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Revised Draft Final Human
@ ARCAD|S Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

1. Introduction

On behalf of Flint Hills Resources Alaska, LLC (FHRA), ARCADIS U.S., Inc. (ARCADIS) prepared this
Revised Draft Final Human Health Risk Assessment (Revised Draft Final HHRA) for the Flint Hills North
Pole Refinery located in North Pole, Alaska (site). This HHRA follows the approaches described in the
Second Revision Work Plan to Conduct a Human Health Risk Assessment at the Flint Hills North Pole
Refinery (RAWP; ARCADIS 2011a). As described in the RAWP (ARCADIS 2011a), FHRA proposed
submittal of a RAWP for the site in a project schedule submitted to the Alaska Department of Environmental
Conservation (ADEC) on August 2, 2011. FHRA purchased the site from Williams Alaska Petroleum, Inc. in
2004. The HHRA was conducted to answer the question: “Could concentrations of site-related constituents
in soil and groundwater pose adverse health effects to current and future site users and potential receptors
located offsite, downgradient of the site?” An HHRA uses a conservative (health-protective) approach to
answer that question.

No HHRAs or ecological risk assessments have been previously conducted at the site. ARCADIS submitted
an ecological conceptual site model (CSM) to the ADEC on June 10, 2011. The purpose of the ecological
CSM was to establish whether environmental constituents related to site operations that are present at
the site, or that have migrated offsite, will come in contact with ecological receptors. The CSM stated that
tetrahydrothiophene-1,1-dioxide (sulfolane) is degraded in surface water in the presence of nutrients and
oxygen and does not biomagnify in aquatic food chains. Furthermore, the CSM did not identify any
complete exposure pathways for ecological receptors and concluded that no further evaluation is
warranted. Therefore, evaluation of potential ecological receptors at the site is beyond the scope of this
Revised Draft Final HHRA.

Pore-water samples were collected during the 2012 field season following the approach described in the
Draft Site Characterization Work Plan Addendum (Addendum; ARCADIS 2011b) to address a risk
assessment data gap identified by the ADEC. The methods for installation of some of the pore-water
piezometers needed to be revised because the surface-water body was frozen and true pore-water samples
could not be collected. The frozen surface-water body suggests that groundwater/surface water interaction
was limited. Therefore, the piezometer samples were likely more representative of groundwater. Because
sulfolane degrades more rapidly in the presence of nutrients and oxygen that would be present in the
surface water (Alaska Department of Health and Social Services [ADHSS] 2010), and given the limited
groundwater-surface water interchange adjacent to a frozen surface-water body, the groundwater collected
adjacent to two of the three surface-water bodies in 2012 likely overestimates the surface water
concentrations at those locations. The results from the pore-water evaluation do not change the conclusions
from the ecological CSM.

This Revised Draft Final HHRA follows protocols presented in the Risk Assessment Procedures Manual
(ADEC 2000) that are adopted into regulation in 18 Alaska Administrative Code (AAC) 75. The primary

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc



Revised Draft Final Human
@ ARCAD|S Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

ADEC references for this Revised Draft Final HHRA include the Draft Risk Assessment Procedures Manual
(ADEC 2010a and ADEC 2011c), Cleanup Levels Guidance (ADEC 2008a), Cumulative Risk Guidance
(ADEC 2008b) and 18 AAC 75 Qil and Other Hazardous Substances Pollution Control Guidance (ADEC
2008c). Other references used include Risk Assessment Guidance for Superfund (RAGS) (United States
Environmental Protection Agency [USEPA] 1989, 1991, 2001, 2004a and 2009a), Draft Guidance for
Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils (USEPA 2002a), Vapor
Intrusion Pathway: A Practical Guide (Interstate Technology Regulatory Council [ITRC] 2007a), and
Vapor Intrusion Pathway: Investigative Approaches for Typical Scenarios (ITRC 2007b).

This Revised Draft Final HHRA follows the methodologies, approaches and assumptions of the RAWP
(ARCADIS 2011a) and the ADEC approval of the RAWP (ADEC 2011d) to assess risks and hazards to
receptors that are potentially exposed to constituents detected in environmental media at the site. In
addition, this Revised Draft Final HHRA was developed based on information discussed during a comment
resolution meeting held on January 20, 2012 and attended by the ADEC, Oasis/SPB Consulting, FHRA and
ARCADIS regarding the Draft HHRA (ARCADIS 2011d) and subsequent follow-up conversations held on
January 18 (Technical Project Team meeting), March 9, March 16, May 8, May 10, and May 16, 2012.

For this Revised Draft Final HHRA, potential exposures to constituents detected in two distinct geographical
areas were evaluated, both on and offsite. The onsite evaluation identified potential exposures to petroleum
hydrocarbon constituents and other constituents associated with refinery operations, including metals and
tetrahydrothiophene-1,1-dioxide (sulfolane). The offsite evaluation was conducted for the area north-
northwest and downgradient of the site, where only dissolved sulfolane in groundwater is currently identified
as a constituent of potential concern (COPC).

It is acknowledged that in 18 AAC 75.990(115), the ADEC defines the term “site” as an “area that is
contaminated, including areas contaminated by the migration of hazardous substances from a source area,
regardless of property ownership.” For this Revised Draft Final HHRA, the term “onsite” is the area that is
located within the property boundary of the Flint Hills North Pole Refinery, and the term “offsite” is the area
located off the property in the downgradient north-northwest direction and is based on the approximate
extent of the dissolved-phase sulfolane plume detected at concentrations above laboratory reporting limits
(approximately 10 micrograms per liter [ug/L]). Figure 2-1 shows the extent of the onsite area and the
approximate extent of the offsite area.

This Revised Draft Final HHRA also presents potential site-specific alternative cleanup levels (ACLs) for
COPC:s that contribute to the majority of the risk or hazard (also referred to as risk/hazard driving COPCs),
as appropriate, including benzene, naphthalene, 1,3,5-trimethylbenzene and xylenes in onsite groundwater.
A representative range of potential ACLs for the primary risk/hazard driving COPC, sulfolane, was
developed based on a range of toxicity criteria and exposure assumptions. ACLs will likely be used to
support a feasibility study evaluation of remediation alternatives for the site.
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Both current and historical data were evaluated for applicability and usability in the HHRA. Risk assessment
data gaps were identified during preparation of the Site Characterization and First Quarter 2011
Groundwater Monitoring Report (Barr Engineering Company [Barr] 2011). These data gaps were filled
during the 2011 and 2012 field seasons following the approaches described in the Addendum (ARCADIS
2011b). The data collected during the 2011 and 2012 field seasons were assessed for inclusion into this
Revised Draft Final HHRA. Shannon and Wilson, Inc. (SWI) completed the primary historical data collection
events in 2000, 2002, 2009 and 2010 (SWI 2002 and 2010).

Estimated hazards and risks are presented based on two primary scenarios:

1. “Provisional peer reviewed toxicity value (PPRTV) Scenario,” using toxicity criteria for sulfolane based
on the January 2012 USEPA report, along with exposure assumptions approved by ADEC (Section 3).

2. “ARCADIS Comparative Scenario,” using the toxicity criteria for sulfolane selected by ARCADIS after its
literature review and data evaluations, with the ADEC-approved exposure assumptions (Section 4). In
the Uncertainty Assessment of Section 4, also presented is an evaluation of risk using the ARCADIS
toxicity criteria for sulfolane, with the exposure assumptions selected by ARCADIS based on its

literature review and data evaluations (the “ARCADIS Scenario”).

Except as explained above, the same site data, exposure assumptions, methodologies and approaches
were used to estimate risk and hazards for all scenarios.

The remaining sections of this Revised Draft Final HHRA are organized as follows:

e Section 2 describes site features and summarizes environmental investigations performed at the site.

e Section 3 presents a risk characterization for the PPRTV scenario including subsections on exposure
assessment, CSMs, data evaluation, quantification of exposure, toxicity assessment, risk estimates and
uncertainties associated with the risk characterization.

e Section 4 presents a risk characterization for the ARCADIS Comparative Scenario including subsections
on exposure assessment, CSMs, data evaluation, quantification of exposure, toxicity assessment, risk
estimates and uncertainties associated with the risk characterization.

e ACLs are discussed in Section 5.

e Section 6 presents a complete list of the references cited in this Revised Draft Final HHRA.
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2. Site Properties

This section presents an overview of site features and summarizes environmental investigations
performed at the site. The site description is based on a review of historical records, maps and publicly
available information; observations made during site visits; and data obtained during historical site
investigations.

2.1 Site Location

The site is located on 240 acres just outside the city limits of North Pole, Alaska (the city). The city is
located approximately 13 miles southeast of Fairbanks, Alaska, within Fairbanks North Star Borough
(Figure 1-1).

2.2 Site Description

Three crude oil processing units and one sulfolane extraction unit are located in the southern portion of
the site, making up the process area. Tank farms are located in the central portion of the site. Truck-
loading racks are located immediately north of the tank farms and a railcar-loading rack is located west of
the tank farms. Previously, a truck-loading rack was located between the railcar-loading rack and the tank
farms, near the intersection of Distribution Street and West Diesel. Wastewater treatment lagoons,
storage areas and two flooded gravel pits (the north and south gravel pits) are located in the western
portion of the site. Rail lines and access roads are located in the northernmost portion of the site. An
electrical generating facility (power plant) operated by Golden Valley Electric Association is located along
the southern site boundary and is partially surrounded by the site. The power plant burns heavy aromatic
gas oil (diesel 4) produced at the site. The property south of the site and the power plant is occupied by
the Petro Star, Inc. Refinery. The Site Layout is presented on Figure 2-1.

North of the site are residential properties and the city’s wastewater treatment plant (WWTP). The North
Pole High School is located immediately north and west of the WWTP and residential properties. An
undeveloped parcel, owned by the Alaska Department of Natural Resources, lies between the site and
the WWTP. The Tanana River is located to the west, flowing in a northwesterly direction toward
Fairbanks. East of the site is property that is residential or undeveloped, the Old Richardson Highway, the
Alaska Railroad right-of-way and Chena Slough (known locally as Badger Slough).

2.3 Geology and Hydrogeology
This section summarizes geology and hydrogeology of the site based on information presented in

previous site investigations and in the Site Characterization and First Quarter 2011 Groundwater
Monitoring Report (Barr 2011).
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2.3.1 Geology

The site and the area surrounding North Pole is located on the Tanana River Floodplain. The Beaver
Springs Creek (also known as Thirtymile Slough) is located east of the site, with the shortest distance
away at approximately 300 feet from the northeast corner of the site. The geology of the area is
dominated by a thick sequence of unconsolidated alluvial deposits up to 600 feet thick. Discontinuous
layers of silt, fine sandy silt and silty fine sand with occasional peat lenses have been encountered in the
upper 10 feet of the unconsolidated sequence. Alluvial sand and gravel characterized as sandy gravels
and gravelly sands, with occasional discontinuous lenses of sand, silt and organic deposits, are present
below the silty layers. A ground-penetrating radar survey indicated the presence of silty layers in the
shallow subsurface in onsite areas that were not identified through traditional drilling means. Onsite,
these layers would likely influence the migration of constituents in the vadose and shallow saturated
zones and may also influence onsite cleanup efforts. Data gathered during the planned soil investigation
(described in the Site Characterization and First Quarter 2011 Groundwater Monitoring Report [Barr 2011])
were expected to provide additional information concerning the presence and potential influence of these
layers. The results of the 2011 site characterization activities were reported in the Revised Site
Characterization Report (Barr 2012). Soil borings installed in 2011 confirmed silty deposits in the vadose
zone that were consistent with observations from previous investigations, including the 2010 ground
penetrating radar study.

Permafrost has generally been identified using data from monitoring wells and private well installation
logs. Top-of-permafrost depths ranged from 6 to greater than 150 feet below ground surface (bgs) in the
study area. Residential well logs indicate that the bottom of the permafrost ranges from 14 to 245 feet bgs
and that the thickness of the permafrost layer ranges from 5 to 232 feet. Moving northwest from the site, it
appears that the top of the permafrost layer becomes shallower. The upper surface of the permafrost
layer appears to be deepest near the site and also near Chena Slough. A “valley” in the upper surface of
the permafrost layer appears to extend northwest from the site along Old Richardson Highway and the
Alaska Railroad. Permafrost depth is likely to influence migration of sulfolane offsite. Additional data
collection to further refine the understanding of the depth to and the location of permafrost is ongoing.

2.3.2 Hydrogeology

The site and the surrounding North Pole area are located on a relatively flat-lying alluvial plain that is
situated between the Tanana River and Chena Slough. The site is located on the Tanana River Floodplain.
Reference values of hydraulic conductivities of the aquifer materials range from 8 to 2,400 feet per day.
Hydraulic conductivity estimates based on grain size range from 1 to 1,600 feet per day. Aquifer testing at
the site in 2009 indicated a hydraulic conductivity of approximately 130 feet per day for wells screened in
the upper 15 feet of the aquifer. This value was considered to be biased low because it was calculated
with an aquifer thickness that did not account for the presence of permafrost. The geometric mean of
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results from single-well pump testing conducted in 2011 indicated a hydraulic conductivity of 200 feet per
day. Aquifer testing of the city’s new water supply wells (installed in 2010) indicated a hydraulic
conductivity ranging from approximately 700 to 1,100 feet per day based on pumping of wells screened
from approximately 120 to 150 feet below the water table. The water table in the area is approximately 15
feet bgs and is usually present within the alluvial sand and gravel, and occasionally in the silty deposits.
The water table decreases in elevation from southeast to northwest, mimicking the gradually decreasing
elevation of the ground surface. Based on limited data, the water table has fluctuated vertically up to 4
feet since 2007. Seasonal lows typically occur any time from late March through May, with seasonal highs
occurring in July or August.

Groundwater flow directions are primarily controlled by discharge from the Tanana River to the aquifer
and from the aquifer to the Chena River and the Chena Slough. Variations in river stage are believed to
be the primary cause of variations in flow direction. The flow direction trends to the north-northwest in the
winter and spring and more northerly in the summer and fall.

2.4 Land Use and Beneficial Water Use

An active petroleum refinery is located onsite. Specifically, three crude oil processing units and
associated utility and effluent buildings, maintenance and administrative buildings, warehouse, laboratory,
chemical injection room and sulfolane extraction unit, three lagoons, north and south gravel pits,
hazardous waste storage area, and multiple aboveground storage tanks (ASTs) occupy the site. The site
is located within a fenced, guarded facility. The primary historical and current use of the site is
commercial/industrial, which is not expected to change in the foreseeable future. FHRA does not have
plans to redevelop the site.

Currently, no potable wells are present onsite and groundwater would only be used for onsite fire
suppression purposes. The city supplies potable water to the site.

Offsite, downgradient to the north of the site is a mixed residential and commercial area. Currently, offsite
residents and commercial workers located immediately north of the site obtain drinking water from the city’s
new water supply wells. Residents and commercial workers located outside the city water service area but
within or near the dissolved sulfolane plume have been provided alternative water supplies (including
treatment systems, bulk water tanks or continued supplies of bottled water) to eliminate potential ingestion
of groundwater impacted with sulfolane. Bulk water tanks have also been provided to residents for irrigation
of home gardens.
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2.5 Current Site Remediation

FHRA is implementing the interim corrective actions described in the Interim Removal Action Plan (Barr
2010a) to optimize the existing groundwater pump and treat remediation system to aggressively address
light nonaqueous phase liquid (LNAPL) and impacted groundwater onsite. Operation of the remediation
system currently involves groundwater recovery from five recovery wells.

Installation and startup of the sand filters and a granular activated carbon (GAC) treatment system was
completed during the second quarter 2011 and active operation was initiated on June 9, 2011. The sand
filters and GAC filters were installed to treat dissolved-phase sulfolane concentrations in extracted
groundwater.

FHRA continues to remove LNAPL from recovery and monitoring wells through active LNAPL pumping
systems, passive LNAPL recovery measures and periodic manual removal. The recovered LNAPL is
recycled within a refinery process unit.

2.6 Data from Previous Investigations

This section describes sources of analytical data that were used in the HHRA. Historical on- and offsite
soil, groundwater and surface-water data are available. Additional soil and groundwater data were
collected during the 2011 field season. Some surface-water (i.e., pore space) data were collected offsite
during the 2012 field season. Installation methods for two of the three offsite locations needed to be
revised because the adjacent surface water was frozen. As noted in Section 1, the groundwater collected
adjacent to two of the three surface-water bodies in 2012 was likely not representative of the interface
between groundwater and surface water and may overestimate the actual pore-water concentrations at
those locations.

This Revised Draft Final HHRA evaluates data with complete Level Il data packages received from the
analytical laboratory through February 2012. SWI maintains the site database, which is built on a
Microsoft® Access platform, and performs data validation consistent with ADEC requirements.

2.6.1 Soil Data

Historical soil data are summarized in the Site Characterization and First Quarter 2011 Groundwater
Monitoring Report (Barr 2011). Historically, soil analytical data have been collected primarily at depths
exceeding 2 feet bgs and include analyses for: gasoline range organics (GRO); diesel range organics
(DRO); residual range organics (RRO); benzene, toluene, ethylbenzene and total xylenes (BTEX);
polynuclear aromatic hydrocarbons (PAHSs); volatile organic compounds (VOCs); semivolatile organic
compounds (SVOCs); metals; and sulfolane (Barr 2011).
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During the 2011 field season, surface soil samples were collected onsite and analyzed for historically
detected constituents and additional COPCs. As discussed in Section 3.1.2.4 identified soil data gaps were
filled during the 2011 field season following the approaches described in the Addendum (ARCADIS 2011b).
The soil data collected during this sampling event were assessed for inclusion into this Revised Draft Final
HHRA. Due to an inadvertent error, samples collected from the 2011 COPC soil borings were not submitted
for analysis to determine concentrations of propylene glycol and isopropanol; instead, they were analyzed
for the other COPCs identified in the RAWP.

Soil samples collected in 2010 for sulfolane analysis were validated by a third party, and final sulfolane
concentrations identified by the validators were incorporated into the data set used for the HHRA. Based on
the Level IV validation, it was determined that soil sample O-2 (7.5-9) should be considered unusable due to
the very low internal standard area count and the high levels of petroleum hydrocarbon interference with all
four sulfolane mass ions in the sample. This sample was not included in the Exposure Point Concentration
(EPC) calculations. Validated data used in this Revised Draft Final HHRA were described in the Revised
Site Characterization Report (Barr 2012) that was submitted to ADEC in March 2012.

2.6.2 Groundwater Data

Groundwater data have been collected onsite from 1987 to present and offsite from 2009 to present.
Groundwater monitoring data collected during the most recent reporting period (fourth quarter 2011) are
generally consistent with data collected during previous reporting periods (ARCADIS 2011c) and are
summarized below:

¢ Dissolved-phase benzene concentrations up to 7,470 ug/L were detected during the fourth quarter 2011
in the sample collected from monitoring well MW-116.

¢ Dissolved-phase toluene concentrations up to 6,080 pg/L were detected during the fourth quarter 2011
in the sample collected from monitoring well MW-135.

¢ Dissolved-phase ethylbenzene concentrations up to 586 ug/L were detected during the fourth quarter
2011 in the sample collected from monitoring well MW-135.

¢ Dissolved-phase total xylenes concentrations up to 4,334 ug/L were detected during the fourth quarter
2011 in the sample collected from monitoring well MW-116.

¢ Sulfolane concentrations continue to be detected in both samples collected from onsite groundwater

monitoring wells at concentrations up to 10,400 ug/L and in samples collected from offsite groundwater
monitoring wells and residential wells at concentrations up to 443 pg/L.
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Groundwater samples were collected for COPC analyses during the third and fourth quarter 2011
groundwater monitoring events. The full list of COPCs was not analyzed in third quarter 2011 samples
because the complete COPC list (Table 3-2a) was not yet finalized. The complete COPC analytical suite
was analyzed during fourth quarter 2011, with the exception of isopropanol and propylene glycol. These two
COPCs will be analyzed during the first quarter 2012 groundwater monitoring event.

2.6.3 Surface-Water Data

As reported in the Site Characterization and First Quarter 2011 Groundwater Monitoring Report (Barr
2011), on August 11, 2010, surface-water samples were collected from the onsite north and south gravel
pits and on October 10, 2010 from offsite Chena Slough, which runs parallel to Badger Road. The
samples were analyzed for sulfolane. The laboratory reported that sulfolane was not detected above its
limit of quantitation (LOQ) of 10 pg/L in either of the gravel pit samples or above the LOQ of 10.2 pg/L in
the surface-water sample collected from Chena Slough.

FHRA conducted a pore-water investigation in 2012 to better characterize sulfolane concentrations in the
groundwater/surface-water interface and the potential for surface-water sulfolane impacts. The planned
approaches are described in the Addendum (ARCADIS 2011b). Some of the samples were collected when
the adjacent surface-water body was frozen; therefore, the degree of connectivity with surface water, if
any, could not be established. Because two of the collected samples likely reflect higher sulfolane
concentrations than would be expected in true pore-water samples (because of limited surface-water to
groundwater interchange), and because pore-water samples will generally reflect higher sulfolane
concentrations than would be encountered by actual recreational users of the surface-water bodies due to
degradation of sulfolane in surface water, the collected data are included in this Revised Draft Final HHRA.

The three offsite samples collected in March 2012 to assess surface-water risks were analyzed for
sulfolane. The results are as follows: Pore-5 at <6.2 pg/L, Pore-4 at 28.7 ug/L and Pore-3 at 156 pg/L.
Pore-5 was a true pore-water sample, but Pore-3 and Pore-4 were piezometer samples of groundwater that
may not be representative of true pore water, because the adjacent surface-water body was frozen. The
maximum detected concentration of sulfolane from these samples was used to assess potential recreational
user exposures to sulfolane in surface water.
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3. Provisional Peer Reviewed Toxicity Value Scenario
3.1 Exposure Assessment

ARCADIS conducted an HHRA to evaluate the potential for human health risk from exposure to site-
related constituents, following protocols presented in the June 8, 2000 ADEC Risk Assessment Procedures
Manual that are adopted into regulation in 18 AAC 75. The primary ADEC references for this Revised Draft
Final HHRA include the Draft Risk Assessment Procedures Manual (ADEC 2010a and 2011d), Cleanup
Levels Guidance (ADEC 2008a), Cumulative Risk Guidance (ADEC 2008b), and 18 AAC 75 Qil and Other
Hazardous Substances Pollution Control guidance (ADEC 2008c). Other references used include RAGS
(USEPA 1989, 1991, 2001, 2004a and 2009a), Draft Guidance for Evaluating the Vapor Intrusion to Indoor
Air Pathway from Groundwater and Soils (USEPA 2002a), Vapor Intrusion Pathway: A Practical Guide
(ITRC 2007a) and Vapor Intrusion Pathway: Investigative Approaches for Typical Scenarios (ITRC 2007b).

