of tumors at several sites have also been 
observed in certain studies of workers in the dry-cleaning industry (Blair et al., 1990; Ruder 
et al., 1994).  In rodents, exposure to PCE induced liver cancer in mice by inhalation (NTP, 
1986) or ingestion (NCI, 1977), and leukemia in rats by inhalation (NTP, 1986). 

EPA (2010b) currently recommends the inhalation unit risk derived by OEHHA (2009) of 
5.9 x 10-6 (µg/m3)-1 for PCE which is based on the NTP (1986) study.  This value is derived 
from the tumor incidence data for the most sensitive species, sex, and tumor site, male mouse 
hepatocellular adenomas or carcinomas (NTP, 1986).  In addition, EPA (2010b) currently 
recommends the oral slope factor derived by OEHHA (2001) of 0.54 (mg/kg-day)-1.  OEHHA 
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(2009) which is based on the NCI (1977) study which demonstrated that oral administration of 
PCE leads to an increased incidence of hepatocellular carcinoma in B6C3F1 male and female 
mice.  These values were used in the risk assessment. 

It is noted that the quantitative characterization of cancer risk to humans from PCE exposure is 
likely to change in the future with the emergence of further studies and additional analyses of 
human variability and susceptibility.  The cancer toxicity criteria proposed in the EPA (2008) 
review are an inhalation unit risk range of 2 x 10-6 to 2 x 10-5 (µg/m3)-1 and a oral slope factor 
range of 1 x 10-2 to 1 x 10-1 (mg/kg-day)-1.  Both the proposed inhalation unit risk and oral slope 
factor are based on increased incidence of leukemia in male rats following inhalation exposures 
(JISA 1993). 
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1,2,4-TRIMETHYLBENZENE AND 1,3,5-TRIMETHYLBENZENE 

The trimethylbenzenes are part of the aromatic portion of petroleum compounds with effective 
carbon chain (EC) lengths of 9 to 10 (ATSDR 1999).  Limited studies have found a variety of 
adverse health effects for compounds in the EC9 to EC16 group, such as, neurological and 
respiratory irritation, increased kidney weights in rats, and liver effects (ATSDR 1999).  
However, the most sensitive effect is not known and it is not known whether any of these effects 
are associated solely with exposure to 1,2,4-trimethylbenzene and 1,3,5-trimethylbenzene. 

EPA currently recommends a chronic oral RfD for 1,3,5-trimethylbenzene of 0.01 mg/kg-day 
(USEPA 2010b).  The EPA Regional Screening Level Tables (USEPA 2010b) report this value 
was obtained from PPRTV Appendix and no details are available regarding derivation of this 
criteria. 

EPA has established an inhalation RfC for 1,2,4-trimethylbenzene of 0.007 mg/m3.  This value is 
based on a study reporting adverse respiratory, neurological, and hematological effects reported 
in workers exposed to trimethylbenzene isomers at concentrations as low as 49 mg/m3 (Battig et 
al., 1958 as cited in USEPA 2002). The chronic inhalation RfC was calculated by applying an 
uncertainty factor of 3,000 (to account for intraspecies variability, use of a LOAEL, and data 
base deficiencies), and a modifying factor of 1. No inhalation toxicity criteria are available for 
1,3,5-trimethylbenzene.  Therefore, the inhalation RfC of 0.007 mg/m3 for 1,2,4-
trimethylbenzene was used as a surrogate, as recommended by ADEC (2008). 
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ISOPROPYLBENZENE (CUMENE) 

Isopropylbenzene, otherwise known as cumene, is a water insoluble petrochemical used in the 
manufacture of several chemicals, including phenol and acetone. It is metabolized primarily to 
the secondary alcohol, 2-phenyl-2-propanol, in both animals and humans (USEPA 1997). 

EPA has established a chronic oral RfD for cumene of 0.1 mg/kg-day, based on a study reporting 
increased kidney weight changes in female rats following exposure to 110 mg/kg-day for 194 
days (Wolf et al. 1956).  The chronic oral RfD was calculated by applying an uncertainty factor 
of 1,000 (to account for inter- and intraspecies extrapolations, subchronic-to-chronic 
extrapolation, and limited reproductive data).  The overall confidence in the cumene RfD is rated 
low (USEPA 2010). 