3.1.1 Human Health Conceptual Site Models

Two preliminary human health CSMs (one onsite CSM and one offsite CSM) were prepared and submitted
to the ADEC with the Site Characterization Work Plan (Barr 2010b). After this submittal, a substantial
amount of additional site assessment data was collected and in April 2011 the updated CSMs were
submitted to the ADEC to reflect the enhanced understanding of site conditions. In the RAWP submitted to
ADEC in December 2011 (ARCADIS 2011a), the CSMs were further refined to better reflect existing site
conditions. The updated CSMs were developed following the Human Health Conceptual Site Model Graphic
and Scoping Forms and the Policy Guidance on Developing Conceptual Site Models (ADEC 2010b and
2010c, respectively). Due to the significant difference in COPC occurrence onsite (petroleum hydrocarbon
constituents and sulfolane) versus offsite (sulfolane only), two human health CSM graphic forms (Figures 3-
1 and 3-2) were prepared and updated to more clearly portray and distinguish potential exposure pathways
for possible on- and offsite receptors.

This section describes the CSMs submitted to the ADEC in December 2011 and revisions to the offsite
CSM based on ADEC comments discussed during the meeting held on January 24, 2012. Human health
CSMs for on- and offsite locations are presented on Figures 3-1 and 3-2, respectively, and are discussed
in the following subsections.

3.1.1.1 Potential Sources
During site operations, various materials associated with the crude oil refining process have been released
in operating areas of the site, including the crude oil processing units, extraction unit, loading racks,

wastewater lagoons, sumps and drain systems. In addition, spills and/or leaks to surface soil from ASTs,
pumps and associated piping during routine operations constitute potential sources of petroleum
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constituents at the site. Petroleum hydrocarbons have also been detected in historical groundwater
samples collected from onsite monitoring wells.

Onsite impacted environmental media may include surface (0 to 2 feet bgs) and subsurface (to a depth of
15 feet bgs, the maximum depth at which human exposure is likely to occur) soil, groundwater, indoor
and outdoor air, surface water, sediment and biota. Offsite impacted media may include groundwater,
surface water, sediment, wild food (such as fish) and homegrown produce.

3.1.1.2 Potential Fate and Transport Mechanisms

As described in Section 3.1.1, the primary sources of COPCs are spills and releases to soil and
groundwater during facility operations. COPCs may be retained in site soils or subject to constituent fate
and transport mechanisms at the site. Fate and transport mechanisms may include soil sorption;
biodegradation; wind erosion and transport; migration to groundwater; advective/dispersive transport in
groundwater, on or offsite; and volatilization into soil gas, outdoor air or indoor air.

Potential current and future onsite receptors may be directly exposed to COPCs in surface and subsurface
soil via incidental ingestion, dermal contact and inhalation of dust particles in air. In addition, COPCs
adhered onto dust particles may migrate from exposed surface or subsurface soil to outdoor air and be
breathed by potential offsite receptors. When bound to surface soils, compounds sorbed to soil particles
may be subject to wind erosion and windblown transport in outdoor air. Due to the nature of the site, the
majority of operational areas are covered with asphalt pavement or gravel. However, exposed and
unpaved areas do exist at the site. Therefore, although limited, windborne particulate transport is possible
at the site, and this potential pathway was evaluated during the HHRA.

COPCs may leach from soil to groundwater by percolation or may have been directly released to
groundwater. Based on groundwater samples collected from onsite wells, sulfolane is the only COPC that is
known to have migrated offsite. Potential direct-contact exposures to COPCs in groundwater (e.g., tapwater
ingestion and inhalation of volatiles in water) are not expected to occur for current and future onsite
commercial/industrial workers because onsite groundwater is only used for industrial purposes (e.g., fire
suppression). However, current and future onsite outdoor commercial/industrial receptors may be exposed
to COPCs in groundwater by dermal contact while extinguishing fires, if they occur. In addition, due to the
relatively shallow average depth to groundwater onsite (historically from 8 to 10 feet bgs), current and future
onsite construction/trench workers may be exposed by incidental ingestion of and dermal contact with
COPCs in groundwater that has pooled in excavated trenches.

The city provides municipal water for drinking and other potable uses at the site. Current onsite receptors

consume drinking water from a municipal source and are expected to consume drinking water from this
source in the future. Current and future offsite receptors may be exposed to sulfolane in groundwater that
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has migrated from the site to wells used for tapwater. In addition, groundwater may be used offsite to irrigate
homegrown produce. Sulfolane in groundwater may be taken up by homegrown produce and consumed by
offsite residents.

Onsite surface water consists of water that is stored in two lagoons and two gravel pits. Runoff and erosion
from soil to surface water may be transport mechanisms. Groundwater from the site flows offsite in a north-
northwesterly direction and groundwater is recharged by surface water from the Tanana River. COPCs in
groundwater may eventually flow to offsite surface-water bodies and to sediment, which may be contacted
by offsite recreational users. Pore-water data were collected to evaluate the potential for exposure at the
groundwater/surface-water interface. Some of the samples used for this HHRA were collected when the
adjacent surface-water body was frozen; therefore, the degree of connectivity with the surface water, if
any, could not be established.

For this HHRA, potential ingestion of sulfolane in surface water by adult and child recreational users while
swimming is considered a potentially complete exposure pathway offsite. The collected pore-water
samples likely reflect higher sulfolane concentrations than would be expected in true pore-water samples
because of limited surface water to groundwater interchange during frozen conditions. Pore-water samples
will generally reflect higher sulfolane concentrations than would be encountered by actual recreational users
of the surface water bodies because sulfolane degrades more rapidly in the presence of nutrients and
oxygen that would be present in the surface water (ADHSS 2010). Accordingly, the data used in the
surface-water evaluation in this Revised Draft Final HHRA provide a health-protective assessment of risk to
swimmers.

Volatilization is another fate and transport mechanism at the site for lighter petroleum hydrocarbon
compounds and other VOCs. VOCs may volatilize from subsurface soil into soil gas, with eventual
diffusion and/or advection into outdoor air and/or indoor air in onsite buildings. VOCs may also leach from
soil to groundwater, where dissolved-phase VOCs may be transported downgradient both on and offsite.
VOCs may volatilize from shallow exposed groundwater in excavations directly into outdoor air. VOCs
may volatilize from groundwater into soil gas, with eventual diffusion and/or advection into outdoor air
and/or indoor air of on- and/or offsite buildings. VOCs may also be subject to degradation by
microorganisms in subsurface soils and groundwater. Heavier petroleum hydrocarbon compounds, such
as PAHSs, adsorb to solids and do not tend to volatilize. As such, these compounds generally tend to
remain in place, where they are subject to aerobic biodegradation by microorganisms. Sulfolane is not
expected to volatilize under the conditions observed at the site, as discussed in Section 3.1.1.4.
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3.1.1.3 Potential Receptors

Potential human receptors were identified based on current and reasonably foreseeable future land use
at the site. A review of current and future land use identified the following potential human receptors at
the site.

e Current and future onsite indoor commercial/industrial workers were considered to be
individuals from 18 to 65 years old. It was assumed that these receptors perform commercial and/or
industrial work activities (e.g., office work, laboratory analyses, shipping or warehouse inventory
management) indoors onsite, under current or future (redeveloped) land use scenarios. Potential
exposures to COPCs in soil are considered to be insignificant for onsite indoor commercial/industrial
workers. These potential receptors may be exposed to COPCs in indoor air during a standard 40-
hour work week for 25 years, for 250 days per year. Potential inhalation of outdoor air is insignificant.
Inhalation of VOCs in indoor air was evaluated following USEPA (2009a) RAGS Part F.

e Current and future onsite outdoor commercial/industrial workers were considered to be
individuals from 18 to 65 years old. These receptors were assumed to perform commercial and/or
industrial work activities (e.g., maintenance work for ASTs or associated piping) outdoors at the site
under current or future (redeveloped) land use scenarios. These individuals may occasionally use site
groundwater for industrial purposes (e.g., fire suppression). Direct-contact exposures with
groundwater are considered insignificant because fires are rare onsite and the exposure period is
expected to be short. This exposure pathway was not quantitatively evaluated. These potential
receptors may be exposed to COPCs in site media during a standard 40-hour work week for 25
years, for 250 days per year. Following ADEC (2010a) guidance, it was assumed that onsite outdoor
workers with an average body weight (BW) of 70 kilograms (kg) are exposed to 100 milligrams per
day (mg/day) COPCs in surface soil and that 100 percent of the fraction ingested (FI) is from onsite
surface soil.

FHRA requires all onsite workers to wear long-sleeved shirts, long pants and shoes. Thus, the adult
commercial/industrial worker outdoor receptor was assumed to wear a long-sleeved shirt, long pants
and shoes, which limits the exposed skin surface to the head and hands. The recommended USEPA
(2011a) skin surface area (SSA) exposed to impacted soil for the adult commercial/industrial worker
outdoor receptor is 2,230 square centimeters (cmz), which is the average of the adult male and adult
female mean values for head and hands. The USEPA (2004a) recommended weighted soil-to-skin
adherence factor (AF) for a commercial/industrial adult worker of 0.2 milligram per square centimeter
(mg/cm?) based on the 50" percentile weighted AF for utility workers (i.e., the activity determined to
represent a high-end contact activity) was used. Potential inhalation of indoor air was considered
insignificant for the outdoor commercial/industrial worker. Inhalation of volatile COPCs and dust in
outdoor air was evaluated following USEPA (2009a) RAGS Part F.
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e Current and future onsite construction/trench workers were considered to be individuals from 18
to 65 years old. These receptors were assumed to perform short-term maintenance and emergency
repair activities on underground utilities or facility piping at the site. These receptors may be exposed
to COPCs in surface and/or subsurface soil during the work day while performing the maintenance
and/or repair task. Because the depth to groundwater at the site generally ranges from 8 to 10 feet
bgs, construction/trench workers may be exposed to COPCs in groundwater that has pooled in a
trench during performance of the maintenance and/or repair task. It was assumed that the same
worker will provide maintenance and/or repair tasks.

Potential construction/trench worker receptors were assumed to be exposed to COPCs in onsite soil
(down to a depth of 15 feet bgs) and groundwater for 1 hour each day of a standard 5-day work week,
for 125 days, for 1 year. This exposure frequency (EF) is a modification from that proposed in the
RAWP (250 days per year). This deviation is justified because most of the utilities at the site are
located aboveground and trenching activities typically do not occur during 6 months of each year,
when the ground is frozen. It is assumed that soil may be accessible for trenching activities (i.e., not
frozen) for 6 months per year.

Construction/trench workers with an average BW of 70 kg are assumed to be exposed to 330 mg/day
(USEPA 2002b) of COPCs in surface and subsurface soil, and 100 percent of the Fl is assumed to be
from surface and subsurface soil. It was assumed that onsite construction/trench workers incidentally
ingest 0.0037 liter per day (L/day) of groundwater pooled in a trench. This rate is based on the mean
ingestion rate for wading/splashing presented in the USEPA (2011a) Exposure Factors Handbook
(EFH) Table 3-93 (3.7 milliliters per hour * 1 hour per day). This consumption rate is likely to
overestimate actual exposure, because dewatering usually occurs at excavation sites where water has
pooled in trenches.

FHRA requires all onsite workers to wear long-sleeved shirts, long pants and shoes. Therefore, the
onsite adult construction worker receptor was assumed to wear a long-sleeved shirt, long pants and
shoes, and the exposed SSA was limited to the head and hands. The USEPA (2011a) recommended
SSA exposed to impacted soil for the adult construction worker receptor is 2,230 cm®. The USEPA
(2002b) recommended weighted soil-to-skin AF for a construction worker of 0.3 mg/cm?-day was
used. Inhalation of volatile COPCs and dust in outdoor air were evaluated following USEPA (2009a)
RAGS Part F.

e Current and future onsite visitors and trespassers. Occasional visitors or trespassers may also be
present onsite. However, the site does not and is not expected to attract trespassers because of the
character and location of the site (i.e., an industrial setting with controlled access). Moreover, it is
anticipated that a trespasser’s exposure at the site would be very infrequent. Onsite visitors are
typically adults with limited access across the site. Children rarely visit the site. Thus, potential direct-
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contact exposures to COPCs in soil and groundwater by current and future onsite trespassers and
visitors are insignificant. Potential inhalation of outdoor air is also insignificant. However, assuming the
adult visitor is located in an onsite building, inhalation of volatile COPCs in indoor air by this potential
receptor was evaluated following USEPA (2009a) RAGS Part F. Current and future onsite adult visitors
(18 to 65 years of age) are assumed to be exposed to COPCs in indoor air for 2 hours per day, 12
days per year for 30 years.

e Current and future offsite residents were evaluated as infants (0 to 1 year of age), children (0 to 6
years of age) and adults (18 to 65 years of age). HHRAs do not typically focus on infant exposures as
a separate receptor group, but infants are included here because the Agency for Toxic Substances
and Disease Registry (ATSDR 2011) and the State of Alaska Department of Health and Social
Services (ADHSS 2012) have addressed infants as a separate receptor group in their Health
Consultations. There is evidence that sulfolane does not present a significant risk for developmental
effects and it is not mutagenic, mitigating infant-specific exposure concerns. Resident receptors were
assumed to be located downgradient of the site and may be exposed to sulfolane in groundwater that
has migrated from the site. No other COPCs associated with site operations are known to be present
in offsite groundwater. These potential offsite receptors may ingest sulfolane in groundwater as
tapwater. In addition, it was assumed that these potential receptors consume homegrown produce,
which may have taken up sulfolane from groundwater. It was assumed that potential resident
receptors may be exposed to sulfolane in tapwater for a 1-, 6- and 30-year duration for infants,
children and adults, respectively, for 350 days per year.

Current and future offsite adult, child and infant residents may also inhale dust from the site.
Inhalation of dust in outdoor air by these potential receptors was evaluated following USEPA (2009a)
RAGS Part F.

Following ADEC (2010a) guidance, it was assumed that 70 kg adult residents consume 2 L/day of
tapwater. Following USEPA (1989) guidance, it was assumed that 15 kg child residents consume 1
L/day of tapwater. Infants were assumed to weigh an average of 6.75 kg (the average of the age-
group specific mean values from 0 to 1 year) and to consume 1.05 L/day (the time-weighted average of
the per capita age-group-specific 95™ percentile values from 0 to 1 year) of tapwater based on USEPA
(2011a) guidance. The groundwater ingestion exposure parameters for infants likely overestimate
potential exposure, because it was assumed that they do not breastfeed and do not consume formula
made with distilled water (a typical pediatric guideline for the first several months of life).

Fractions of homegrown fruit and vegetables ingested, water-to-produce bioconcentration factors and

ingestion rates for offsite adult and child residents for the PPRTV scenario are discussed in Section
3.1.3.1.6.
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e Current and future offsite indoor and outdoor commercial/industrial workers were considered
to be individuals from 18 to 65 years old. It was assumed that these potential receptors perform
commercial and/or industrial work activities indoors or outdoors at offsite locations under current or
future land use scenarios during a standard 40-hour work week for 25 years, for 250 days per year.
These receptors may ingest sulfolane in groundwater as tapwater. Following ADEC (2010a)
guidance, it was assumed that 70 kg offsite adult commercial/industrial workers consume 2 L/day of
tapwater. In addition, they may inhale dust that may have been released onsite via wind erosion.
Potential exposures to COPCs in dust were considered to be insignificant for offsite indoor
commercial/industrial workers. Inhalation of dust in outdoor air by outdoor commercial/industrial
workers was evaluated following USEPA (2009a) RAGS Part F.

e Current and future offsite recreational users. Sulfolane may potentially migrate offsite via
groundwater to surface water and to sediment in downgradient surface-water bodies. Access to
downgradient, offsite surface-water bodies is minimal due to surrounding industrial land use and
hazardous physical conditions, and direct contact with surface water and sediment by human
receptors is limited. Regardless, for this HHRA, ingestion of surface water by offsite adult and child
recreational users while swimming is considered a potentially complete exposure pathway.
Recreational user exposure assumptions for the PPRTV scenario are discussed in Section 3.1.3.3.

e Current and future offsite construction/trench workers were considered to be individuals from 18
to 65 years old. These receptors were assumed to perform short-term maintenance and emergency
repair activities on underground utilities at offsite properties. These potential receptors may be
exposed to sulfolane in groundwater that has pooled in a trench during performance of the
maintenance and/or repair task. It was assumed that offsite construction/trench workers incidentally
ingest 0.0037 L/day of groundwater pooled in a trench. This rate is based on the mean ingestion rate
for wading/splashing presented in the USEPA (2011a) EFH Table 3-93 (3.7 milliliters per hour * 1 hour
per day). This consumption rate overestimates actual consumption, because dewatering usually occurs
at excavation sites where water has pooled in trenches. It was conservatively assumed that the same
worker performs multiple maintenance and/or repair tasks. These potential receptors (70 kg for
adults) may be exposed to sulfolane in groundwater for 1 hour each day of a standard 5-day work
week, for 125 days per year, for 1 year.

3.1.1.4 Exposure Pathway Evaluation
Potential exposure pathways selected for quantitative evaluation are shown in the on- and offsite human
health CSMs. An exposure pathway was retained for further evaluation if it was considered potentially

complete. Each of the following components must be present in order for an exposure pathway to be
considered complete (USEPA 1989):
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e Source and/or constituent release mechanism
¢ Retention or transport medium

e Receptor at a point of potential exposure

e Exposure route at the exposure point.

Complete exposure pathways were evaluated for identified COPCs. Only potential ingestion exposures
were quantitatively assessed for sulfolane. Dermal contact and inhalation exposure routes are not
significant for sulfolane. The ATSDR (2010 and 2011) Health Consultations support these conclusions.
Animal studies have shown that sulfolane is not readily absorbed through human skin because of its low
permeability (Brown et al. 1966) and is not expected to pose a significant risk via an inhalation exposure
route due to its low volatility (Andersen et al. 1977). Brown et al. (1966) studied the skin and eye irritant
and skin sensitizing properties of acute exposures to sulfolane on two animal species. This study
concluded that sulfolane did not irritate or sensitize the skins of guinea pigs or rabbits and, undiluted, was
only very mildly irritating on the eyes of rabbits.

Andersen et al. (1977) conducted acute and subacute investigations of the inhalation toxicity of sulfolane
on four animal species including monkey, dog, guinea pig and rat. A no-observed-effect level for sulfolane
of 20 mg/m3 was reported, and the authors concluded that airborne concentrations of sulfolane as high as
those investigated are unlikely to be encountered on any but an emergency basis. Andersen et al. (1977)
reported that sulfolane has a relatively low vapor pressure (approximately 0.13 millimeter of mercury at 32
degrees Celsius [°C]) and only unusual conditions would produce an extensive release of aerosolized
sulfolane. Andersen et al. (1977) further noted that if sulfolane is handled at room temperature in an area
with proper ventilation, it should not be regarded as posing an unusual hazard.

Potentially complete and significant exposure pathways were identified for the following receptors, with
the exception that dermal and inhalation exposures to sulfolane are incomplete (as noted above):

* Onsite indoor commercial/industrial worker (current and future):
— Inhalation of volatile COPC vapors in indoor air from groundwater.
* Onsite outdoor commercial/industrial worker (current and future):
— Ingestion of, dermal contact with and inhalation (particulates) of COPCs in surface soil.
— Dermal contact with COPCs in groundwater while extinguishing fires was qualitatively evaluated.

— Inhalation of volatile COPC vapors in outdoor air volatilized from surface and subsurface soil and
groundwater.
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* Onsite construction/trench worker (current and future):

— Ingestion of, dermal contact with and inhalation (particulates) of COPCs in surface and subsurface
soil.

— Inhalation of volatile COPC vapors in trench air from surface and subsurface soil and groundwater.

— Ingestion of and dermal contact with COPCs in groundwater in excavation trenches.

Onsite adult visitor (current and future):

— Inhalation of volatile COPC vapors in indoor air from groundwater.

* Offsite adult, child and infant residents (current and future):

— Ingestion of sulfolane in groundwater (i.e., tapwater).

— Ingestion of homegrown produce irrigated with sulfolane-impacted groundwater.

— Inhalation of fugitive windborne dust from onsite COPCs in surface soil.

Offsite indoor and outdoor commercial/industrial worker (current and future):
— Ingestion of sulfolane in groundwater (i.e., tapwater).

— Inhalation of fugitive windborne dust from onsite COPCs in surface soil (outdoor worker only).

Offsite construction/trench worker (current and future):

— Ingestion of sulfolane in groundwater (i.e., in excavation trenches).

Offsite adult and child recreational users (current and future):

— Ingestion of sulfolane in surface water (i.e., pore water).
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3.1.2 Data Evaluation, Constituent of Potential Concern Selection and Identification of Data Gaps

The proposed methods for data evaluation, identification of data gaps, selection of COPCs and proposed
sampling to address data gaps are discussed below. Both maximum and 95% upper confidence limit (95%
UCL) on the mean constituent concentrations for groundwater were evaluated.

3.1.2.1 Data Evaluation

The available data that were used include analytical results from soil investigations conducted at the site
since 2001. Data from four sets of soil samples were evaluated, including samples collected in March and
May 2001, July 2004, October 2010 and October 2011. One soil sample collected in 2010 (O-2 [7.5-9]) was
determined to be unusable in a Level four data validation, so this sample was not included in EPC
calculations.

Groundwater and surface-water data collected during the last 2 years were also included. SWI provided
the soil and groundwater analytical data used in the HHRA in an electronic format. Initially, the data were
separated into individual datasets by environmental media, including: onsite groundwater, offsite
(downgradient) groundwater, onsite surface soil (0 to 2 feet bgs) and onsite subsurface soil (2 to 15 feet
bgs).

The quality of the data is acceptable for risk assessment use. Parameters evaluated in the data quality
assessment include spatial and vertical coverage and representativeness of sampling locations, analytical
methods and reporting limits used by the laboratories, and data qualifiers applied during data validation.
The HHRA relies on validated data supplied by SWI as presented in the Revised Site Characterization
Report (Barr 2012). Data collected for this evaluation were collected per ADEC-approved sampling and
analysis plans. Consideration was given to the recently developed standard procedure for analyzing
sulfolane in groundwater (isotope dilution) and the historical variability between analytical results. The
data relied upon in this risk assessment met the following criteria for data usability for risk assessment as
recommended in ADEC (2010a) guidance:

e Analytical data sufficient for adequate site characterization were available.
e Data were collected consistent with ADEC and USEPA guidance.
e Sampling and analytical procedures gave accurate constituent-specific concentrations.

e Level two data validation was performed on analytical laboratory data used for this evaluation.
Validation reports for the 2011 soil and groundwater data, and for the 2012 pore-water data prepared
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by SWI, were included in the Revised Site Characterization Report (Barr 2012). Level four data
validation was performed on the 2010 sulfolane in soil analyses.

e Method detection limits and sample quantitation limits were below screening criteria.

¢ Qualified data were used in the risk assessment; potential bias from qualified data and how it might
result in an over or under estimation of risk is discussed in Section 3.5.

¢ Rejected data were not used for risk assessment purposes.

e For a given well, if all samples were reported as non-detects, then the lowest detection limit
associated with any sampling event at that well was used to represent the well.

e If a well had both detected concentrations and reported non-detects for a given COPC, then the non-
detect was represented by a value equal to one-half the detection limit associated with that COPC in
that sampling event.

Offsite groundwater has been sampled at monitoring wells and private residential wells. At the request of
ADEC, the off-site area was delineated into smaller exposure units (EUs) for the purposes of the 95%
UCL evaluation. Accordingly, ARCADIS developed three separate exposure units (e.g., Exposure Unit 1
[EU-1], Exposure Unit 2 [EU-2] and Exposure Unit 3 [EU-3]) for statistical evaluation. These EUs were
based on estimated sulfolane isocontour lines developed from fourth quarter 2011 groundwater sampling
data, and generally reflect spatially contiguous areas that represent certain ranges of concentration and
portions of the sulfolane plume in groundwater. Some data points outside of the concentration range are
present within each of the defined EUs and are the result of data collected from well screens of varying
depths. These data points were included in the analysis, because it is reasonable to assume that any
hypothetical exposures to water from drinking water wells within any given unit may also include
exposures to groundwater generated at varying depths. The EUs are bounded by the concentration
contours of greater than (>) 100 ug/L, >25 pg/L and detectable sulfolane (Figure 3-3). These contour
intervals were selected and drawn using the combined offsite well data set and are based on best
professional judgment. Guidance presented in the Data Quality Assessment: Statistical Methods for
Practitioners (USEPA 2006a) was considered during selection of the off-site groundwater dataset(s). The
data from wells within a given EU were used to estimate the 95% UCL on the mean concentration as a
health-protective and representative EPC. ProUCL version 4.1 (USEPA 2011b) was used to derive the
95% UCL on the mean of the constituent concentrations.

The utility of the soil and groundwater analytical data identified in the SWI (2000 and 2001) contaminant

characterization studies conducted for the site was evaluated for the HHRA. The characterization study
conducted at the site in 2001 was performed to collect additional soil and groundwater data to address data
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gaps from the site investigation conducted in 2000. In general, for both media, the analytical methods used
included those for GRO, DRO, RRO, BTEX, selected metals, VOCs, SVOCs and sulfolane (for groundwater

only).

3.1.2.2 Constituents of Potential Concern

COPCs have been identified from a list of potential constituents of interest (COls), such as those that were
likely used or spilled at the site. COPCs for each dataset were carried through the HHRA process.

Preliminary lists of COIls and COPCs in soil and groundwater at the site were presented in the Site
Characterization and First Quarter 2011 Groundwater Monitoring Report (Barr 2011). The lists were revised in
the Addendum (ARCADIS 2011b) based on the ADEC (2011a) Comment Matrix on the site characterization
report. The lists of preliminary COls and COPCs were also presented in the RAWP (ARCADIS 2011a).

As noted in the RAWP (ARCADIS 2011a), the list of COls was developed according to the following
process:

1. FHRA compiled a list of spills based on staff interviews, refinery records and a review of spill records
retained by the ADEC.

2. The list of spills was refined by eliminating:

a. Spills less than 10 gallons.
b. Spills that were reportedly contained.
c. Spills that were remediated and had confirmation sampling.

For many spills on the list, the material spilled was specific to one ingredient (e.g., propylene glycol) or was a
material with obvious and limited ingredients (e.g., kerosene). However, the individual ingredients (e.g., oily
water) of the other materials reportedly spilled were not provided. Refinery specialists such as chemists,
wastewater experts and production leads were consulted to apply operational knowledge of the refinery to
determine the ingredients that made up this set of materials. By this process, the list of spills was then
distilled down to the “ingredients” or the primary constituents that make up the material spilled. This
ingredient list was also compared to constituents that had been included in laboratory analyses of facility
wastewater. The resulting ingredient list was then used to make up a list of COls for the site. The COl list
also included constituents that were analyzed during previous site characterization studies, regardless of
whether they were detected above the practical quantitation limit (PQL). The list of COls for the site is shown
in Table 3-1. Constituents in the ingredient list that were analyzed for but not detected were not removed
from this list. If a constituent was previously detected at the site and/or was included in the ingredient list, it
was considered a COI.
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Table 3-1 indicates if a constituent was previously analyzed in soil or groundwater samples collected at the
site. Table 3-1 also indicates if a constituent was included in the ingredient list; the last four columns of the
table summarize whether toxicity data are available from the USEPA'’s Integrated Risk Information System
([IRIS]; USEPA 2012a).

For this Revised Draft Final HHRA, maximum detected concentrations and/or the laboratory reporting limits
of COls in soil and groundwater are compared with ADEC screening levels corresponding to a 1 x 10°°
target excess lifetime cancer risk (ELCR) and 0.1 target hazard quotient (HQ), as shown in Table 3-2a. COI
soil concentrations were compared with ADEC screening levels protective of potential migration to
groundwater based on a zone with less than 40 inches of annual precipitation, direct-contact exposures and
outdoor inhalation (ADEC 2008a [Table B-1 of 18 AAC 75, Method Two]). If ADEC soil screening levels
were unavailable, then COI concentrations in soil were compared with USEPA Regional Screening Levels
([RSLs]; USEPA 2011c), adjusted to a target ELCR of 1 x 10° (if necessary) and a HQ equal to 0.1, for the
applicable exposure pathway. Soil screening levels for GRO, DRO and RRO were from ADEC (2008a)
Table B-2 Method Two. COI groundwater concentrations were compared with ADEC groundwater
screening levels (ADEC 2008a; Table C). If ADEC groundwater screening levels were unavailable, then COI
concentrations were compared with USEPA RSLs (USEPA 2011c) based on tapwater ingestion.

The higher of either the maximum COI concentration detected above the laboratory reporting limit or
maximum detection limit was compared with the selected ADEC screening levels. The selected soll
screening levels were based on the lesser of the migration to groundwater, 1/10 the direct contact or 1/10 the
outdoor air screening levels. COls with concentrations exceeding the selected soil screening level were
identified as COPCs. Table 3-2a lists the COPCs identified in soil and groundwater based on ADEC (2010a)
COPC selection guidance applied to the COls identified in Table 3-1.

The preliminary COPCs identified at the site, as presented in Table 3-2a, are COls that were detected in site
media and exceeded ADEC screening levels. COls not detected in site media but that had practical
quantitation limits exceeding ADEC screening levels and COls identified by the refinery as ingredients that
could have been released are also considered COPCs. Arsenic was eliminated as a COPC in groundwater
based on published background concentrations for the area of the site (U.S. Geological Survey 2001).
However, it was retained as a COPC in soil in the RAWP (ARCADIS 2011a). An evaluation of the 2011
arsenic in soil data was presented in the Revised Site Characterization Report (Barr 2012). Based on this
evaluation, it is likely that the presence of detectable arsenic in soil samples collected at the site is
attributable to background concentrations. No other metal COls were eliminated from the list of COPCs
based on background concentrations. In accordance with ADEC (2010a) guidance, Table 3-2a has been
provided to the ADEC in Microsoft® Excel format.

Table 3-2b summarizes COPCs by environmental media.
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3.1.2.3 Data Gaps

Based on a review of the preliminary human health CSMs and available analytical data for environmental
samples collected at the site, and discussions held during the June 24, 2011 Risk Assessment Scoping
Meeting, four potential risk assessment data gaps were indicated:

e Limited surface soil data were available for the evaluation of potential risks and hazards to onsite
human receptors.

¢ Onsite containment of COPCs other than sulfolane must be supported.
e Possible connection between groundwater at the site and surface water must be determined.
¢ No soil gas data were available to evaluate onsite vapor intrusion concerns.

3.1.2.4 Sampling Plans to Address Data Gaps

Sampling plans for additional data collection are described in the Addendum (ARCADIS 2011b). With
respect to risk assessment data gaps identified in Section 3.1.2.3, the following field activities have been
conducted:

¢ Onsite soil assessment activities, to characterize soil impacts and provide data for risk assessment
activities. The soil data collected in 2011 adequately characterized the nature and extent of surface and
subsurface impacts for the purposes of this HHRA evaluation. Additional sampling is planned for 2012
to complete characterization for the purposes of a remediation feasibility study. The 2011 soil data were
validated and included in this evaluation.

e Additional groundwater sampling, during the third and fourth quarters 2011, confirmed that no other
COPCs (except sulfolane) have migrated offsite.

A pore-water investigation was conducted to better characterize sulfolane concentrations in the
groundwater/surface-water interface and the potential for surface-water sulfolane impacts. The March 2012
samples were collected when the adjacent surface-water body was frozen; therefore, the degree of
connectivity with surface water, if any, could not be established. Therefore, the piezometer samples were
likely more representative of groundwater. Because sulfolane degrades more rapidly in the presence of
nutrients and oxygen that would be present in the surface water (ADHSS 2010), the groundwater collected
adjacent to two of the three surface-water bodies in 2012 likely overestimates surface water concentrations
at those locations. The data presented in this Revised Draft Final HHRA provide a health-protective estimate
of risk to swimmers.
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Soil gas data were not collected to evaluate potential vapor intrusion concerns. Instead, onsite groundwater
data were used to evaluate the vapor intrusion exposure pathway. All onsite groundwater analytical data
collected during the last 2 years (2009 through 2011) were used to predict indoor air concentrations of
volatile COPCs and to estimate risks and hazards to current and future onsite indoor commercial workers.
The maximum detected groundwater concentration for each COPC was used as the source term for
Johnson & Ettinger (J&E) groundwater-to-indoor air modeling (USEPA 2004b) in the maximum exposure
scenario. The 95% UCL concentration calculated from the average concentration in each onsite well was
used as the source term in the 95% UCL scenario.

3.1.3 Quantification of Exposure

The objective of the exposure assessment was to estimate the type and magnitude of potential receptor
exposure to COPCs. Results of the exposure assessment were then combined with constituent-specific
toxicity values in the toxicity assessment (see Section 3.2) to characterize potential risks (USEPA 1989).

3.1.3.1 Dose/Intake Equations

Exposures were quantified using standard exposure equations consistent with RAGS (USEPA 1989,
1991, 2004a and 2009a) for the potentially complete exposure pathways identified in Section 3.1.1.4.

The general algorithms presented below were used to estimate the lifetime average daily dose (LADD) for
carcinogenic compounds and the average daily dose (ADD) for noncarcinogenic COPCs for direct-contact
pathways (i.e., ingestion and dermal contact) by combining environmental media concentrations with the
receptor-specific exposure parameters that constitute “intake factors.” Both the ADD and the LADD are in
units of milligrams per kilogram per day (mg/kg-day) (USEPA 1989). For inhalation exposure pathways,
exposure was estimated as an average exposure concentration (AEC) for noncarcinogenic COPCs or
lifetime average exposure concentration (LAEC) for carcinogenic COPCs. Both the AEC and the LAEC are
in units of milligrams per cubic meter (mg/m>) (USEPA 2009a).

The dose equations and parameter descriptions used are provided in the following subsections.

3.1.3.1.1 Incidental Ingestion of Soil

The doses of COPCs associated with incidental ingestion of soil were calculated as follows:
EPCs*IRs *FI *EF *ED * CF

Dose = * RAF
BW * AT
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Where:
Dose = ADD or LADD (mg/kg-day)
EPC, = EPC in soil (milligrams per kilogram [mg/kg])
IR = soil ingestion rate (milligrams soil per day)
FI = fraction ingested (unitless)
EF = exposure frequency (days per year)
ED = exposure duration (years)
CF = conversion factor (1x107 kilograms per milligram [kg/mg])
BW = body weight (kg)

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

RAF = relative absorption factor (unitless), assumed to equal 1

The USEPA (1989) defines Fl as a “pathway-specific” value that should be applied to consider constituent
location and population activity patterns. FI accounts for the fraction of the site covered with asphalt or
vegetation, which reduces potential exposure. Following the ADEC’s (2010a) guidance, an Fl of 1 was
assumed for the current and future onsite outdoor commercial/industrial worker and future onsite
construction/trench worker, despite the fact that much of the site is covered with asphalt and buildings.

3.1.3.1.2 Dermal Contact with Soil
Absorbed doses of constituents associated with dermal contact with soil were calculated as follows:

EPC, * SSA; * AF * FC * ABS; * EV *EF * ED * CF
Dose =

BW * AT

Where:
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Dose = ADD or LADD (mg/kg-day)

EPC; = EPC in soil (mg/kg)

SSA = SSA available for contact (cm2/event)

AF = soil-to-skin adherence factor (mg/cm*-event)
FC = fraction in contact with soil (unitless)

ABS4 = dermal absorption factor (unitless)

EV; = event frequency (soil) (events/day), assumed to be 1 per day unless otherwise noted
EF = exposure frequency (days/year)

ED = exposure duration (years)

CF = conversion factor (1x10° kg/mg)

BW = body weight (kg)

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

Constituent-specific dermal parameters, such as SSAs, AF and ABS, were provided from USEPA (2004a)
RAGS Part E. ABS, are presented in Table 3-13.

Similar to FI for the soil ingestion pathway, FC was added to the dermal contact equation to account for
the fraction of the site covered with asphalt or vegetation, which reduces potential exposure. Following
the ADEC’s (2010a) guidance, an FC of 1 was assumed for the current and future onsite
commercial/industrial worker and future onsite construction/trench worker.

3.1.3.1.3 Ingestion of Groundwater

The doses of COPCs associated with ingestion of groundwater were calculated as follows:

Dose = EPC. * IRy * EF * ED
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BW * AT

Where:

Dose = ADD or LADD (mg/kg-day)

EPC, = EPC in water (milligrams per liter [mg/L])

IRy, = water ingestion rate (liters water/day)

EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = body weight (kg)

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

3.1.3.1.4 Dermal Contact with Groundwater

Absorbed doses of constituents associated with dermal contact with groundwater were calculated as
follows:

DAgent * SSA, * EV,, * EF *ED
Dose =

BW * AT

Where for organics (teyent <t™):

t

event

DAgyers =2*FA*K, *EPC,, *CF *\/E*rewanr*

o
b

Where for organics (teyen: >t*):
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FA*K,+EPC,, +CF+

event = + [ Tavent

Where for inorganics:
DAegvent = Ky * EPCy, * CF * tovent
Dose = ADD or LADD (mg/kg-day)
DAgvent = dose per event (mg/cmz-event)
SSA,, = SSA available for contact with water (cmZ/event)
EV,, = event frequency (water) (events/day), assumed to be 1 per day unless otherwise noted
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
t* = time to reach steady state (hours), equivalent to 2.4 X Teyent

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

FA = fraction absorbed (unitless)
= permeability coefficient (centimeter/hour)
EPC,, = EPC in water (mg/L)
CF = conversion factor (1x10'3 liters per cubic centimeter)
Tevent = lag time per event (hours/event)

B = permeability ratio (unitless)
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tevent = €vent duration (hours/event)
3.1.3.1.5 Inhalation of Outdoor or Indoor Air

Exposure concentrations associated with the inhalation of vapors or particulates in outdoor or indoor air
are calculated using USEPA (2009a) RAGS Part F methodology as follows:

AEC or EPC, *EF *ED *ET

LAEC =

AT
Where:

AEC or LAEC = average or lifetime exposure concentration in air (micrograms per cubic meter
[ug/m®])

EPC, = EPC in outdoor or indoor air (pg/m3)
EF = exposure frequency (days/year)

ED = exposure duration (years)

ET = exposure time (hours/day)

AT = averaging time (hours), for carcinogens is equal to 70 years * 365 days per year * 24 hours
per day, and for noncarcinogens AT is equal to ED (in years) * 365 days per year * 24 hours per
day

3.1.3.1.6 Ingestion of Homegrown Produce

Groundwater from the site may be used to irrigate locally grown crops, creating the potential for sulfolane to
be taken up into plants that are then consumed by humans. In the few studies that have been conducted on
the topic of uptake in plants, sulfolane has been demonstrated to be taken up into plants as the result of the
constituent’s high miscibility with water. Sulfolane is carried, along with water, through the roots, into the
xylem and ultimately into the leaves of the plants. When water is lost through the leaves due to
evapotranspiration, the sulfolane, due to its low volatility, tends to remain in the leaves where it may
accumulate. Based on this information, it is assumed that if sulfolane is taken up by plants, it would
predominantly be present in the leaves rather than in the roots or fruit.
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This assumption is corroborated by the Final Results of the North Pole Garden Sampling Project (ADEC
2011b), which demonstrated that concentrations in roots were substantially lower than those in the stems
and leaves. In the ADEC (2011b) study, which was led by ADHSS, 27 types of plant parts from multiple
gardens irrigated with sulfolane-containing groundwater were collected from July to September 2010.
Approximately one-half of the plant samples were reported as not detected, but 14 of the plant types tested
were confirmed to contain sulfolane, primarily in the leaves and stems. Using data from the Final Results of
the North Pole Garden Sampling Project (ADEC 2011b), the ADHSS evaluated the potential for risk to
consumers of vegetables irrigated with sulfolane-containing water and concluded that sulfolane levels in the
plants were low and not likely to cause any adverse health effects. However, because of the limited number
of gardens sampled and the fact that the data were collected during only one growing season, the results of
the investigation were considered preliminary and the exposure pathway was further evaluated in this
assessment.

Following USEPA (2005) guidance, bioaccumulation of sulfolane in locally grown crops was evaluated using
a biotransfer factor to estimate concentrations in plant tissues based on groundwater concentrations. There
are no accepted values developed for sulfolane, but there is evidence to suggest that the uptake of sulfolane
does not follow standard models based on partitioning coefficients (e.g., Kow); therefore, an appropriate
surrogate was not identified. Given the lack of constituent-specific information available in the literature, the
ADEC has requested the use of a factor of 1. Use of this value assumes that the concentration of sulfolane
in the edible portions of the plant tissues is equivalent to the concentration of sulfolane in groundwater.

After estimating the EPC, the doses of sulfolane associated with resident ingestion of homegrown fruits
and vegetables were calculated using the following equation:

EPC, * (IRPs + IRP,g) * FI * EF *ED * CF
Dose =

BW * AT

Where:
Dose = ADD (mg/kg-day)
EPC, = EPC in produce (mg/kg) = EPC,,* BCF
Where:
EPC, = EPC in water (mg/L)

BCF = water-to-produce bioconcentration factor (unitless)
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IRPs, = fruit ingestion rate (mg/day)

IRP,4 = vegetable ingestion rate (mg/day)

Fl = fraction ingested (unitless)

EF = exposure frequency (days/year)

ED = exposure duration (years)

CF = conversion factor (1x10° kg/mg)

BW = body weight (kg)

AT = for the noncarcinogen sulfolane is equal to ED * 365 days per year

The ADEC requested use of adult resident fruit and vegetable ingestion rates of 259,000 and 413,000
mg/day, respectively; child resident fruit and vegetable ingestion rates of 223,500 and 201,000 mg/day,
respectively; and infant resident fruit and vegetable ingestion rates of 155,250 and 109,350 mg/day,
respectively, based on 95" percentile per capita intakes presented in the USEPA (2011a) EFH Table 9-3.
The intakes rates presented in the EFH were multiplied by receptor-specific BW (for example, adult fruit
ingestion rate was calculated by 3.7 grams per kilogram per day * 70 kg * 1,000 milligrams per gram =
259,000 mg/day). These calculations translate into the assumption that infants will consume
approximately 6 ounces of fruits and 4 ounces of vegetables a day; children will consume approximately 8
ounces of fruits and 7 ounces of vegetables a day; and adults will consume approximately 9 ounces of
fruits and 15 ounces of vegetables a day. The risk assessment assumes that during their first year of life,
infants will ingest approximately 228 pounds of homegrown fruits and vegetables. For children and adults,
the assumption is approximately 342 and 548 pounds per year, respectively.

A fraction of 25 percent (i.e., an Fl equal to 0.25) consumption of homegrown fruits and vegetables, for
offsite residents is used in the exposure assessment. This represents a 3-month growing season.
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3.1.3.1.7 Ingestion of Surface Water

The doses of sulfolane associated with ingestion of surface water while swimming were calculated as
follows:

EPC, *ET *EF *ED * CRy,
Dose =

BW * AT

Where:

Dose = ADD (mg/kg-day)

EPC,, = EPC in water (mg/L)

ET = exposure time (hours per day)

EF = exposure frequency (days/year)

ED = exposure duration (years)

CR,, = contact rate of surface water (liters/hour)

BW = body weight (kg)

AT = for the noncarcinogen sulfolane is equal to ED * 365 days per year
For the PPRTV Scenario, as shown in Table 3-12, the offsite adult and child recreational user surface-
water ingestion rates of 0.071 and 0.12 liter/hour, respectively, were based on recommended upper
percentile values for swimmers presented in the USEPA (2011a) EFH Table 3-5 representing the
maximum ingestion rate for adults and the 97th percentile ingestion rate for children age 18 and under.
Adult and child (1 to 6 years of age) recreational users were assumed to swim for 30 and 6 years,
respectively, for 60 days per year for 1 hour per day.
3.1.3.2 Exposure Point Concentrations
Per ADEC (2010a) guidance, “the exposure point concentration is used to assess risk and should be

estimated using a 95% UCL on the mean of the contaminant concentrations.” The EPC represents the
average concentration of a COPC in an environmental medium that is potentially contacted by a receptor
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during the exposure period (USEPA 1989). The USEPA (1989) also recommends the use of the 95%
UCL as a conservative estimate of the EPC, because it represents the average concentration for which
we have 95 percent confidence that the true mean concentration has not been exceeded. Unless there is
site-specific evidence to the contrary, an individual receptor is assumed to be equally exposed to media
within all portions of the EU during the time of the risk assessment (USEPA 2002c). For this HHRA ADEC
has also requested evaluation of maximum COPC concentrations in groundwater as EPCs in the PPRTV
Scenario. Note that the ADEC Draft Risk Assessment Procedures Manual was updated during preparation
of this HHRA (ADEC 2011c). The updated manual includes guidance on the use of maximum groundwater
concentrations for EPCs.