EPA (2010) has established an inhalation RfC for cumene of 0.4 mg/m3, based on a 13 week 
study rat study reporting increased kidney weights in female rats and adrenal weights in male 
and female rats (Cushman et al. 1995).  The inhalation RfC was calculated by applying an 
uncertainty factor of 1000 and the overall confidence in the RfC is rated medium (USEPA 2010). 

Under the proposed Guidelines for Carcinogen Risk Assessment (U.S. EPA, 1996), it is 
concluded that the carcinogenic potential of cumene cannot be determined because no adequate 
data, such as well-conducted long-term animal studies or reliable human epidemiological studies, 
are available for any assessment (USEPA 2010). 
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XYLENES 

Xylene is primarily synthesized from petroleum, although it also occurs naturally in petroleum 
and coal tar, and is formed during forest fires.  It is a colorless, flammable liquid with an odor 
threshold of approximately 0.08-3.7 ppm.  Xylene is one of the top 30 chemicals produced in the 
U.S. in terms of volume.  It is used as a solvent, cleaning agent, and paint thinner.  Xylene is also 
used as a component of materials manufactured in the chemical, plastics, and synthetic fiber 
industries.  Isomers of xylene are used in the manufacture of certain polymers (ATSDR 2000). 

In humans, acute exposure to high concentrations of xylene is known to cause irritation of the 
skin, eyes, nose, and throat; difficulty in breathing; impaired function of the lungs; delayed 
response to a visual stimulus; impaired memory; stomach discomfort; and possible changes in 
the liver and kidneys.  Both acute and chronic exposure to high concentrations of xylene can also 
cause a number of effects on the nervous system, such as headaches, lack of muscle 
coordination, dizziness, confusion, and loss of balance.  Most of the information on long-term 
exposure to xylene is from studies of workers employed in industries that make or use xylene.  
Animal studies indicate that exposure to high concentrations of xylene can cause harmful effects 
on the liver, kidneys, lungs, heart, and nervous system.  Studies of unborn animals have reported 
dose-dependent developmental toxicity (i.e., increased numbers of deaths, decreased weight, 
skeletal changes, delayed skeletal development).  In many instances, the same xylene 
concentrations cause deleterious health effects in the mothers (ATSDR 2000). 

EPA has recently re-evaluated the toxicity of mixed xylenes and has revised its previous oral 
RfD for xylenes to 0.2 mg/kg-day (USEPA 2003).  EPA has applied an uncertainty factor of 
1,000 to the study NOAEL to account for intra and inter species differences (factor of 10 each), 
and a factor of 10 for data base uncertainties.  In calculating the oral RfD, EPA adjusted the 
NOAEL for a 7-day exposure from the actual 5-day exposures that occurred during the critical 
study (USEPA 2003). 

The recent re-evaluation also has established a reference concentration for xylenes of 0.1 mg/m3.  
An uncertainty factor of 300 was applied to the study NOAEL as follows: factor of three applied 
for interspecies differences, factor of three for subchronic-to-chronic adjustments, a factor of 10 
for human variability.  The critical endpoint for both the RfD and the RfC is neurotoxicity. 

EPA has determined that the human carcinogenic potential of xylene cannot be determined 
(Group D) due to the lack of human carcinogenicity data and inadequate animal data.  The NTP 
study (1986) used to derive the original oral RfD reported no evidence of carcinogenicity (i.e., 
neoplastic lesions, etc.) in rats exposed orally to 0, 250, 500, or 1,000 mg/kg-day xylene via 
gavage.  However, Maltoni et al. (1985) reported higher incidences (versus controls) of 
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malignant tumors in male and female rats treated by gavage with xylene in olive oil at 500 
mg/kg-day, 5 days/week for 104 weeks.  Berenblum (1941) reported that “undiluted” xylene 
applied at weekly intervals produced one tumor-bearing animal out of 40 after 25 weeks in skin-
painting experiments in mice. 
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