EPCs are estimated separately for each medium. Consistent with USEPA (2006b, 2007) guidance, surface
soil, subsurface soil and groundwater EPCs were estimated using the 95% UCL of the mean for datasets
with at least eight samples and at least five detected values. For this HHRA, a “dataset” was considered the
aggregate of samples for one COPC, for one pathway, within a particular EU (onsite or offsite). Calculation
of a 95% UCL depends on the distribution of the dataset and variability in the data. To assess statistical
validity, data evaluation, distribution testing and 95% UCL calculations were performed using the USEPA’s
ProUCL version 4.1 (http://www.epa.gov/osp/hstl/tsc/software.htm) and according to the recommendations
provided in the associated technical documentation (USEPA 2006, 2007, 2011b). Analytical data used for
the HHRA are provided in Appendix A and ProUCL output files are included in Appendix B. For datasets
with fewer than eight samples or fewer than five detected values, the EPC was the maximum detected
concentration. Soil and groundwater datasets for most COPCs have more than eight samples each.

To combine data collected from monitoring wells and private residential wells, individual well means were
calculated. The following methods were used to normalize the groundwater data in a manner that provides
equal representation between wells with different numbers of observations:

e For a given well, if all samples were reported as non-detects, then the lowest detection limit associated
with any sampling event at that well was used to represent the well.

¢ If a well had both detected concentrations and reported non-detects for a given COPC, then any non-
detect was represented as one-half the detection limit associated with that sampling event for that
COPC.

With the individual well means calculated as described above, ProUCL was used to estimate the 95% UCL
of the mean of sulfolane across all wells in an EU (Figure 3-3). EU-1 represents approximate sulfolane
concentrations in groundwater of >100 pg/L, EU-2 where detected sulfolane concentrations range from >25
t0 99.9 ug/L, and EU-3 where sulfolane concentrations ranged from not detected above the laboratory
reporting limit to 24.9 pg/L. Given the sizable area of each EU, some results included in the data analyses
are different from others in each EU. For example, some non-detect results occur in EU-1 and EU-3. These
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values are primarily attributable to groundwater samples collected from variable screen depths. It is
reasonable to assume that groundwater extracted from a variety of screen lengths may be ingested by
potential receptors that might use groundwater as drinking water. Therefore, these data points were included
in the EPC calculations for each EU. Non-detect observations for the COPCs in soil and groundwater were
addressed using the methods described above.

In addition, per ADEC (2010a) guidance for duplicate samples, the highest detected value from the primary
and duplicate samples was used to represent that sample result. For any COPC, if the 95% UCL COPC of
the mean concentration exceeded the maximum detected concentration, then the maximum detected
concentration was the EPC. Summary statistics for the COPCs are presented in the risk characterization,
including detection frequency, number of samples, minimum and maximum detected concentrations, and
calculated 95% UCL concentrations.

EPCs were estimated separately for each medium. Tables 3-3 through 3-10 present area-wide summary
statistics and EPCs for COPCs as follows:

e Surface soil (0 to 2 feet bgs; see Table 3-3 for 95% UCL COPC concentrations)

e Subsurface soil (0 to 15 feet bgs; see Table 3-4a for maximum COPC concentrations and Table 3-4b
for 95% UCL COPC concentrations)

¢ Onsite groundwater (see Table 3-5a for maximum COPC concentrations and Table 3-5b for 95% UCL
COPC concentrations)

e Offsite groundwater in all wells (see Table 3-6 for maximum sulfolane concentration)
e Offsite groundwater in EU-1 (see Table 3-7 for 95% UCL sulfolane concentration)

e Offsite groundwater in EU-2 (see Table 3-8a for maximum sulfolane concentration and Table 3-8b for
95% UCL sulfolane concentration)

e Offsite groundwater in EU-3 (see Table 3-9a for maximum sulfolane concentration and Table 3-9b for
95% UCL sulfolane concentration)

e Offsite surface water (see Table 3-10 for maximum sulfolane concentration estimated from pore water).

Soil, groundwater, outdoor air, indoor air, homegrown produce and surface-water EPCs are further
discussed below.
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3.1.3.2.1 Soil Exposure Point Concentrations

Onsite receptors may potentially contact surface soil or a combination of surface and subsurface soil.
According to ADEC guidance 18 AAC 75.340(j)(2), “human exposure from ingestion, direct contact or
inhalation of a volatile substance must be attained in the surface soil and the subsurface soil to a depth of
at least 15 feet, unless an institutional control or site conditions prevent human exposure to the
subsurface” (ADEC 2008c). Currently and in the future, FHRA will have institutional controls in place (i.e.,
permits) that provide worker protection (i.e., appropriate personal protective equipment) in the event of
planned excavation of onsite soil. For this HHRA, two soil EPCs are calculated for each COPC. Surface
soil is considered to occur from 0 to 2 feet bgs (Table 3-3) and subsurface soil is considered to occur from
0 to 15 feet bgs (Tables 3-4a and 3-4b). EPCs for soil were calculated using the 95% UCL on the mean of
the dataset for surface soil exposures, or the maximum detected COPC concentrations for surface and
subsurface soil exposures (relevant to potential onsite construction/trench workers).

3.1.3.2.2 Surface Soil Exposure Point Concentrations

For this HHRA, it is presumed that onsite commercial/industrial workers may potentially contact surface
soil onsite that is not covered with pavement or vegetation. Therefore, surface soil EPCs were calculated
and used to evaluate potential exposure by onsite commercial/industrial workers, using analytical data
from the surface soil dataset in uncovered portions of the site (i.e., soil samples collected from ground
surface to 2 feet bgs). The 95% UCL of the mean concentrations of COPCs in surface soil collected from
0 to 2 feet bgs were used to evaluate:

¢ Direct-contact exposure pathways to onsite outdoor commercial/industrial workers

e Potential inhalation of fugitive windborne dust from onsite surface soil by onsite outdoor commercial/
industrial workers, offsite residents and offsite outdoor commercial/industrial workers.

3.1.3.2.3 Surface and Subsurface Soil Exposure Point Concentrations

The 95% UCL of the mean concentrations of surface soil collected from 0 to 2 feet bgs were used to
evaluate direct-contact exposure pathways to onsite outdoor commercial/industrial workers, and potential
inhalation of fugitive windborne dust from onsite soil by onsite and offsite outdoor commercial/industrial
workers. The onsite construction/trench worker may be directly exposed to surface and subsurface soll
during excavation activities. Therefore, EPCs for evaluating exposure by the onsite construction/trench
worker were generated using analytical data from the combined surface and subsurface soil dataset (i.e.,
soil samples collected from ground surface to as deep as 15 feet bgs). The maximum detected
concentrations in the combined surface and subsurface soil sample dataset were used to estimate
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surface and subsurface soil EPCs for direct-contact pathways for the onsite construction/trench worker
because that exposure may be localized rather than averaged over the entire site. In addition, in
accordance with ADEC guidance (2010a), surface and subsurface soil EPCs based on the 95% UCLs
were also used to evaluate potential exposures by the construction/trench worker.

3.1.3.2.4 Groundwater Exposure Point Concentrations

For COPCs in groundwater, COPC EPCs were distinguished for both on- and offsite potential exposures as
described in the following sections.

3.1.3.2.4.1 Onsite Groundwater Exposure Point Concentrations

Groundwater EPCs were used to estimate direct-contact exposure (i.e., dermal contact) by the onsite
outdoor worker and incidental ingestion and dermal contact by onsite construction/trench workers during
excavation activities. Groundwater COPC EPCs were estimated using the last 2 years of data (i.e., 2009
to 2011) collected from onsite groundwater monitoring wells. In addition to evaluating the potential
exposures to COPCs in groundwater over an EU using 95% UCL concentrations, the ADEC also
requested that groundwater EPCs be calculated using the maximum detected concentration during the
last 2 years of groundwater monitoring (see Tables 3-5a and 3-5b).

3.1.3.2.4.2 Offsite Groundwater Exposure Point Concentrations

Offsite sulfolane groundwater EPCs were used to estimate direct-contact exposure (i.e., incidental
ingestion) by offsite construction/trench workers during excavation activities and to estimate direct-contact
exposure (i.e., ingestion) by offsite residents and commercial/industrial receptors. In addition to evaluating
the potential exposures to sulfolane in groundwater using a 95% UCL concentration for each of the EUs
depicted on Figure 3-3, the ADEC also requested risk calculations using the maximum detected sulfolane
concentration during the last 2 years of groundwater monitoring (i.e., 2009 to 2011), applied to the entire
offsite area. EPCs were derived for each offsite EU identified on Figure 3-3 including:

e All offsite wells (Table 3-6), evaluated using the maximum offsite concentration as the EPC

e EU-1 (Table 3-7), evaluated using the 95% UCL concentration in offsite wells in EU-1 (the maximum
concentration located in EU-1 is the same as the off-site maximum concentration, as shown in Table
3-6)

e EU-2 (Table 3-8a for maximum concentrations and Table 3-8b for 95% UCL concentrations)

e EU-3 (Table 3-9a for maximum concentrations and Table 3-9b for 95% UCL concentrations).
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In summary, the maximum detected concentrations of sulfolane in offsite groundwater from EU-1, EU-2
and EU-3 were used to estimate risks and hazards for relevant receptors for the PPRTV Scenario. In
addition, for each EU, EPCs based on the 95% UCL were also used to estimate risks and hazards for
relevant receptors at each of the offsite groundwater offsite EUs (EU-1, EU-2 and EU-3), per USEPA (1989)
guidance, professional judgment, and the RAWP (ARCADIS 2011).

3.1.3.2.5 Outdoor Air Exposure Point Concentrations

In accordance with the USEPA (1989), exposure to constituents in outdoor air was evaluated as exposure
to fugitive dust emissions (for non-VOCs, from soil only) or volatile emissions (for VOCs, from soil or
groundwater). The USEPA (2002b) recommendations for media transfer factors to evaluate these
exposures are described below.

3.1.3.2.5.1 Estimating Outdoor Air Exposure Point Concentrations from Soil Concentrations

A particulate emission factor (PEF) for non-volatile COPCs was used to estimate EPCs in outdoor air
from soil. The industrial PEF (1.36 x 10° cubic meters per kilogram [m3/kg]) obtained from the
Supplemental Guidance for Developing Soil Screening Levels for Contaminated Sites (USEPA 2002b)
was used to estimate outdoor air EPCs of non-volatile COPCs for onsite outdoor commercial/industrial
workers and construction/trench workers potentially exposed to particulate emissions from soil.

A volatilization factor (VF) for VOCs was used to estimate EPCs of volatile COPCs in outdoor air from soil
(VFso1). Outdoor air EPCs were estimated for the onsite outdoor commercial/industrial worker and onsite
construction/trench worker using the EPC for the combined surface and subsurface soil dataset.
Constituent-specific VFs,; were obtained from the USEPA (2011c) RSL spreadsheets, where they exist,
to estimate outdoor air EPCs of volatile COPCs for onsite outdoor commercial/industrial workers and
construction/trench workers potentially exposed to volatile COPCs emanating from surface and
subsurface soil. For volatile COPCs not listed in the USEPA’s RSL table, VFs were derived according to
USEPA guidance (USEPA 2002b). Table 3-11 presents the VFsg; that were used to calculate VFsg; if
they were not available on the RSL spreadsheets.

The following equation was used to calculate outdoor air EPCs from soil EPCs using either a PEF or
VI:soil:

EPC;
EPC, =

Where:
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EPC, = EPC in air (mg/m°)
EPC; = EPC in soil (mg/kg)
PEF = particulate emission factor (m3/kg)

VF.i = volatilization factor (soil) (m®/kg)

3.1.3.2.5.2 Estimating Outdoor Air Exposure Point Concentrations from Groundwater Concentrations

Construction workers (i.e., trench workers) may also be exposed to VOCs released from shallow
groundwater that may pool in a trench and volatilize to trench air. Groundwater occurs as shallow as 8 feet
bgs in portions of the site. To estimate the potential concentrations of COPCs that could volatilize from
groundwater to trench air, volatilization factors (VFg,) obtained from the Virginia Department of
Environmental Quality (2012) were used to estimate trench air EPCs from groundwater. The trench air
EPCs were used to evaluate potential exposures by on and offsite construction/trench workers potentially
exposed to volatile COPCs emanating directly from shallow groundwater in an excavation trench. The
equation for using VF g, to calculate trench air EPCs from groundwater EPCs is as follows:

EPCa = EPng* VFgw
Where:
EPC, = EPC in trench air (mg/m°)

EPC,, = EPC in groundwater (mg/L) (as 95% UCL and as maximum EPC; see Section 3.1.3.2.4
for discussion about on and offsite groundwater EPCs)

VFg4, = volatilization factor (groundwater) (liter per cubic meter)

For onsite exposures, the trench air EPCs are presented in Table 3-5a (maximum EPC) and Table 3-5b

(95% UCL EPC).

As discussed in Section 3.1.1, onsite construction/trench workers may potentially be exposed to vapors
emanating from soil during trench excavation. Therefore, potential exposures to volatile EPCs in trench air
from both soil and shallow groundwater sources, as well as COPCs as fugitive dust from soil were estimated
for onsite construction/trench workers. For offsite construction/trench workers, sulfolane in trench air from
offsite groundwater is the only potential exposure onsite.
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3.1.3.2.6 Indoor Air Exposure Point Concentrations

The Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils
(USEPA 2002a), Vapor Intrusion Pathway: A Practical Guide (ITRC 2007a) and Vapor Intrusion Pathway:
Investigative Approaches for Typical Scenarios (ITRC 2007b) were used to assess vapor intrusion. The
J&E model was used to estimate indoor air concentrations resulting from intrusion of vapors from sub-
slab soil gas into onsite buildings. The J&E model is a one-dimensional, screening-level model used to
evaluate subsurface vapor intrusion into buildings. It incorporates both convective and diffusive
mechanisms to estimate the transport of constituent vapors emanating from soil gas into indoor spaces
located directly above the source (J&E 1991, USEPA 2004b). When estimating the concentration of
COPC vapors in indoor air, the J&E model assumes the following:

e Constant, infinite source of constituents (e.g., in groundwater or soil gas)

e Steady-state diffusion through the unsaturated zone

e Convective and diffusive transport through the basement floor or slab

e Complete mixing within the building, estimated using an air exchange rate.

Due to the uncertainties associated with partitioning from soil to soil gas, ITRC (2007b) does not
recommend using soil data as a source of COPCs to evaluate potential vapor intrusion. Therefore, source
concentrations were estimated using the groundwater data as discussed in Section 2.6.2. Source
concentrations for the model consisted of the groundwater EPCs based on maximum detected COPC
concentrations in groundwater as well as the 95% UCL of the mean groundwater concentrations (see
Section 3.1.3.2.4). Site-specific parameters, such as soil type and average soil temperature, were used in
the J&E model where available. The top 3 to 5 feet of soil was assumed to be sand. Geotechnical data
show that this depth interval is silty sand. An average soil temperature of 5 °C was used. The remaining
parameter values, including constituent-specific parameter values, were estimated using the default
values provided by the USEPA (2004b) in the User's Guide for Evaluating Subsurface Vapor Intrusion
into Buildings and the associated model spreadsheets. Appendix C presents the results of the USEPA’s
J&E-based model to predict indoor air COPC concentrations from COPC concentrations in onsite
groundwater. For onsite exposures, the indoor air EPCs are presented in Table 3-5a (maximum EPC)
and Table 3-5b (95% UCL EPC).

3.1.3.2.7 Homegrown Produce Exposure Point Concentrations

Residents who consume homegrown produce that has been irrigated with offsite groundwater were
evaluated. Homegrown produce EPCs were calculated using bioconcentration factors (BCFs) applied to
offsite groundwater EPCs (Tables 3-6 through 3-9b). The Final Results of the North Pole Garden Sampling
Project (ADEC 2011b) showed that sulfolane was taken up into garden plants at concentrations below
adult risk-based screening criterion developed by the ADHSS. However, a BCF equal to 1 was used to
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predict uptake of sulfolane into both aboveground and belowground vegetables (as described in Section
3.1.3.1.6).

3.1.3.2.8 Surface-Water Exposure Point Concentrations

Recreational users who ingest surface water that has migrated from groundwater beneath the site were
evaluated. The maximum detected concentration of sulfolane collected during the 2012 field season from
adjacent to a frozen surface-water body was assumed to represent groundwater that has migrated offsite
to downgradient water bodies. Summary statistics and the surface-water EPC are presented in Table 3-
10.

3.1.3.3 Exposure Parameters

Exposure parameter values that were identified for each receptor at the site for the PPRTV scenario are
provided in Table 3-12. The exposure parameters were based primarily on those provided in ADEC
(2010a) and USEPA (1989, 1991, 1997a and 2004a) as well as other sources, as noted. These exposure
parameters meet or exceed the USEPA (1989) approach for estimating reasonable maximum exposure
(RME), which is the maximum exposure that is reasonably expected to occur in a population. Its intent is
to estimate a health-protective exposure case (i.e., well above the average case) that is still within the
range of possible exposures (USEPA 1989). Mathematically, the RME estimate for each exposure
pathway combines upper percentile values and assumptions with selected average values and
assumptions. The upper percentile assumptions tend to maximize estimates of exposure, such as
choosing a value near the high end of the concentration or intake range. Therefore, the RME estimates
tend to be at the high end of the exposure range, generally greater than the 90" percentile of the
population.

3.1.3.4 Assessment of Potential Lead Exposures

The potential hazard associated with lead exposure was evaluated by comparing the predicted blood-lead
concentrations to the Centers for Disease Control and Prevention (CDC) blood-lead threshold
concentration. The threshold lead concentration is 10 micrograms per deciliter (ug/dL) of whole blood
based on potentially adverse neurological effects in children (CDC 2011). A blood-lead concentration of
less than 10 ug/dL was deemed acceptable. The USEPA’s (2009b) Adult Lead Model (ALM) model, which
estimates the blood-lead levels of workers and the fetus of a pregnant worker, was used to evaluate the
potential onsite exposure to lead in groundwater for the receptors evaluated.

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc

40



_ Revised Draft Final Human
@ ARCADlS Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

3.2 Toxicity Assessment

The toxicity assessment identified toxicity values that relate exposure (dose) to potential risk or hazard for
each COPC. Toxicity values derived from dose-response data were combined with estimates of exposure
to characterize potential noncarcinogenic hazard and carcinogenic risk (see Section 3.3.2). Toxicity
profiles were provided for risk/hazard drivers and sulfolane. Selection of toxicity values followed the
hierarchies described below.

3.2.1  Noncarcinogenic Toxicity Values

Chronic and subchronic reference doses (RfDs) were used to evaluate potential adverse effects from
ingestion, dermal and inhalation (dust) exposures to noncarcinogenic COPCs. Chronic RfDs, which
correspond to 7 or more years of exposure, are specifically developed to be protective of long-term
exposures to a constituent with a considerable health-protective margin of safety, which is usually over
1000-fold. The USEPA (1989) defines the chronic RfD as “a daily exposure level for the human
population, including sensitive subpopulations, that is likely to be without an appreciable risk of
deleterious effects during a lifetime.”

The following sources were used to identify chronic toxicological reference values:
e USEPA (2012a) IRIS.

e USEPA PPRTVs, derived by the USEPA's Superfund Health Risk Technical Support Center for the
USEPA Superfund program. Current values were obtained directly from the USEPA.

e California Environmental Protection Agency (CalEPA) reference exposure levels from the California
Office of Health Hazard Environmental Assessment (OEHHA).

e ATSDR Minimal Risk Levels (MRLs) (ATSDR 2012) Chronic MRLs were used to evaluate chronic
exposure.

e USEPA (1997b) Health Effects Assessment Summary Tables (HEAST).

The USEPA (1989) defines exposures lasting between 2 weeks and 7 years as subchronic exposures. As
a result, the short-duration and intermittent nature of construction/trench worker and infant exposures
required consideration of subchronic toxicity values (subchronic RfDs) to estimate the potential for effects.
Subchronic RfDs are developed to be protective of subchronic exposures to constituents with a
conservative measure of safety (USEPA 1989). Subchronic RfDs for ingestion (oral) and inhalation (dust
and vapor) exposure were identified from the following sources, in the following order of priority:
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e USEPA PPRTVs. Current values were obtained directly from the USEPA.
e ATSDR MRLs (ATSDR 2012). Intermediate MRLs were used to evaluate subchronic exposure.
e USEPA (1997b) HEAST.

For the PPRTV Scenario, in addition to chronic RfDs, subchronic RfDs, if available, were used to evaluate
potential exposures to onsite construction/trench workers and offsite infants. If subchronic RfDs were
unavailable, then only chronic RfDs were used. For the PPRTV Scenario, chronic RfDs were used for
offsite children.

Current USEPA guidance recommends calculating a dermal RfD by multiplying the oral RfD by the
percent oral absorption efficiency (ABSGI). This recommendation requires one of the following:

e Acritical study upon which the toxicity value is based employed an administered dose (e.g., delivery
in diet or by gavage) in its design.

e A scientifically defensible database exists that demonstrates that the gastrointestinal absorption of
the constituent in question from a medium (e.g., water, feed) similar to the one employed in the
critical study is significantly less than 100 percent (e.g., less than 50 percent).

Values for ABSGI were obtained from RAGS (USEPA 2004a). Chronic and subchronic RfDs are
presented in Table 3-13.

3.2.2 Carcinogenic Toxicity Values

Oral cancer slope factors (CSFs) and inhalation unit risk (IUR) factors were used to evaluate potential
carcinogenic effects from ingestion, dermal and inhalation exposures to COPCs. CSFs quantitatively
describe the relationship between dose and response. A CSF represents the 95% UCL of the slope of the
dose-response curve and is derived using a low-dose extrapolation procedure that assumes linearity at
low doses. By applying a CSF to a particular exposure level of a potential carcinogen, the upper bound
lifetime probability of an individual developing cancer related to that exposure can be estimated.

CSFs have been developed for the oral and inhalation (dust particulates) exposure routes; IURs have
been developed for the inhalation exposure route. CSFs for oral and IURs for inhalation exposures were
identified from the following sources, in the following descending order of priority:

e USEPA (2012a) IRIS.

e USEPA PPRTVs. Current values were obtained directly from the USEPA.
e CalEPA (2012) OEHHA Toxicity Criteria Database.

e USEPA (1997b) HEAST.
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As is the case for noncarcinogenic toxicity, the USEPA has not developed dermal CSFs for use in risk
assessment. Dermal CSFs were calculated in a manner similar to that of noncarcinogenic RfDs for
dermal exposure by dividing the oral CSFs by the ABSGI AF (USEPA 2004a). CSFs are presented in
Table 3-13.

3.2.3 Sulfolane Toxicity Values

Toxicity values for sulfolane are not presented in IRIS (USEPA 2012a). However, a PPRTV chronic oral
RfD of 0.001 mg/kg-day and a PPRTV subchronic oral RfD of 0.01 mg/kg-day have been prepared for
sulfolane (USEPA 2012b).

The PPRTV Scenario risk assessment presents estimated hazards for potential sulfolane exposures
using the USEPA (2012b) PPRTV oral RfDs for sulfolane

3.2.4 Toxicity Equivalence Factors for Polynuclear Aromatic Hydrocarbons

As shown in Tables 3-2a and 3-2b, some carcinogenic PAHs have been identified as COPCs in soil.
Following ADEC (2010a) guidance, toxicity equivalence factors (TEFs) were used to assess risks to
carcinogenic PAHSs, including benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene,
benzo(k)fluoranthene, chrysene, dibenz(a,h)anthracene and indeno(1,2,3-c,d)pyrene). TEFs were applied
to EPCs of all carcinogenic PAHs in surface and subsurface soil to equivalent concentrations of
benzo(a)pyrene (USEPA 2011c) and total risk was derived for the carcinogenic PAH COPCs. The
assessment of potential exposures to other PAHSs also included PAHSs identified as COPCs in soil based
on analytical data collected during the 2011 field season.

3.3 Risk Characterization — Provisional Peer Reviewed Toxicity Value Scenario

This section presents the PPRTV Scenario and provides estimated ELCRs and hazard indices (HIs) for
potentially complete and significant exposure pathways identified in Section 3.1.1.4 for on- or offsite
potential receptors, based on the USEPA (2012a) PPRTV toxicity criteria for sulfolane and the exposure
parameters presented in Table 3-12.

3.3.1 Risk Characterization — PPRTV Scenario

The risk characterization integrates results of the data evaluation, exposure assessment and toxicity
assessment to evaluate potential risks associated with exposure to site COPCs. The basis for the risk
characterization is the quantitative evaluation of potential exposure by potential receptors to COPCs,
which consists of estimating carcinogenic risk and noncarcinogenic hazard. This quantitative evaluation of
risk and hazard generally provides a health-protective representation of the upper end (potentially highest
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exposures) for a receptor. The quantitative methods used to calculate noncarcinogenic hazard and
carcinogenic risk are presented below. Consistent with USEPA (1989) guidance, the potential for
carcinogenic and noncarcinogenic risks were evaluated separately.

3.3.1.1 Carcinogenic Risk

For potential carcinogens, risk was estimated as the incremental probability of an individual developing
cancer during a lifetime as a result of RME to a potential carcinogen and was calculated as follows:

ELCR=LADDi x CSFi

Where:

ELCR = excess lifetime cancer risk (unitless)

LADD:i = lifetime average daily dose for the i th constituent (mg/kg BW-day)

CSFi = cancer slope factor for the i th constituent (mg/kg BW-day)™
The CSF converts intake averaged over a lifetime of exposure to the incremental lifetime risk of an
individual developing cancer. This linear equation is only valid at low risk levels (i.e., below estimated
risks of one in 100) and is an upper-bound estimate based on the 95% UCL of the slope of the dose-
response curve. Therefore, the actual risk will be lower than the predicted risk. Potential risk was
assumed to be additive, and risks from different possible and probable carcinogens and pathways were
summed to evaluate the overall risk. Pathway-specific risks were calculated as the sum of risks from
potential carcinogenic COPCs within each exposure pathway, and the total ELCR for each receptor was

calculated by summing the risk estimates for the exposure pathways evaluated.

For inhalation of COPCs, the following equation from USEPA (2009a) RAGS Part F was used to assess
ELCRs:

ELCR=LAEC *IUR
Where:

ELCR = excess lifetime cancer risk (unitless)
LAEC = lifetime average exposure concentration (|Jg/m3)

IUR = inhalation unit risk (ug/m®)”
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Scientific notation was used to express potential carcinogenic risks. For example, a value of 1x10° is
equal to one in 1 million (or 0.000001). For individual constituents, the ADEC (2010a) compares risk
estimates to an acceptable cumulative ELCR of 1 x 10°. The acceptable cancer risk (or range of risks) is
the incremental risk attributed to the estimated upper-bound exposure (i.e., RME) to COPCs at the site.
This acceptable risk is, by definition, independent of risks associated with non-site-related constituent
exposures and other background cancer risks (USEPA 1989).) It is standard USEPA and ADEC practice,
however, to assess risks and hazards first with background constituents included and then discuss the
risks in the absence of the background impacts to inform the decision makers about the risks of site-
related constituents.

3.3.1.2 Noncarcinogenic Hazard
The HQ approach was used to characterize the overall potential for noncarcinogenic effects associated
with exposure to multiple constituents. This approach assumes that chronic and subchronic exposures to
multiple constituents are additive. For direct contact and inhalation of particulates exposures, the HQ was
calculated as follows:
HQ = ADD / RfD

Where:

HQ = hazard quotient (unitless)

ADD = average daily dose (mg/kg-day)

RfD = reference dose (mg/kg-day)”

For inhalation of volatile COPCs, the following equation from USEPA (2009a) RAGS Part F was used to
assess noncancer hazards:

HQ = AEC/RfC
Where:
HQ = hazard quotient (unitless)
AEC = average exposure concentration (micrograms per cubic centimeter [pg/cm3])

RfC = inhalation reference concentration (ug/cm®)”
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The HQ represents the comparison of exposure (dose) over a specified period of time to an RfD for a
similar time period. The estimates of exposure (dose) were calculated based on chronic or subchronic
exposures. If the HQ exceeds a value of 1, there is a possibility of adverse health effects. The magnitude
of the HQ is not a mathematical prediction of the severity or incidence of the effects, but rather indicates
that effects may occur. The likelihood of effects occurring at levels above an HQ=1 is based on the nature
of the effects used to set the RfD and the magnitude of the composite uncertainty factor used in the RfD
derivation. The constituent HQs were summed to calculate an HI for a pathway or site, and the USEPA
(1989) recommends that the total HI for the constituents and pathways assessed not exceed a value of 1.
An HI of less than 1 indicates that adverse health effects are not likely to occur from exposure to
assessed constituents. HQs or Hls of greater than 1 do not indicate that significant risks are present, but
rather that additional evaluation may be required to better define the level of risk.

According to the USEPA (1989), noncarcinogenic effects should be evaluated based on target organ(s) or
toxicity endpoints. The USEPA believes that the assumption of dose additivity is one of the major
limitations of the HI approach because it may overestimate the potential for health effects that most likely
will not occur if the COPCs affect different organs or act by different mechanisms of action. The USEPA
counters the potential for overestimation by specifying segregation of COPCs by effect and mechanism of
action, and derivation of separate Hls for each group (USEPA 1989). If the total HI exceeds a value of 1,
the specific substances will be evaluated so that only substances that affect similar target organs or
exhibit a similar mode of action (i.e., similar effects in the same target organs via the same mechanism)
are summed. Quantitative estimates of carcinogenic risk and noncarcinogenic hazard were presented for
each receptor.

3.3.1.3 Risk Characterization of Petroleum Hydrocarbon Compounds

In accordance with ADEC (2008b) Cumulative Risk Guidance, individual risks from exposure to GRO,
DRO and RRO were calculated using RfDs provided by ADEC (2010a). However, these risk calculations
were not included in cumulative risk estimates. Consistent with ADEC (2008b) Cumulative Risk Guidance,
cumulative risks for each receptor were estimated using indicator constituents, as discussed below.

In general, quantitative risk calculated from individual petroleum constituents is considered adequate to
account for risk in cumulative risk calculations from petroleum mixtures (ADEC 2008b). The key
constituents of petroleum products associated with risk (e.g., PAHs, BTEX, methyl tertiary butyl ether) are
included in the quantitative cumulative risk calculations and should adequately describe human health
risk from exposure to site media.

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc

46



Revised Draft Final Human

@ ARCADlS Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

3.3.2 Estimated Risks and Hazards for Provisional Peer Reviewed Toxicity Value Scenario

For each total estimated ELCR and HlI, the primary exposure pathway and contributing COPC(s) are
indicated, as appropriate. This section presents ELCRs and hazards for potential onsite receptors (Section
3.3.2.1) and potential offsite receptors (Section 3.3.2.2). For each potential receptor, ELCRs and/or Hls are
summarized based on possible exposure to maximum and/or 95% UCL-based EPC COPC concentrations.
Appendices D and E present complete risk calculations for ELCRs and Hls based on maximum and 95%
UCL COPC concentrations, respectively.

Summaries of the cumulative ELCRs and estimated Hls for the receptors evaluated under the PPRTV
Scenario are presented in the following tables:

e Tables 3-14 and 3-15 present the ELCR and HI summaries for on and offsite receptors using the
maximum detected on and offsite values and the 95% UCL on and offsite values, respectively.

e Tables 3-14, 3-16a and 3-17a present ELCR and HI summaries for potential on and offsite receptors
based on maximum COPC concentrations for all wells in each EU (including EU-1 because the
maximum for all offsite wells is located in this EU).

e Table 3-15 presents ELCR and HI summaries for potential on and offsite receptors at EU-1 based on
95% UCL EPCs.

e Table 3-16a presents ELCR and HI summaries for offsite receptors based on maximum COPC
concentrations at EU-2 wells.

e Table 3-17a presents ELCR and HI summaries for offsite receptors based on maximum COPC
concentrations at EU-3 wells.

The PPRTYV scenario risk assessments are presented in Appendix D (maximum concentrations) and
Appendix E (95% UCL EPCs). Appendix H provides toxicity profiles for the primary risk and hazard
drivers, including: arsenic, benzene, naphthalene, sulfolane, 1,3,5-trimethylbenzene and xylenes.

The total estimated ELCRs presented in Tables 3-14 through 3-17b include arsenic as a soil COPC
(arsenic was excluded as a COPC in groundwater). Based on an evaluation of arsenic in soil samples at
the site, the presence of arsenic is due to background concentrations. Detected concentrations of arsenic
in soil samples collected at the site are evaluated in the 2012 Revised Site Characterization Report (Barr
2012). This evaluation compared site arsenic concentrations to background studies collected in Alaska
and evaluated the spatial distribution of arsenic with respect to site operations and other COPCs. The
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results of the evaluation concluded that the presence of arsenic in soil does not appear to be associated
with refinery operations and is likely a result of background concentrations.

3.3.2.1 Estimated Risks and Hazards for Potential Onsite Receptors

Potential onsite receptors evaluated include current and future indoor and outdoor commercial workers,
construction/trench workers and adult visitors. The USEPA (2012b) chronic PPRTV oral RfD was used to
evaluate potential sulfolane exposures. The maximum onsite concentration of sulfolane in groundwater
detected above the laboratory reporting limit between 2009 and 2011 is 10.4 mg/L. Estimated risks and
hazards for the onsite receptors using maximum detected concentrations and 95% UCLs as EPCs are
summarized in Table 3-14 and Table 3-15, respectively.

3.3.2.1.1 Onsite Indoor Commercial/Industrial Workers

Table D-1 (Appendix D) presents the estimated ELCRs and Hls for indoor commercial/industrial workers,
based on exposures to maximum detected COPC concentrations in groundwater. Inhalation of VOCs in
indoor air from groundwater is the primary exposure pathway for these potential receptors (see Table 3-14).
The total estimated ELCR is 1 x 10° and the total estimated Hl is 0.2.

Table E-1 (Appendix E) presents the estimated ELCRs and Hls for indoor commercial/industrial workers,
based on exposures to 95% UCLs of detected COPC concentrations in groundwater. Inhalation of VOCs in
indoor air from groundwater is the primary exposure pathway for these potential receptors (see Table 3-15).
The total estimated ELCR is 1 x 10 and the total estimated Hl is 0.02.

3.3.2.1.2 Onsite Outdoor Commercial/Industrial Workers

Table D-2 (Appendix D) presents the estimated ELCRs and Hls for outdoor commercial/industrial workers,
assuming potential exposure to 95% UCLs of COPC concentrations in surface soil. Table D-2 also shows
estimated ELCRs and Hls based on direct-contact exposures, including ingestion of, dermal contact with
and inhalation of dust particles from surface soil. The total estimated ELCR is 5 x 10 and the total
estimated Hl is 0.05 (see Table 3-14). Soil ingestion contributes most to the total estimated ELCR and Hls.
Arsenic is the primary risk and hazard driver. Excluding the estimated arsenic ELCR and HI, which are likely
due to background, the total estimated ELCR is 2 x 107 and the total estimated Hl is 0.03 (see Table D-2).

3.3.2.1.3 Onsite Construction/Trench Workers
The USEPA (2012b) PPRTYV subchronic oral RfD for sulfolane was used to estimate potential construction/

trench worker hazards. Table 3-14 and Table D-3a (Appendix D) present the estimated ELCRs and Hls for
construction/trench workers based on potential exposures to maximum COPC concentrations in surface and

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc

48



_ Revised Draft Final Human
@ ARCADlS Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

subsurface soil, assuming direct-contact exposures including ingestion, dermal contact and inhalation of
dust particles. The total estimated ELCR associated with potential exposure to COPCs in soil is 1 x 10 and
the total estimated Hl is 0.3. The soil ingestion pathway contributes most to the total soil-related estimated
ELCR and HI. Excluding the estimated arsenic ELCR, which is likely based on background, the total
estimated ELCR is 3 x 107 and the total estimated Hl is 0.3.

Table 3-14 and Table D-3b (Appendix D) present ELCRs and Hls based on incidental ingestion of and
dermal contact with groundwater in an onsite excavation trench, and inhalation of VOCs within trench air
from groundwater based on maximum COPC concentrations in groundwater. The total estimated ELCR is 3
x 10™ and the total estimated HlI is 49. Inhalation of VOCs in the trench air is the exposure pathway that
contributes most to the cumulative ELCR and Hls. Benzene, naphthalene and ethylbenzene (as estimated
in trench air from groundwater) are the primary risk drivers for the total ELCR. Benzene, naphthalene,
xylenes and 1,3,5-trimethylbenzene are the risk drivers for the HI.

Table 3-15 and Table E-3a (Appendix E) present the estimated ELCRs and Hls for construction/trench
workers based on 95% UCL COPC concentrations and direct-contact exposures including ingestion of,
dermal contact with and inhalation of dust particles in surface and subsurface soil. The total soil-related
estimated ELCR is 3 x 107 and the total soil-related estimated Hl is 0.06. Soil ingestion contributes most to
the total estimated ELCR and Hls. Excluding the estimated arsenic ELCR and HI, which are likely based on
background, the total estimated ELCR is 2 x 10® and the total estimated Hl is 0.05.

Table 3-15 and Table E-3b (Appendix E) present ELCRs and Hls based on incidental ingestion of and
dermal contact with groundwater in an onsite excavation trench and inhalation of VOCs within trench air
from groundwater based on 95% UCL COPC concentrations. The total estimated ELCR is 3 x 10” and the
total estimated HI is 9. Inhalation of VOCs in the trench air contributes most to ELCR and Hls. Benzene is
the primary risk driver for ELCRs and benzene and naphthalene are the primary risk drivers for Hls.

3.3.2.1.4 Onsite Adult Visitors

Table 3-14 and Table D-4 (Appendix D) present the estimated ELCRs and Hls for adult visitors based on
maximum COPC concentrations in onsite groundwater. Inhalation of VOCs in indoor air from groundwater is
the primary exposure pathway for these potential receptors. The total estimated ELCR is 2 x 107 and the
total estimated HI is 0.002.

Table 3-15 and Table E-4 (Appendix E) present the estimated ELCRs and Hls for adult visitors based on
95% UCL COPC concentrations in onsite groundwater. Inhalation of VOCs in indoor air from groundwater is
the primary exposure pathway for these potential receptors. The total estimated ELCR is 1 x 10® and the
total estimated HI is 0.0004.
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3.3.2.2 Estimated Risks and Hazards for Potential Offsite Receptors

Potential offsite receptors evaluated include current and future residents; adults (chronic exposures),
children (chronic exposures) and infants (subchronic exposures); indoor and outdoor commercial workers
(chronic exposures); and construction/trench workers (subchronic exposures). The estimated risks and
hazards for offsite receptors using maximum detected concentrations and 95% UCLs as EPCs are
summarized in Table 3-14 and Table 3-15 , respectively.

3.3.2.2.1 Offsite Adult, Child and Infant Residents

Table 3-14 and Tables D-5a and D-6a (Appendix D) present the estimated ELCRs and Hls for offsite adult
and child residents, assuming potential exposure to 95% UCL COPC concentrations in ambient air from
onsite surface soil (based on 95% UCL concentrations) using the USEPA (2012b) chronic PPRTV oral RfD
for sulfolane. The total estimated ELCRs for adult and child residents are 4 x 10® and 9 x 10, respectively,
and the total estimated Hls are both 0.001. Excluding arsenic in soil and the estimated arsenic ELCRs and
His, which is likely due to background, the total estimated ELCRs for adult and child residents are 4 x 107
and 8 x 107, respectively, and the total estimated Hls are both 0.0009 (see Table D-5a [Appendix D] for
adult resident and Table D-6a for child resident). Table D-7a presents the estimated ELCR and HlI for offsite
infant residents, assuming potential exposure to 95% UCL COPC concentrations in ambient air from onsite
surface soil using the USEPA (2012b) subchronic PPRTV oral RfD for sulfolane. The total estimated ELCR
for infant residents is 1 x 10 and the total estimated Hl is 0.0007. Excluding the estimated arsenic ELCR
and HI, which is likely due to background, the total estimated ELCR for infant residents is 1 x 10 and the
total estimated HI is 0.0005.

Table 3-14 and Tables D-5b, D-6b and D-7b (Appendix D) show Hls based on ingestion of the maximum
detected concentration of sulfolane in groundwater (i.e., tapwater), applied across the entire offsite area
(which also includes EU-1 because the maximum value occurs in this EU), for adults (chronic exposures;
Table D-5b), children (chronic exposures; Table D-6b) and infants (subchronic exposures; Table D-7b),
respectively. Tables D-5¢, D-6¢ and D-7c¢ present the HIs associated with ingestion of homegrown produce
irrigated with sulfolane-impacted groundwater (maximum detected concentration) for adults (chronic
exposures; Table D-5c¢), children (chronic exposures; Table D-6¢) and infants (subchronic exposures; Table
D-7c¢), respectively. Tables D-11 and D-12 present the Hls associated with ingestion of surface water
(maximum detected concentration) for adults (chronic exposures; Table D-11) and children (chronic
exposures; Table D-12).

As shown in Table 3-14 and Tables D-5b, D-6b and D-7b (Appendix D), using the PPRTV oral RfDs for
sulfolane and the maximum concentration detected in offsite groundwater, the total estimated Hls
associated with ingestion of groundwater are 12 for adult residents (chronic exposure; Table D-5b), 28 for
child residents (chronic exposure; Table D-6b) and 7 for infant residents (subchronic exposure; Table D-7b),
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respectively, based on ingestion of tapwater. Table 3-14 and Tables D-5c, D-6¢ and D-7c present the total
estimated Hls associated with ingestion of homegrown produce, including an HI of 0.8 for adult residents
(chronic exposure; Table D-5c¢), 2 for child residents (chronic exposure; Table D-6¢) and 0.3 for infant
residents (subchronic exposure; Table D-7c¢), respectively. These Hls are based on ingestion of
homegrown produce using the USEPA (2012b) PPRTYV oral RfDs for sulfolane, along with the maximum
detected offsite sulfolane concentration, a BCF of 1.0 and the 95" percentile per capita produce ingestion
rates. These exposure assumptions were used in all of the produce ingestion scenarios presented in this
paragraph. As shown in Table 3-14 and Tables D-11 and D-12 (Appendix D), using the PPRTV oral RfDs
for sulfolane and the maximum concentration EPC, the total estimated HIs associated with ingestion of
surface-water are 0.03 for adult residents (chronic exposure; Table D-11) and 0.2 for child residents (chronic
exposure; Table D-12). The surface-water Hls for this receptor group are the same for each EU (Table 3-15,
Table 3-16a and Table 3-17a).

Table 3-14 presents the cumulative Hls for this receptor group for all exposure pathways combined based
on maximum EPCs which are 13 for adult residents, 31 for child residents (chronic exposure), and 7 for
infant residents (subchronic exposure). Table 3-14 also presents the cumulative ELCRs for this receptor
group for all exposure pathways combined based on maximum EPCs which are 4 x 10™® for adult residents,
9 x 10 for child residents (chronic exposure), and 1x 10” for infant residents (subchronic exposure).

Table 3-15 and Tables E-5a, E-6a and E-7a (Appendix E) present the estimated ELCRs and Hls for adults,
children (chronic) and infant (subchronic) residents, respectively, based on inhalation of fugitive windborne
dust or vapors from onsite COPCs in surface soil, assuming 95% UCL COPC concentrations. As shown in
Table E-5a the total estimated ELCR is 4 x 10 and the total estimated HI is 0.001 for adult residents
(chronic exposure; Table E-5a). For a child resident (chronic exposure), the total estimated ELCR is 9 x 10
and the total estimated Hl is 0.001 (Table E-6a). The total estimated ELCR is 1 x 10 and the total
estimated Hl is 0.0007 for the infant resident (subchronic exposure; Table E-7a).

Assuming the 95% UCL concentration for sulfolane in EU-1, Table 3-15 and Tables E-5b, E-6b and E-7b in
Appendix E) show estimated HIs based on ingestion of 95% UCL sulfolane concentrations in groundwater
(i.e., tapwater) at EU-1 by resident receptors. Using the USEPA (2012b) PPRTV oral RfDs for sulfolane, the
estimated Hls associated with ingestion of water are 5 for the adult resident (chronic exposure; Table E-5b),
11 for child resident (chronic exposure; Table E-6b) and 3 for infant resident (subchronic exposure; Table E-
7b). Tables E-5c, E-6¢ and E-7c present the total estimated Hls associated with consumption of homegrown
produce irrigated with water containing sulfolane in EU-1. The Hls are 0.3 for adult residents (chronic
exposure), 0.9 for child residents (chronic exposure) and 0.1 for an infant resident (subchronic exposure),
using the USEPA (2012b) PPRTV oral RfDs for sulfolane, along with a BCF of 1.0, and the 95" percentile
per capita produce ingestion rates.
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Table 3-16a and Tables D-13a, D-13b, D-14a, D-14b, D-15a and D-15b (Appendix D) present Hls based on
ingestion of the maximum sulfolane concentration in groundwater (i.e., tapwater) within EU-2 for resident
receptors. Using the USEPA (2012b) PPRTV oral RfDs for sulfolane, the total estimated Hls associated with
ingesting tapwater containing maximum sulfolane concentrations in EU-2 are 4 for an adult resident (chronic
exposure; Table D-13a), 9 for a child resident (chronic exposure; Table D-14a) and 2 for an infant resident
(subchronic exposure; Table D-15a). In addition, Table 3-16a presents Hls associated with consumption of
homegrown produce irrigated with groundwater containing the maximum sulfolane concentrations at EU-
2. The estimated Hls for consumption of homegrown produce irrigated with water from EU-2 are 0.3 for an
adult resident (chronic exposure; Table D-13b), 0.8 for a child resident (chronic exposure; Table D-14b) and
0.1 for an infant resident (subchronic exposure; Table D-15b), using the USEPA (2012b) PPRTYV oral RfDs
for sulfolane, along with a BCF of 1.0, and the 95" percentile per capita produce ingestion rates.

Table 3-16b and Tables E-11a, E-12a and E-13a (Appendix E) present HIs based on ingestion of the 95%
UCL sulfolane concentration in groundwater (i.e., tapwater) within EU-2 for resident receptors. Using the
USEPA (2012b) PPRTV oral RfDs for sulfolane, the total estimated HIs associated with ingesting tapwater
containing sulfolane in EU-2 are 2 for an adult resident (chronic exposure; Table E-11a), 4 for a child
resident (chronic exposure; Table E-12a) and 0.9 for an infant resident (subchronic exposure; Table E-13a).
In addition, Table 3-16b and Tables E-11b, E-12b and E-13b (Appendix E) present HIs associated with
consumption of homegrown produce irrigated with sulfolane-impacted groundwater at EU-2. The total
estimated Hls for consumption of homegrown produce irrigated with water from EU-2 are 0.1 for an adult
resident (chronic exposure; Table E-11b), 0.3 for a child resident (chronic exposure; Table E-12b) and 0.04
for an infant resident (subchronic exposure; Table E-13b) respectively, using the USEPA (2012b) PPRTV
oral RfDs for sulfolane, along with a BCF of 1.0, and the 95" percentile per capita produce ingestion rates.

Table 3-17a and Tables D-19a, D-20a and D-21a (Appendix D) show the estimated HIs based on ingestion
of the maximum sulfolane concentration in groundwater (i.e., tapwater) within EU-3 by resident receptors.
Using the USEPA (2012b) PPRTYV oral RfDs for sulfolane, the estimated HIs associated with ingestion of
tapwater are 2 for an adult resident (chronic exposure; Table D-19a), 5 for a child resident (chronic
exposure; Table D-20a) and 1 for an infant resident (subchronic exposure; Table D-21a). In addition to a
drinking water scenario, Table 3-17a and Tables D-19b, D-20b and D-21b (Appendix D) present the Hls
associated with consumption of homegrown produce irrigated with the maximum detected sulfolane
concentration in groundwater in EU-3. The estimated Hls for consumption of homegrown produce are 0.1
for an adult resident (chronic exposure; Table D-19b), 0.4 for a child resident (chronic exposure; Table D-
20b) and 0.06 for an infant resident (subchronic exposure; Table D-21b), using the USEPA (2012b) PPRTV
oral RfDs for sulfolane, along with a BCF of 1.0, and the 95" percentile per capita produce ingestion rates.

Table 3-17b and Tables E-17a, E-18a and E-19a (Appendix E) show the estimated HIs based on ingestion

of the 95% UCL sulfolane concentration in groundwater (i.e., tapwater) within EU-3 by resident receptors.
Using the USEPA (2012b) PPRTYV oral RfDs for sulfolane, the estimated HIs associated with ingestion of
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tapwater are 0.3 for an adult resident (chronic exposure; Table E-17a), 0.7 for a child resident (chronic
exposure; Table E-18a) and 0.2 for an infant resident (subchronic exposure; Table E-19a). In addition to a
drinking water scenario, Table 3-17b and Tables E-17b, E-18b and E-19b (Appendix E) present the His
associated with ingestion consumption of homegrown produce irrigated with sulfolane-impacted
groundwater in EU-3. The estimated Hls for consumption of homegrown produce are 0.02 for an adult
resident (Table E-17b), 0.05 for a child resident (chronic exposure; Table E-18b) and 0.007 for an infant
resident (subchronic exposure; Table E-19b), using the USEPA (2012b) PPRTYV oral RfDs for sulfolane,
along with a BCF of 1.0, and the 95" percentile per capita produce ingestion rates.

3.3.2.2.2 Offsite Indoor Commercial Workers

Table 3-14 and Table D-8 (Appendix D) show the HI based on ingestion of groundwater (i.e., tapwater),
assuming the maximum offsite sulfolane concentration and the USEPA (2012b) PPRTV oral RfD for
sulfolane. The total estimated HI is 9 for offsite indoor commercial/industrial workers (chronic exposure)
based solely on ingestion of tapwater containing sulfolane (see Table D-8 [Appendix D]).

Table 3-15 and Table E-8 (Appendix E) show the HI based on ingestion of groundwater (i.e., tapwater),
assuming the 95% UCL offsite sulfolane concentration for EU-1 and the USEPA (2012b) PPRTV oral RfD
for sulfolane. The total estimated Hl is 3 for offsite indoor commercial/industrial workers (chronic exposure)
based solely on ingestion of tapwater containing sulfolane (see Table E-8 [Appendix E]).

At EU-2, two sulfolane groundwater EPCs were used to estimate potential hazards associated with
ingestion of groundwater by offsite indoor commercial/industrial workers (chronic exposure). Using the
maximum detected offsite sulfolane concentration at EU-2, the estimated Hl is 3 (Table 3-16a).
Comparatively, the HI based on the 95% UCL sulfolane concentration at EU-2 is 1. Both HIs were derived
using the USEPA (2012b) PPRTV oral RfD for sulfolane (see Table D-16 [Appendix D] for maximum EPC
and Table E-14 [Appendix E] for 95%UCL). Similarly, two sulfolane groundwater EPCs were used to
estimate potential hazards associated with ingestion by offsite indoor commercial/industrial workers (chronic
exposure) at EU-3. Table 3-17a shows the HI based on ingestion of groundwater (i.e., tapwater), assuming
the maximum offsite sulfolane concentration at EU-3 and Table 3-17b shows the corresponding HI based
the 95% UCL offsite sulfolane concentration at EU-3. Both HIs were derived using the USEPA (2012b)
PPRTYV oral RfD for sulfolane. Using the maximum detected sulfolane concentration at EU-3, the estimated
Hl is 2; the estimated HI is 0.2 for offsite indoor commercial/industrial workers (chronic exposure) based on
the 95% UCL groundwater concentration at EU-3 (see Table D-22 [Appendix D] and Table E-20 [Appendix
E], respectively).

3.3.2.2.3 Offsite Outdoor Commercial Workers
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Table 3-14 presents the estimated ELCRs and Hils for offsite outdoor commercial workers potentially
exposed via inhalation of dust particles from onsite surface soil (0 to 2 feet bgs), using 95% UCL COPC
concentrations in onsite surface soil. The total estimated ELCR is 2 x 10 and the total estimated Hl is
0.0006 (see Table D-9a [Appendix D]). Excluding the estimated arsenic concentrations in surface soil and
HI, which are likely attributable to background, the total estimated ELCR is 2 x 10® and the total estimated
Hl is 0.0006 (Table D-9a). Table 3-14 also shows the HI for this receptor assuming ingestion of groundwater
(i.e., tapwater) and assuming the maximum offsite sulfolane concentration. The estimated Hl is 9 for offsite
outdoor commercial/industrial workers, based on ingestion of tapwater (see Table D-9b [Appendix D]).

Table E-9a [Appendix E] shows ELCRs and Hls based on inhalation of fugitive windborne dust and vapors
from onsite COPCs in surface soil, based on 95% UCL COPC concentrations and the USEPA (2012b)
PPRTV oral RfD for sulfolane. It was assumed that the offsite outdoor commercial worker (chronic
exposure) is located at the site boundary; therefore, the estimated ELCRs and Hls calculated for onsite
commercial workers represent a health-protective estimate for an offsite commercial worker, based on
inhalation of dust and vapors from the site. As shown in Table E-9a [Appendix E], the total estimated ELCR
is 2 x 10® and the total estimated HI is 0.0006, based on inhalation of dust and vapors in ambient air (see
Table E-9a [Appendix E]).

Assuming the 95% UCL and USEPA (2012b) PPRTV oral RfD for sulfolane in EU-1, the total estimated HI
is 3 for offsite outdoor commercial/industrial workers (chronic exposure), based on ingestion of groundwater
(see Table 3-15 and Table E-9b [Appendix E]).

At EU-2, two sulfolane groundwater EPCs were used to estimate potential hazards associated with
ingestion of groundwater: the maximum detected concentration of sulfolane and the 95% UCL of the mean
sulfolane concentrations. Using the maximum detected concentration in groundwater at EU-2, the estimated
Hl is 3 for offsite outdoor commercial/industrial workers (chronic exposure) based on ingestion of
groundwater (see Table 3-16a and Table D-17 [Appendix D]). Using the 95% UCL sulfolane concentration,
the total estimated Hl is 1 for offsite outdoor commercial/industrial workers at EU-2, based on ingestion of
tapwater (chronic exposure; see Table 3-16b and Table E-15 [Appendix E]). Both hazard estimates used
the USEPA (2012b) PPRTYV oral RfD for sulfolane.

Similarly, at EU-3, the 95% UCL and maximum sulfolane groundwater concentrations were both evaluated
as distinct EPCs to estimate potential hazards associated with ingestion of groundwater by offsite
commercial/industrial workers. Using the maximum sulfolane concentration at EU-3, the estimated Hl is 2
(Table 3-17a and Table D-23 [Appendix D]). Using the 95% UCL sulfolane concentration, the estimated HI
is 0.2 for offsite outdoor commercial/industrial workers at EU-3 (see Table 3-17b and Table E-21 [Appendix
E]). Both hazard estimates are used the USEPA (2012b) PPRTYV oral RfD for sulfolane.

3.3.2.2.4 Offsite Construction/Trench Workers
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The estimated Hls for an offsite construction worker who is potentially exposed to maximum sulfolane
concentrations by incidental ingestion of sulfolane in offsite groundwater in excavation trenches is 0.0008
(see Table 3-14 and Table D-10 [Appendix D]). This exposure is subchronic and the Hl is derived
assuming the maximum offsite sulfolane concentration and using the USEPA (2012b) PPRTV subchronic
oral RfD for sulfolane. As discussed in Section 3.1.1.4, sulfolane is not considered to pose adverse health
effects due to inhalation and dermal contact exposures. The total estimated Hl is 0.0008 for offsite
construction workers, based on incidental ingestion of groundwater while working in trenches.

Tables 3-15, 3-16b and 3-17b show the His for potential exposures by the construction worker (subchronic
exposure) based on 95% UCL sulfolane concentrations for incidental ingestion of sulfolane in offsite
groundwater in excavation trenches in EU-1, EU-2 and EU-3, respectively. The estimated Hls for offsite
construction workers, which are based on the USEPA (2012b) PPRTV subchronic oral RfD for potential
groundwater ingestion exposures of groundwater while working in trenches, and 95%UCL sulfolane
concentrations, are 0.0003, 0.0001 and 0.00002 in EU-1, EU-2 and EU-3, respectively (see Tables E-10, E-
16 and E-22 [Appendix E] for the hazard calculations for this receptor in EU-1, EU-2 and EU-3,
respectively). Tables 3-16a and 3-17a show the corresponding Hls for this receptor group based on the
maximum sulfolane groundwater concentrations at EU-2 and EU-3, respectively. The estimated Hls for
offsite construction workers exposed to maximum groundwater concentrations at EU-2 and EU-3 are
0.0003 and 0.0001, respectively (see Tables D-18 and D-24 [Appendix D]).

3.3.2.2.5 Offsite Adult and Child Recreational Users

Table 3-14 and Tables D-11 and D-12 (Appendix D) show the estimated Hils for offsite adult and child (aged
1 to 6years) recreational users (i.e., swimmer who may be exposed by incidental, ingestion of sulfolane in
surface water), assuming the maximum offsite sulfolane concentration in pore water and the USEPA
(2012b) PPRTYV chronic oral RfD for sulfolane. The total estimated Hls are 0.03 and 0.2 for offsite adult
(chronic exposure) and child recreational users (chronic exposure), respectively.

3.3.3 Conclusions for Provisional Peer Reviewed Toxicity Value Scenario

Results of this Revised Draft Final HHRA indicate that the estimated ELCRs and Hls, based on maximum
onsite COPC concentrations, are at or below the ADEC- established acceptable ELCR of 1 x 10° for
current and future onsite indoor and outdoor commercial/industrial workers and adult site visitors, and below
the target HI of 1 for the PPRTV Scenario. The estimated ELCRs and Hls for current and future onsite
construction workers exceed the acceptable ELCR of 1 x 10® and target HI of 1 based on maximum COPC
concentrations; however, estimated ELCRs are below the acceptable ELCR based on 95% UCL COPC
concentrations.
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Table 3-14 presents the estimated ELCRs and Hls using maximum COPC concentrations in onsite
subsurface soil, maximum onsite COPC surface soil and groundwater concentrations, the single maximum
offsite groundwater concentration of sulfolane, and the USEPA (2012b) PPRTYV oral RfDs for sulfolane. The
estimated Hls are below the target HI of 1 for the onsite commercial/industrial worker, onsite
commercial/industrial outdoor worker, onsite visitor and offsite child recreator. The estimated HIs exceed the
target HI of 1 for onsite construction/trench workers, offsite residents, and offsite indoor and outdoor
commercial workers. The Hl is equal to 49 for onsite construction workers based on inhalation of volatile
COPC:s in trench air from groundwater. Benzene, naphthalene, xylenes and 1,3,5-trimethyl benzene are the
hazard drivers. For offsite adult, child and infant resident receptors, the Hls are equal to 13, 31, and 7,
respectively.

Similarly, the estimated total ELCRs for the potential onsite visitor (Table 3-14) are below the ADEC
acceptable ELCR of 1 x 10”°. The estimated total ELCRs for the onsite indoor and outdoor commercial
workers and onsite construction/trench workers do not exceed the ADEC acceptable ELCR. The total
estimated ELCRs are equal to 1 x 10" and 5 x 10°® for onsite indoor and outdoor commercial workers,
respectively. The estimated ELCR for the indoor commercial worker is based on inhalation of volatile
COPCs in indoor air. For the outdoor commercial worker, the estimated total ELCR is based on soil
ingestion including arsenic, which is likely present due to background concentrations. For onsite
construction/trench workers, the total estimated ELCR is equal to 3 x 10 for onsite construction/trench
workers, which is based primarily on inhalation of volatile COPCs in trench air from groundwater, with
benzene, naphthalene and ethylbenzene as the primary risk drivers.

Table 3-15 presents the estimated ELCRs and Hls using 95% UCL COPC concentrations in onsite soil and
in EU-1, and the USEPA (2012b) PPRTYV oral RfDs for sulfolane. Using the 95% UCL onsite COPC soil
concentrations, the 95% UCL onsite and EU-1 offsite sulfolane groundwater concentrations, and the
USEPA (2012b) PPRTYV oral RfDs for sulfolane, the estimated Hls for the receptors evaluated are below the
target HI of 1, with the exception of onsite construction/trench workers, offsite residents, and offsite indoor
and outdoor commercial workers. The HI is equal to 9 for onsite construction workers based on inhalation of
volatile COPCs in trench air from groundwater. Naphthalene and benzene are the hazard drivers. For offsite
residents, the estimated total Hls are equal to 5, 12 and 3 for offsite adult, child and infant residents,
respectively, with ingestion of sulfolane in tap water the primary hazard driving exposure pathway. For both
the offsite indoor commercial worker and the offsite outdoor commercial worker, the estimated Hl is 3,
based on ingestion of sulfolane in groundwater.

Similarly, the estimated total ELCRs for the potential receptors evaluated at EU-1 are at or below the ADEC
acceptable ELCR of 1 x 10, with the exception of onsite commercial/ industrial outdoor workers and onsite
construction/trench workers (Table 3-15). For the onsite commercial/ industrial outdoor worker, the total
estimated ELCR is equal to 5 x 10®. The total estimated ELCR is equal to 3 x 10” for onsite
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construction/trench workers, which is based on inhalation of volatile COPCs in trench air from groundwater
with benzene as the risk driver.

Table 3-16a presents the estimated ELCRs and Hls using the maximum COPC sulfolane concentrations in
EU-2. Under the PPRTYV Scenario using maximum COPC concentrations in EU-2, the HI for offsite
construction workers is below the target HI of 1. The estimated HIs exceed the target HI of 1 for offsite adult,
child (chronic exposure) and infant residents (subchronic exposure); and offsite indoor and outdoor
commercial workers. Ingestion of sulfolane in groundwater is the primary exposure pathway. Using the
maximum sulfolane concentration in EU-2, the HI for offsite construction workers is below the target HI of 1.

As shown in Table 3-16b, using the 95% UCL COPC sulfolane concentrations in EU-2, the estimated Hls
are either below or equal to the target HI of 1 for offsite infant resident, offsite indoor and outdoor
commercial/ industrial worker receptors, and offsite construction workers. The Hls exceed the target HI of 1
for offsite resident adult and child (chronic) receptors, with ingestion of tapwater containing sulfolane as the
primary hazard driver.

Table 3-17a presents the estimated ELCRs and Hls using the maximum sulfolane concentrations in EU-3.
Under the PPRTV Scenario, His exceed the target HI of 1 for offsite adult and child (chronic) residents and
for indoor and outdoor commercial/industrial workers. Ingestion of groundwater is the primary exposure
pathway. The HI for offsite construction workers is below the target HI of 1.

As shown in Table 3-17b, using the 95% UCL sulfolane concentrations in EU-3, the estimated Hls are below
the target HI of 1 for each of the potential offsite receptors.

3.4 Evaluation of Potential Exposures to Lead in Onsite Groundwater

The USEPA'’s (2009b) ALM was used to evaluate current and future onsite outdoor commercial/industrial
workers and construction/trench workers potentially exposed to lead in onsite groundwater. The maximum
concentration of lead detected above the laboratory reporting limit in onsite groundwater is 2.05 ug/L. The
USEPA's threshold lead concentration of 10 pg/dL of whole blood is based on potentially adverse
neurological effects in children (CDC 2011). The 95" percentile blood lead concentration (PbB) among
fetuses of onsite adult workers, assuming potential exposure to the maximum detected concentration in
onsite groundwater, was calculated using the ALM (USEPA 2009b). Using the groundwater ingestion
rates and exposure frequencies for current and future onsite outdoor commercial/industrial workers and
construction/trench workers presented in Table 3-12, the calculated probabilities that fetal PbBs are
greater than10 pg/dL are 0.005 and 0.002%, respectively. Thus, potential exposures to lead in
groundwater at the site are below the regulatory level of concern and are not expected to pose adverse
health effects to current and future onsite outdoor commercial/industrial workers and construction/trench
workers. The Calculations of Blood Lead Concentrations spreadsheet is provided in Appendix .
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Based on the results of the ALM (USEPA 2009b), the maximum detected concentration of lead in onsite
groundwater is not expected to pose adverse health effects to current and future onsite outdoor
commercial/industrial workers or construction/trench workers.

3.5 Uncertainty Assessment — PPRTV Scenario

Each exposure parameter value and toxicity value incorporated into the HHRA is associated with some
degree of uncertainty; these uncertainties may contribute to an overestimation or underestimation of risks
at the site (ADEC 2011c). Therefore, key uncertainties associated with each HHRA component (i.e., data
evaluation, COPC selection, toxicity assessment, exposure assessment and risk/hazard characterization)
were evaluated.

3.5.1 Data Evaluation

Soil and onsite groundwater samples were analyzed for a large suite of constituents from multiple samples
collected throughout the site over time. These samples were analyzed using accepted analytical
methodologies. It is unlikely that constituents were overlooked or underestimated by the analytical methods
employed. The laboratory method used for soil sulfolane analyses in 2010 and 2011 was not final at the
time, but the analytical results have been validated with an approved method.

The release-related constituents detected in soil (e.g., BTEX) were measured in more than 250 soil
samples, of which 88 were surface soil samples. The large data set provides high confidence in the 95%
UCL on the mean concentrations and in the representativeness of the use of this statistic for EPCs.

A large number of samples of key constituents detected at the site are available for use in the data
evaluation. For example, for sulfolane in offsite groundwater, more than 429 samples were grouped by
concentration ranges with each range having a high number of samples to represent that zone (i.e., 105
samples in the greater than 100 ug/L EU, 72 samples in the greater than 25 pg/L EU and 252 samples in the
EU with detections up to 25 ug/L). The number of samples increases the representativeness of the EPCs
based on these groupings of data and it is unlikely that the EPC based on the 95% UCL on the mean
concentration underestimates potential exposures to sulfolane given the number of samples. The maximum
detected concentration of sulfolane (443 ug/L) is 1.4 times higher than the next highest detection of
sulfolane in offsite wells and 3 times greater than the 95% UCL on the mean concentration for the greater
than 100 pg/L EU.

Data for onsite wells with multiple sampling rounds were averaged together and these temporal average well
concentrations were grouped to calculate 95% UCL concentrations on the mean. Each temporal average
concentration represents multiple sampling events and provides a reliable measure of constituent
concentrations in that well. Grouping the data by well to estimate EPCs reduced the number of samples
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upon which the statistical analysis could be based. Where too few wells were available to reliably estimate
95% UCL values, the highest temporal well average was used to represent the EPC, which is an
overestimate of potential exposure.

3.5.2 Constituent of Potential Concern Selection

COPCs were selected from a list of COls known or suspected to have been used at the site. The
approaches used to characterize the site were intended to identify the COPCs in environmental media
associated with current and historical site operations. Sampling events were sequentially conducted based
on the knowledge obtained from past sampling events. It is likely that these events identified the majority of
areas with residual COPCs. While it is possible that some substances may have been omitted, the
probability of those substances being important in driving risk is expected to be low. The suite of analyses
that was selected represents those constituents that would most likely result from site operations and are
therefore the most relevant and appropriate constituents for estimating risks and hazards. Note that
analyses of isopropanol and propylene glycol were inadvertently missed during recent groundwater
sampling events. Although the potential presence of these constituents is not expected to change the
outcome of the risk evaluation, these COPCs will be evaluated once data have been collected.

3.5.3 Toxicity Assessment

Dose-response values are sometimes based on limited toxicological data. For this reason, a margin of
safety is built into estimates of both carcinogenic and noncarcinogenic risk, and actual risks are lower than
those estimated. The two major areas of uncertainty introduced in the dose-response assessment are: (1)
animal to human extrapolation and (2) high to low dose extrapolation. These are discussed below.

Human dose-response values are often extrapolated, or estimated, using the results of animal studies.
Extrapolation from animals to humans introduces a great deal of uncertainty in the risk assessment because
in most instances, it is not known how differently a human may react to the constituent compared to the
animal species used to test the constituent. The procedures used to extrapolate from animals to humans
involve conservative assumptions and incorporate several uncertainty factors that overestimate the potential
adverse effects associated with a specific dose. As a result, overestimation of the potential for adverse
effects to humans is more likely than underestimation.

Predicting potential health effects from exposure to media containing COPCs requires the use of models to
extrapolate the observed health effects from the high doses used in laboratory studies to the anticipated
human health effects from low doses experienced in the environment. The models contain conservative
assumptions to account for the large degree of uncertainty associated with this extrapolation (especially for
potential carcinogenic effects) and therefore, tend to be more likely to overestimate than underestimate
potential risks.
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Oral RfDs for sulfolane have been derived using different approaches and laboratory studies. For the
PPRTYV Scenario, the USEPA (2012b) PPRTYV chronic oral RfD of 0.001 mg/kg-day and PPRTV subchronic
oral RfD of 0.01 mg/kg-day were used to derive Hls. In the ARCADIS Comparative Scenario, alternate
chronic and subchronic RfDs of 0.01 mg/kg-day and 0.1 mg/kg-day that were derived by ARCADIS from
scientific literature were used to derive Hls. As expected, with the alternate sulfolane oral RfD values, the
Hls decrease. The reasoning for the ARCADIS derivation is provided in Section 4 and Appendices H and K.

3.5.4 Exposure Assessment

According to USEPA (2001) guidance, screening-level estimates of exposure and risk calculations use
assumptions that maximize the estimate of risk to ensure that only those constituents that represent a de
minimis risk are eliminated from further consideration, and those that potentially pose an unacceptable risk
will be retained for consideration in subsequent steps of the risk assessment process. As requested by the
ADEC, maximum concentrations of COPCs were used as EPCs in the risk calculations for the potential
receptors evaluated for the PPRTV Scenario. More often, a conservative estimate of average concentrations
of constituents is used to represent EPCs (USEPA 1989, 2002c, 2006b, 2007). Potential receptors are more
likely to be exposed to a range of these concentrations represented by the average or 95% UCL
concentration.

Concentrations of VOCs in indoor air of current and future onsite commercial/industrial structures were
estimated using concentrations of VOCs in groundwater at the site. Due to the uncertainties associated
with partitioning from soil to soil gas, ITRC (2007b) does not recommend using soil data as a source of
COPCs to evaluate potential vapor intrusion. Thus, use of soil data to evaluate potential soil vapor
concerns is inappropriate. USEPA (2002a) and ITRC (2007a) recommendations concluded that there is
insufficient scientific support for this procedure. ITRC (2007a) notes “Scientific studies have failed to show
good correlation between soil and soil gas sampling and analysis on a consistent basis.” They conclude by
recommending that soil data should be used only as a secondary line of evidence and not as a primary line.
Overall, the scientific evidence indicates that use of soil data is not a reliable approach for identifying
potential vapor intrusion concerns.

Dermal contact with COPCs in groundwater by current and future onsite outdoor commercial/industrial
workers was considered an insignificant exposure pathway. Onsite use of groundwater beneath the site is
limited to infrequent fire extinguishing. Fires at the site are very rare and the period of exposure would likely
be relatively very short. Thus, exclusion of this potential exposure pathway would not significantly impact
ELCR and HI estimates for these possible onsite receptors.

For the offsite CSM, it was assumed that groundwater may be connected with surface water, and pore-

water data were collected to evaluate potentially complete exposure pathways for surface water. Pore-
water piezometer installation methods needed to be revised for two of the three offsite locations because the
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surface-water body was frozen and pore-water samples could not be collected. However, the groundwater
samples collected were able to be evaluated for human health risk. Because sulfolane degrades more
rapidly in the presence of nutrients and oxygen that would be present in the surface water (ADHSS 2010),
and given the limited groundwater-surface water interchange due to a frozen surface-water body, the
groundwater collected adjacent to two of the three surface-water bodies in 2012 likely overestimates the
surface water concentrations at those locations. Thus, the data used for the swimming scenario
overestimate human health risk.

Ingestion of offsite groundwater by current and future offsite residents was the primary exposure pathway for
these potential receptors and resulted in the relatively highest Hls, including for infants (0 to 1 year). The
ingestion rate used for this age group slightly exceeded that used for children (0 to 6 years). It was also
assumed that infants do not breastfeed and that their formula was made with tapwater instead of
pediatrician-recommended distilled water. Thus, it is highly likely that HI estimates for this receptor were
overestimated.

Only potential ingestion exposures were quantitatively assessed for sulfolane. This analysis suggests that
dermal contact and inhalation exposure routes are not significant for sulfolane, which is supported by
ATSDR (2010 and 2011) Health Consultations and animal studies (Brown et al. 1966, Andersen et al.
1977). Although these exposure routes were excluded, inclusion of them would likely not contribute
significantly to overall hazard estimates. As described in Section 3.1.1.4, dermal contact and inhalation
exposure routes are not significant for sulfolane. These assumptions are based on animal studies that
have shown that sulfolane is not readily absorbed through human skin because of its low permeability and
is not expected to pose a significant risk via an inhalation exposure route due to its low volatility. Ingestion
of sulfolane in impacted environmental media is the appropriate exposure route to assess potential
hazards to on and offsite receptors. Estimated hazards based on inhalation and dermal exposure routes
are insignificant relative to hazards estimated based on the ingestion exposure route.

The ingestion rates of homegrown fruit and vegetables for offsite residents are not known. In the PPRTV
Scenario, ingestion of fruit and vegetables by offsite residents was evaluated based on an assumed
consumption rate equivalent to 95% of the population. As is described in the Uncertainty Assessment in
Section 4, ARCADIS selected mean per capita ingestion rates.

Hls using the mean per capita ingestion rates would be approximately five times lower for the ingestion of
produce exposure pathway. For the PPRTV Scenario, a groundwater-to-produce BCF value of 1 was
assumed. Hls for the ingestion of homegrown produce pathway calculated using a BCF of 0.32 (the
derivation of which is described in Section 4.5.4) would be approximately three times lower than the His
calculated in the PPRTV Scenario. The cumulative impact of using both the mean per capita ingestion rates
(factor of approximately 2.8) and a BCF of 0.32 (factor of approximately 3.1) result in Hls that are
approximately nine times lower than the Hls calculated in the PPRTV Scenario. However, even using high
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end exposure and uptake assumptions for ingestion of homegrown produce, this is an insignificant
exposure pathway compared to ingestion of groundwater.

In the PPRTV Scenario, swimming was assumed to occur 60 days per year for 1 hour per day with surface-
water ingestion rates at the maximum ingestion rate for adults and the 97th percentile ingestion rate for
children age 18 and under. Hls based on an EF of 30 days per year for 0.5 hour per day at recommended
mean value ingestion rates (USEPA, 2011a), which are the exposure parameters selected by ARCADIS as
described in the Uncertainty Assessment in Section 4, would be approximately ten times (a factor of 9.7)
lower than those calculated for the PPRTV Scenario.

3.5.5 Risk/Hazard Characterization

Some His exceed the USEPA and the ADEC acceptable target HI equal to 1, particularly those estimated
for onsite construction/worker exposures to volatile COPCs in the air of a trench, which have been
modeled from groundwater concentrations. For this Revised Draft Final HHRA, endpoint-specific Hls were
not calculated and summing all HQs regardless of endpoint is a health-protective approach. The USEPA
acknowledges that adding all HQ or HI values may overestimate hazards, because the assumption of
additivity is likely appropriate only for those chemicals that exert their toxicity by the same mechanism
(USEPA 1989). Application of endpoint-specific His is expected to reduce total HI estimates.

The child scenario has been assessed in this section using the chronic oral reference dose, which is by
definition a daily dose that is protective for sensitive receptors for lifetime exposures. Many USEPA
programs such as the drinking water program use adult scenarios to protect both adults and children. For
instance, Federal drinking water standards are derived using adult receptors, and USEPA states that such
standards are protective for both adults and children. The use of the child exposure levels and body weights
coupled with a chronic reference dose in this section provides an additional margin of exposure, but it is
uncertain whether it provides additional public health protection. Appendices H and K provide additional
information on sulfolane’s toxicological profile. These documents show that sulfolane presents no special
concerns to children, and that focusing public health protection efforts on adult receptors using a chronic
reference dose adequately protects children.
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4. ARCADIS Comparative Scenario

This section presents the ARCADIS Comparative Scenario estimated ELCRs and Hls for the same
potentially complete and significant exposure pathways identified in Section 3.1.1.4 for the same potential
receptors located on and offsite. In this section, the toxicity value for sulfolane that was selected by
ARCADIS, as described in Appendix H, is used, with the same exposure parameters presented in Table 3-
12. For each total estimated ELCR and HlI, the primary exposure pathway and COPC(s) are indicated, as
appropriate. In the ARCADIS Comparative Scenario, chronic oral RfDs were used to evaluate child
exposures. Child and subchronic oral reference doses were used to evaluate child exposures in the
ARCADIS Scenario, presented in the Uncertainty Assessment (Section 4.5.4) Supportive reasoning for
these choices is provided in Appendices H and K.

4.1 Exposure Assessment

ARCADIS conducted an HHRA to evaluate the potential for human health risk from exposure to site-
related constituents, following protocols presented in the June 8, 2000 ADEC Risk Assessment Procedures
Manual that are adopted into regulation in 18 AAC 75. The primary ADEC references for this Revised Draft
Final HHRA include the Draft Risk Assessment Procedures Manual (ADEC 2010a and 2011d), Cleanup
Levels Guidance (ADEC 2008a), Cumulative Risk Guidance (ADEC 2008b), and 18 AAC 75 Qil and Other
Hazardous Substances Pollution Control guidance (ADEC 2008c). Other references used include RAGS
(USEPA 1989, 1991, 2001, 2004a and 2009a), Draft Guidance for Evaluating the Vapor Intrusion to Indoor
Air Pathway from Groundwater and Soils (USEPA 2002a), Vapor Intrusion Pathway: A Practical Guide
(ITRC 2007a) and Vapor Intrusion Pathway: Investigative Approaches for Typical Scenarios (ITRC 2007b).

4.1.1  Human Health Conceptual Site Models

Two preliminary human health CSMs (one onsite CSM and one offsite CSM) were prepared and submitted
to the ADEC with the Site Characterization Work Plan (Barr 2010b). After this submittal, a substantial
amount of additional site assessment data was collected and in April 2011 the updated CSMs were
submitted to the ADEC to reflect the enhanced understanding of site conditions. In the RAWP submitted to
ADEC in December 2011 (ARCADIS 2011a), the CSMs were further refined to better reflect existing site
conditions. The updated CSMs were developed following the Human Health Conceptual Site Model Graphic
and Scoping Forms and the Policy Guidance on Developing Conceptual Site Models (ADEC 2010b and
2010c, respectively). Due to the significant difference in COPC occurrence onsite (petroleum hydrocarbon
constituents and sulfolane) versus offsite (sulfolane only), two human health CSM graphic forms (Figures 3-
1 and 3-2) were prepared and updated to more clearly portray and distinguish potential exposure pathways
for possible on- and offsite receptors.
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This section describes the CSMs submitted to the ADEC in December 2011 and revisions to the offsite
CSM based on ADEC comments discussed during the meeting held on January 24, 2012. Human health
CSMs for on- and offsite locations are presented on Figures 3-1 and 3-2, respectively, and are discussed
in the following subsections.

4.1.1.1 Potential Sources

During site operations, various materials associated with the crude oil refining process have been released
in operating areas of the site, including the crude oil processing units, extraction unit, loading racks,
wastewater lagoons, sumps and drain systems. In addition, spills and/or leaks to surface soil from ASTs,
pumps and associated piping during routine operations constitute potential sources of petroleum
constituents at the site. Petroleum hydrocarbons have also been detected in historical groundwater
samples collected from onsite monitoring wells.

Onsite impacted environmental media may include surface (0 to 2 feet bgs) and subsurface (to a depth of
15 feet bgs, the maximum depth at which human exposure is likely to occur) soil, groundwater, indoor
and outdoor air, surface water, sediment and biota. Offsite impacted media may include groundwater,
surface water, sediment, wild food (such as fish) and homegrown produce.

4.1.1.2 Potential Fate and Transport Mechanisms

As described in Section 4.1.1.1, the primary sources of COPCs are spills and releases to soil and
groundwater during facility operations. COPCs may be retained in site soils or subject to constituent fate
and transport mechanisms at the site. Fate and transport mechanisms may include soil sorption;
biodegradation; wind erosion and transport; migration to groundwater; advective/dispersive transport in
groundwater, on or offsite; and volatilization into soil gas, outdoor air or indoor air.

Potential current and future onsite receptors may be directly exposed to COPCs in surface and subsurface
soil via incidental ingestion, dermal contact and inhalation of dust particles in air. In addition, COPCs
adhered onto dust particles may migrate from exposed surface or subsurface soil to outdoor air and be
breathed by potential offsite receptors. When bound to surface soils, compounds sorbed to soil particles
may be subject to wind erosion and windblown transport in outdoor air. Due to the nature of the site, the
maijority of operational areas are covered with asphalt pavement or gravel. However, exposed and
unpaved areas do exist at the site. Therefore, although limited, windborne particulate transport is possible
at the site, and this potential pathway was evaluated during the HHRA.

COPCs may leach from soil to groundwater by percolation or may have been directly released to

groundwater. Based on groundwater samples collected from onsite wells, sulfolane is the only COPC that is
known to have migrated offsite. Potential direct-contact exposures to COPCs in groundwater (e.g., tapwater
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ingestion and inhalation of volatiles in water) are not expected to occur for current and future onsite
commercial/industrial workers because onsite groundwater is only used for industrial purposes (e.g., fire
suppression). However, current and future onsite outdoor commercial/industrial receptors may be exposed
to COPCs in groundwater by dermal contact while extinguishing fires, if they occur. In addition, due to the
relatively shallow average depth to groundwater onsite (historically from 8 to 10 feet bgs), current and future
onsite construction/trench workers may be exposed by incidental ingestion of and dermal contact with
COPCs in groundwater that has pooled in excavated trenches.

The city provides municipal water for drinking and other potable uses at the site. Current onsite receptors
consume drinking water from a municipal source and are expected to consume drinking water from this
source in the future. Current and future offsite receptors may be exposed to sulfolane in groundwater that
has migrated from the site to wells used for tapwater. In addition, groundwater may be used offsite to irrigate
homegrown produce. Sulfolane in groundwater may be taken up by homegrown produce and consumed by
offsite residents.

Onsite surface water consists of water that is stored in two lagoons and two gravel pits. Runoff and erosion
from soil to surface water may be transport mechanisms. Groundwater from the site flows offsite in a north-
northwesterly direction and groundwater is recharged by surface water from the Tanana River. COPCs in
groundwater may eventually flow to offsite surface-water bodies and to sediment, which may be contacted
by offsite recreational users. Pore-water data were collected to evaluate the potential for exposure at the
groundwater/surface-water interface. Some of the samples used for this HHRA were collected when the
adjacent surface-water body was frozen; therefore, the degree of connectivity with the surface water, if
any, could not be established.

For this HHRA, potential ingestion of sulfolane in surface water by adult and child recreational users while
swimming is considered a potentially complete exposure pathway offsite. The collected pore-water
samples likely reflect higher sulfolane concentrations than would be expected in true pore-water samples
because of limited surface water to groundwater interchange during frozen conditions. Pore-water samples
will generally reflect higher sulfolane concentrations than would be encountered by actual recreational users
of the surface water bodies because sulfolane degrades more rapidly in the presence of nutrients and
oxygen that would be present in the surface water (ADHSS 2010). Accordingly, the data presented in this
Revised Draft Final HHRA provide a health-protective assessment of risk to swimmers.

Volatilization is another fate and transport mechanism at the site for lighter petroleum hydrocarbon
compounds and other VOCs. VOCs may volatilize from subsurface soil into soil gas, with eventual
diffusion and/or advection into outdoor air and/or indoor air in onsite buildings. VOCs may also leach from
soil to groundwater, where dissolved-phase VOCs may be transported downgradient both on and offsite.
VOCs may volatilize from shallow exposed groundwater in excavations directly into outdoor air. VOCs
may volatilize from groundwater into soil gas, with eventual diffusion and/or advection into outdoor air
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and/or indoor air of on- and/or offsite buildings. VOCs may also be subject to degradation by
microorganisms in subsurface soils and groundwater. Heavier petroleum hydrocarbon compounds, such
as PAHSs, adsorb to solids and do not tend to volatilize. As such, these compounds generally tend to
remain in place, where they are subject to aerobic biodegradation by microorganisms. Sulfolane is not
expected to volatilize under the conditions observed at the site, as discussed in Section 4.1.1.4.

4.1.1.3 Potential Receptors

Potential human receptors were identified based on current and reasonably foreseeable future land use
at the site. A review of current and future land use identified the following potential human receptors at
the site.

e Current and future onsite indoor commercial/industrial workers were considered to be
individuals from 18 to 65 years old. It was assumed that these receptors perform commercial and/or
industrial work activities (e.g., office work, laboratory analyses, shipping or warehouse inventory
management) indoors onsite, under current or future (redeveloped) land use scenarios. Potential
exposures to COPCs in soil are considered to be insignificant for onsite indoor commercial/industrial
workers. These potential receptors may be exposed to COPCs in indoor air during a standard 40-
hour work week for 25 years, for 250 days per year. Potential inhalation of outdoor air is insignificant.
Inhalation of VOCs in indoor air was evaluated following USEPA (2009a) RAGS Part F.

e Current and future onsite outdoor commercial/industrial workers were considered to be
individuals from 18 to 65 years old. These receptors were assumed to perform commercial and/or
industrial work activities (e.g., maintenance work for ASTs or associated piping) outdoors at the site
under current or future (redeveloped) land use scenarios. These individuals may occasionally use site
groundwater for industrial purposes (e.qg., fire suppression). Direct-contact exposures with
groundwater are considered insignificant because fires are rare onsite and the exposure period is
expected to be short. This exposure pathway was not quantitatively evaluated. These potential
receptors may be exposed to COPCs in site media during a standard 40-hour work week for 25
years, for 250 days per year. Following ADEC (2010a) guidance, it was assumed that onsite outdoor
workers with an average BW of 70 kg are exposed to 100 mg/day COPCs in surface soil and that 100
percent of the Fl is from onsite surface soil.

FHRA requires all onsite workers to wear long-sleeved shirts, long pants and shoes. Thus, the adult
commercial/industrial worker outdoor receptor was assumed to wear a long-sleeved shirt, long pants
and shoes, which limits the exposed skin surface to the head and hands. The recommended USEPA
(2011a) SSA exposed to impacted soil for the adult commercial/industrial worker outdoor receptor is
2,230 cm?, which is the average of the adult male and adult female mean values for head and hands.
The USEPA (2004a) recommended weighted soil-to-skin AF for a commercial/industrial adult worker of

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc

66



Revised Draft Final Human
@ ARCAD|S Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

0.2 mg/cm2 based on the 50" percentile weighted AF for utility workers (i.e., the activity determined to
represent a high-end contact activity) was used. Potential inhalation of indoor air was considered
insignificant for the outdoor commercial/industrial worker. Inhalation of volatile COPCs and dust in
outdoor air was evaluated following USEPA (2009a) RAGS Part F.

e Current and future onsite construction/trench workers were considered to be individuals from 18
to 65 years old. These receptors were assumed to perform short-term maintenance and emergency
repair activities on underground utilities or facility piping at the site. These receptors may be exposed
to COPCs in surface and/or subsurface soil during the work day while performing the maintenance
and/or repair task. Because the depth to groundwater at the site generally ranges from 8 to 10 feet
bgs, construction/trench workers may be exposed to COPCs in groundwater that has pooled in a
trench during performance of the maintenance and/or repair task. It was assumed that the same
worker will provide maintenance and/or repair tasks.

Potential construction/trench worker receptors were assumed to be exposed to COPCs in onsite soil
(down to a depth of 15 feet bgs) and groundwater for 1 hour each day of a standard 5-day work week,
for 125 days, for 1 year. This EF is a modification from that proposed in the RAWP (250 days per
year). This deviation is justified because most of the utilities at the site are located aboveground and
trenching activities typically do not occur during 6 months of each year, when the ground is frozen. It
is assumed that soil may be accessible for trenching activities (i.e., not frozen) for 6 months per year.

Construction/trench workers with an average BW of 70 kg are assumed to be exposed to 330 mg/day
(USEPA 2002b) of COPCs in surface and subsurface soil, and 100 percent of the Fl is assumed to be
from surface and subsurface soil. It was assumed that onsite construction/trench workers incidentally
ingest 0.0037 L/day of groundwater pooled in a trench. This rate is based on the mean ingestion rate
for wading/splashing presented in the USEPA (2011a) EFH Table 3-93 (3.7 milliliters per hour * 1 hour
per day). This consumption rate is likely to overestimate actual exposure, because dewatering usually
occurs at excavation sites where water has pooled in trenches.

FHRA requires all onsite workers to wear long-sleeved shirts, long pants and shoes. Therefore, the
onsite adult construction worker receptor was assumed to wear a long-sleeved shirt, long pants and
shoes, and the exposed SSA was limited to the head and hands. The USEPA (2011a) recommended
SSA exposed to impacted soil for the adult construction worker receptor is 2,230 cm?®. The USEPA
(2002b) recommended weighted soil-to-skin AF for a construction worker of 0.3 mg/cm?-day was
used. Inhalation of volatile COPCs and dust in outdoor air were evaluated following USEPA (2009a)
RAGS Part F.

e Current and future onsite visitors and trespassers. Occasional visitors or trespassers may also be
present onsite. However, the site does not and is not expected to attract trespassers because of the
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character and location of the site (i.e., an industrial setting with controlled access). Moreover, it is
anticipated that a trespasser’s exposure at the site would be very infrequent. Onsite visitors are
typically adults with limited access across the site. Children rarely visit the site. Thus, potential direct-
contact exposures to COPCs in soil and groundwater by current and future onsite trespassers and
visitors are insignificant. Potential inhalation of outdoor air is also insignificant. However, assuming the
adult visitor is located in an onsite building, inhalation of volatile COPCs in indoor air by this potential
receptor was evaluated following USEPA (2009a) RAGS Part F. Current and future onsite adult visitors
(18 to 65 years of age) are assumed to be exposed to COPCs in indoor air for 2 hours per day, 12
days per year for 30 years.

e Current and future offsite residents were evaluated as infants (0 to 1 year of age), children (1 to 6
years of age) and adults (18 to 65 years of age). HHRAs do not typically focus on infant exposures as
a separate receptor group, but infants are included here because the ATSDR (2011) and the ADHSS
(2012) have addressed infants as a separate receptor group in their Health Consultations. There is
evidence that sulfolane does not present a significant risk for developmental effects and it is not
mutagenic, mitigating infant-specific exposure concerns. Resident receptors were assumed to be
located downgradient of the site and may be exposed to sulfolane in groundwater that has migrated
from the site. No other COPCs associated with site operations are known to be present in offsite
groundwater. These potential offsite receptors may ingest sulfolane in groundwater as tapwater. In
addition, it was assumed that these potential receptors consume homegrown produce, which may
have taken up sulfolane from groundwater. It was assumed that potential resident receptors may be
exposed to sulfolane in tapwater for a 1-, 6- and 30-year duration for infants, children and adults,
respectively, for 350 days per year.

Current and future offsite adult, child and infant residents may also inhale dust from the site.
Inhalation of dust in outdoor air by these potential receptors was evaluated following USEPA (2009a)
RAGS Part F.

Following ADEC (2010a) guidance, it was assumed that 70 kg adult residents consume 2 L/day of
tapwater. Following USEPA (1989) guidance, it was assumed that 15 kg child residents consume 1
L/day of tapwater. Infants were assumed to weigh an average of 6.75 kg (the average of the age-
group specific mean values from 0 to 1 year) and to consume 1.05 L/day (the time-weighted average of
the per capita age-group-specific 95™ percentile values from 0 to 1 year) of tapwater based on USEPA
(2011a) guidance. The groundwater ingestion exposure parameters for infants likely overestimate
potential exposure because it was assumed that they do not breastfeed and do not consume formula
made with distilled water (a typical pediatric guideline for the first several months of life).
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Fractions of homegrown fruit and vegetables ingested, water-to-produce BCFs and ingestion rates for
offsite adult and child residents for the ARCADIS Comparative Scenario are discussed in Section
4.1.3.1.6.

e Current and future offsite indoor and outdoor commercial/industrial workers were considered
to be individuals from 18 to 65 years old. It was assumed that these potential receptors perform
commercial and/or industrial work activities indoors or outdoors at offsite locations under current or
future land use scenarios during a standard 40-hour work week for 25 years, for 250 days per year.
These receptors may ingest sulfolane in groundwater as tapwater. Following ADEC (2010a)
guidance, it was assumed that 70 kg offsite adult commercial/industrial workers consume 2 L/day of
tapwater. In addition, they may inhale dust that may have been released onsite via wind erosion.
Potential exposures to COPCs in dust were considered to be insignificant for offsite indoor
commercial/industrial workers. Inhalation of dust in outdoor air by outdoor commercial/industrial
workers was evaluated following USEPA (2009a) RAGS Part F.

e Current and future offsite recreational users. Sulfolane may potentially migrate offsite via
groundwater to surface water and to sediment in downgradient surface-water bodies. Access to
downgradient, offsite surface-water bodies is minimal due to surrounding industrial land use and
hazardous physical conditions, and direct contact with surface water and sediment by human receptors
is limited. Regardless, for this HHRA, ingestion of surface water by offsite adult and child recreational
users while swimming is considered a potentially complete exposure pathway. Recreational user
exposure assumptions for the ARCADIS Comparative scenario are discussed in Section 4.1.3.3.

e Current and future offsite construction/trench workers were considered to be individuals from 18 to
65 years old. These receptors were assumed to perform short-term maintenance and emergency repair
activities on underground utilities at offsite properties. These potential receptors may be exposed to
sulfolane in groundwater that has pooled in a trench during performance of the maintenance and/or
repair task. It was assumed that offsite construction/trench workers incidentally ingest 0.0037 L/day of
groundwater pooled in a trench. This rate is based on the mean ingestion rate for wading/splashing
presented in the USEPA (2011a) EFH Table 3-93 (3.7 milliliters per hour * 1 hour per day). This
consumption rate is conservative, because dewatering usually occurs at excavation sites where water
has pooled in trenches. It was conservatively assumed that the same worker performs multiple
maintenance and/or repair tasks. These potential receptors (70 kg for adults) may be exposed to
sulfolane in groundwater for 1 hour each day of a standard 5-day work week, for 125 days per year, for
1 year.
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4.1.1.4 Exposure Pathway Evaluation.

Potential exposure pathways selected for quantitative evaluation are shown in the on- and offsite human
health CSMs. An exposure pathway was retained for further evaluation if it was considered potentially
complete. Each of the following components must be present in order for an exposure pathway to be
considered complete (USEPA 1989):

e Source and/or constituent release mechanism
e Retention or transport medium

e Receptor at a point of potential exposure

e Exposure route at the exposure point.

Complete exposure pathways were evaluated for identified COPCs. Only potential ingestion exposures
were quantitatively assessed for sulfolane. Dermal contact and inhalation exposure routes are not
significant for sulfolane. The ATSDR (2010 and 2011) Health Consultations support these conclusions.
Animal studies have shown that sulfolane is not readily absorbed through human skin because of its low
permeability (Brown et al. 1966) and is not expected to pose a significant risk via an inhalation exposure
route due to its low volatility (Andersen et al. 1977). Brown et al. (1966) studied the skin and eye irritant
and skin sensitizing properties of acute exposures to sulfolane on two animal species. This study
concluded that sulfolane did not irritate or sensitize the skins of guinea pigs or rabbits and, undiluted, was
only very mildly irritating on the eyes of rabbits.

Andersen et al. (1977) conducted acute and subacute investigations of the inhalation toxicity of sulfolane

on four animal species including monkey, dog, guinea pig and rat. A no-observed-effect level for sulfolane
of 20 mg/m3 was reported, and the authors concluded that airborne concentrations of sulfolane as high as
those investigated are unlikely to be encountered on any but an emergency basis. Andersen et al. (1977)

reported that sulfolane has a relatively low vapor pressure (approximately 0.13 millimeter of mercury at 32
°C and only unusual conditions would produce an extensive release of aerosolized sulfolane. Andersen et
al. (1977) further noted that if sulfolane is handled at room temperature in an area with proper ventilation,

it should not be regarded as posing an unusual hazard.

Potentially complete and significant exposure pathways were identified for the following receptors, with
the exception that dermal and inhalation exposures to sulfolane are incomplete (as noted above):

* Onsite indoor commercial/industrial worker (current and future):

— Inhalation of volatile COPC vapors in indoor air from groundwater.

* Onsite outdoor commercial/industrial worker (current and future):
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— Ingestion of, dermal contact with and inhalation (particulates) of COPCs in surface soil.
— Dermal contact with COPCs in groundwater while extinguishing fires was qualitatively evaluated.

— Inhalation of volatile COPC vapors in outdoor air volatilized from surface and subsurface soil and
groundwater.

* Onsite construction/trench worker (current and future):

— Ingestion of, dermal contact with and inhalation (particulates) of COPCs in surface and subsurface
soil.

— Inhalation of volatile COPC vapors in trench air from surface and subsurface soil and groundwater.

— Ingestion of and dermal contact with COPCs in groundwater in excavation trenches.

Onsite adult visitor (current and future):

— Inhalation of volatile COPC vapors in indoor air from groundwater.

* Offsite adult, child and infant residents (current and future):

— Ingestion of sulfolane in groundwater (i.e., tapwater).

— Ingestion of homegrown produce irrigated with sulfolane-impacted groundwater.

— Inhalation of fugitive windborne dust from onsite COPCs in surface soil.

Offsite indoor and outdoor commercial/industrial worker (current and future):
— Ingestion of sulfolane in groundwater (i.e., tapwater).

— Inhalation of fugitive windborne dust from onsite COPCs in surface soil (outdoor worker only).

Offsite construction/trench worker (current and future):

— Ingestion of sulfolane in groundwater (i.e., in excavation trenches).

Offsite adult and child recreational users (current and future):
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— Ingestion of sulfolane in surface water (i.e., pore water).
4.1.2 Data Evaluation, Constituent of Potential Concern Selection and Identification of Data Gaps

The proposed methods for data evaluation, identification of data gaps, selection of COPCs and proposed
sampling to address data gaps are discussed below. Both maximum and 95% UCL on the mean
constituent concentrations for groundwater were evaluated.

4.1.2.1 Data Evaluation

The available data that were used include analytical results from soil investigations conducted at the site
since 2001. Data from four sets of soil samples were evaluated, including samples collected in March and
May 2001, July 2004, October 2010 and October 2011. One soil sample collected in 2010 (O-2 [7.5-9]) was
determined to be unusable in a Level four data validation, so this sample was not included in EPC
calculations.

Groundwater and surface-water data collected during the last two years were also included. SWI provided
the soil and groundwater analytical data used in the HHRA in an electronic format. Initially, the data were
separated into individual datasets by environmental media, including: onsite groundwater, offsite
(downgradient) groundwater, onsite surface soil (0 to 2 feet bgs) and onsite subsurface soil (2 to 15 feet
bgs).

The quality of the data is acceptable for risk assessment use. Parameters evaluated in the data quality
assessment include spatial and vertical coverage and representativeness of sampling locations, analytical
methods and reporting limits used by the laboratories, and data qualifiers applied during data validation.
The HHRA relies on validated data supplied by SWI as presented in the Revised Site Characterization
Report (Barr 2012). Data collected for this evaluation were collected per ADEC-approved sampling and
analysis plans. Consideration was given to the recently developed standard procedure for analyzing
sulfolane in groundwater (isotope dilution) and the historical variability between analytical results. The
data relied upon in this risk assessment met the following criteria for data usability for risk assessment as
recommended in ADEC (2010a) guidance:

¢ Analytical data sufficient for adequate site characterization were available.
e Data were collected consistent with ADEC and USEPA guidance.

e Sampling and analytical procedures gave accurate constituent-specific concentrations.
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e Level two data validation was performed on analytical laboratory data used for this evaluation.
Validation reports for the 2011 soil and groundwater data, and for the 2012 pore-water data prepared
by SWI, were included in the Revised Site Characterization Report (Barr 2012). Level four data
validation was performed on the 2010 sulfolane in soil analyses.

e Method detection limits and sample quantitation limits were below screening criteria.

¢ Qualified data were used in the risk assessment; potential bias from qualified data and how it might
result in an over or under estimation of risk is discussed in Section 4.5.

¢ Rejected data were not used for risk assessment purposes.

e For a given well, if all samples were reported as non-detects, then the lowest detection limit
associated with any sampling event at that well was used to represent the well.

e If a well had both detected concentrations and reported non-detects for a given COPC, then the non-
detect was represented by a value equal to one-half the detection limit associated with that COPC in
that sampling event.

Offsite groundwater has been sampled at monitoring wells and private residential wells. At the request of
ADEC, the off-site area was delineated into smaller EUs for the purposes of the 95% UCL evaluation.
Accordingly, ARCADIS developed three separate EUs (e.g., EU-1, EU-2 and EU-3) for statistical
evaluation. These EUs were based on estimated sulfolane isocontour lines developed from fourth quarter
2011 groundwater sampling data, and generally reflect spatially contiguous areas that represent certain
ranges of concentration and portions of the sulfolane plume in groundwater. Some data points outside of
the concentration range are present within each of the defined EUs and are the result of data collected
from well screens of varying depths. These data points were included in the analysis, because it is
reasonable to assume that any hypothetical exposures to water from drinking water wells within any given
unit may also include exposures to groundwater generated at varying depths. The EUs are bounded by
the concentration contours of greater than (>) 100 pg/L, >25 pg/L and detectable sulfolane (Figure 3-3).
These contour intervals were selected and drawn using the combined offsite well data set and are based
on best professional judgment. Guidance presented in the Data Quality Assessment: Statistical Methods
for Practitioners (USEPA 2006a) was considered during selection of the off-site groundwater dataset(s).
The data from wells within a given EU were used to estimate the 95% UCL on the mean concentration as
a health-protective and representative EPC. ProUCL version 4.1 (USEPA 2011b) was used to derive the
95% UCL on the mean of the constituent concentrations.

The utility of the soil and groundwater analytical data identified in the SWI (2000 and 2001) contaminant
characterization studies conducted for the site was evaluated for the HHRA. The characterization study
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conducted at the site in 2001 was performed to collect additional soil and groundwater data to address data
gaps from the site investigation conducted in 2000. In general, for both media, the analytical methods used
included those for GRO, DRO, RRO, BTEX, selected metals, VOCs, SVOCs and sulfolane (for groundwater
only).

4.1.2.2 Constituents of Potential Concern

COPCs have been identified from a list of potential COls, such as those that were likely used or spilled at
the site. COPCs for each dataset were carried through the HHRA process.

Preliminary lists of COIs and COPCs in soil and groundwater at the site were presented in the Site
Characterization and First Quarter 2011 Groundwater Monitoring Report (Barr 2011). The lists were revised in
the Addendum (ARCADIS 2011b) based on the ADEC (2011a) Comment Matrix on the site characterization
report. The lists of preliminary COls and COPCs were also presented in the RAWP (ARCADIS 2011a).

As noted in the RAWP (ARCADIS 2011a), the list of COls was developed according to the following
process:

1. FHRA compiled a list of spills based on staff interviews, refinery records and a review of spill
records retained by the ADEC.

2. The list of spills was refined by eliminating:

a. Spills less than 10 gallons.
b. Spills that were reportedly contained.
c. Spills that were remediated and had confirmation sampling.

For many spills on the list, the material spilled was specific to one ingredient (e.g., propylene glycol) or was a
material with obvious and limited ingredients (e.g., kerosene). However, the individual ingredients (e.g., oily
water) of the other materials reportedly spilled were not provided. Refinery specialists such as chemists,
wastewater experts and production leads were consulted to apply operational knowledge of the refinery to
determine the ingredients that made up this set of materials. By this process, the list of spills was then
distilled down to the “ingredients” or the primary constituents that make up the material spilled. This
ingredient list was also compared to constituents that had been included in laboratory analyses of facility
wastewater. The resulting ingredient list was then used to make up a list of COls for the site. The COl list
also included constituents that were analyzed during previous site characterization studies, regardless of
whether they were detected above the PQL. The list of COls for the site is shown in Table 3-1. Constituents
in the ingredient list that were analyzed for but not detected were not removed from this list. If a constituent
was previously detected at the site and/or was included in the ingredient list, it was considered a COI.
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Table 3-1 indicates if a constituent was previously analyzed in soil or groundwater samples collected at the
site. Table 3-1 also indicates if a constituent was included in the ingredient list; the last four columns of the
table summarize whether toxicity data are available from the IRIS (USEPA 2012a).

For this Revised Draft Final HHRA, maximum detected concentrations and/or the laboratory reporting limits
of COls in soil and groundwater are compared with ADEC screening levels corresponding to a 1 x 10°
target ELCR and 0.1 target HQ, as shown in Table 3-2a. COl soil concentrations were compared with ADEC
screening levels protective of potential migration to groundwater based on a zone with less than 40 inches
of annual precipitation, direct-contact exposures and outdoor inhalation (ADEC 2008a [Table B-1 of 18 AAC
75, Method Two]). If ADEC soil screening levels were unavailable, then COI concentrations in soil were
compared with USEPA RSLs (USEPA 2011c), adjusted to a target ELCR of 1 x 10® (if necessary) and a
HQ equal to 0.1, for the applicable exposure pathway. Soil screening levels for GRO, DRO and RRO were
from ADEC (2008a) Table B-2 Method Two. COI groundwater concentrations were compared with ADEC
groundwater screening levels (ADEC 2008a; Table C). If ADEC groundwater screening levels were
unavailable, then COI concentrations were compared with USEPA RSLs (USEPA 2011c) based on
tapwater ingestion.

The higher of either the maximum COI concentration detected above the laboratory reporting limit or
maximum detection limit was compared with the selected ADEC screening levels. The selected soil
screening levels were based on the lesser of the migration to groundwater, 1/10 the direct contact or 1/10 the
outdoor air screening levels. COls with concentrations exceeding the selected soil screening level were
identified as COPCs. Table 3-2a lists the COPCs identified in soil and groundwater based on ADEC (2010a)
COPC selection guidance applied to the COls identified in Table 3-1.

The preliminary COPCs identified at the site, as presented in Table 3-2a, are COls that were detected in site
media and exceeded ADEC screening levels. COls not detected in site media but that had practical
quantitation limits exceeding ADEC screening levels and COls identified by the refinery as ingredients that
could have been released are also considered COPCs. Arsenic was eliminated as a COPC in groundwater
based on published background concentrations for the area of the site (U.S. Geological Survey 2001).
However, it was retained as a COPC in soil in the RAWP (ARCADIS 2011a). An evaluation of the 2011
arsenic in soil data was presented in the Revised Site Characterization Report (Barr 2012). Based on this
evaluation, it is likely that the presence of detectable arsenic in soil samples collected at the site is
attributable to background concentrations. No other metal COls were eliminated from the list of COPCs
based on background concentrations. In accordance with ADEC (2010a) guidance, Table 3-2a has been
provided to the ADEC in Microsoft® Excel format.

Table 3-2b summarizes COPCs by environmental media.
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4.1.2.3 Data Gaps

Based on a review of the preliminary human health CSMs and available analytical data for environmental
samples collected at the site, and discussions held during the June 24, 2011 Risk Assessment Scoping
Meeting, four potential risk assessment data gaps were indicated:

e Limited surface soil data were available for the evaluation of potential risks and hazards to onsite
human receptors.

¢ Onsite containment of COPCs other than sulfolane must be supported.

e Possible connection between groundwater at the site and surface water must be determined.
¢ No soil gas data were available to evaluate onsite vapor intrusion concerns.

4.1.2.4 Sampling Plans to Address Data Gaps

Sampling plans for additional data collection are described in the Addendum (ARCADIS 2011b). With
respect to risk assessment data gaps identified in Section 3.1.2.3, the following field activities have been
conducted:

¢ Onsite soil assessment activities, to characterize soil impacts and provide data for risk assessment
activities. The soil data collected in 2011 adequately characterized the nature and extent of surface and
subsurface impacts for the purposes of this HHRA evaluation. Additional sampling is planned for 2012
to complete characterization for the purposes of a remediation feasibility study. The 2011 soil data were
validated and included in this evaluation.

e Additional groundwater sampling, during the third and fourth quarters 2011, confirmed that no other
COPCs (except sulfolane) have migrated offsite.

e A pore-water investigation was conducted to better characterize sulfolane concentrations in the
groundwater/surface-water interface and the potential for surface-water sulfolane impacts. The March
2012 samples were collected when the adjacent surface-water body was frozen; therefore, the degree
of connectivity with surface water, if any, could not be established. Therefore, the piezometer samples
were likely more representative of groundwater. Because sulfolane degrades more rapidly in the
presence of nutrients and oxygen that would be present in the surface water (ADHSS 2010), and given
the limited groundwater-surface water interchange adjacent to a frozen surface-water body, the
groundwater collected adjacent to two of the three surface-water bodies in 2012 likely overestimates the
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surface water concentrations at those locations. The data presented in this Revised Draft Final HHRA
provide a health-protective estimate of risk to swimmers.

Soil gas data were not collected to evaluate potential vapor intrusion concerns. Instead, onsite groundwater
data were used to evaluate the vapor intrusion exposure pathway. All onsite groundwater analytical data
collected during the last 2 years (2009 through 2011) were used to predict indoor air concentrations of
volatile COPCs and to estimate risks and hazards to current and future onsite indoor commercial workers.
The maximum detected groundwater concentration for each COPC was used as the source term for J&E
groundwater-to-indoor air modeling (USEPA 2004b) in the maximum exposure scenario. The 95% UCL
concentration calculated from the average concentration in each onsite well was used as the source term in
the 95% UCL scenario.

4.1.3 Quantification of Exposure

The objective of the exposure assessment was to estimate the type and magnitude of potential receptor
exposure to COPCs. Results of the exposure assessment were then combined with constituent-specific
toxicity values in the toxicity assessment (see Section 4.2) to characterize potential risks (USEPA 1989).

4.1.3.1 Dose/Intake Equations

Exposures were quantified using standard exposure equations consistent with RAGS (USEPA 1989,
1991, 2004a and 2009a) for the potentially complete exposure pathways identified in Section 4.1.1.4.

The general algorithms presented below were used to estimate the LADD for carcinogenic compounds
and the ADD for noncarcinogenic COPCs for direct-contact pathways (i.e., ingestion and dermal contact)
by combining environmental media concentrations with the receptor-specific exposure parameters that
constitute “intake factors.” Both the ADD and the LADD are in units of mg/kg-day (USEPA 1989). For
inhalation exposure pathways, exposure was estimated as an AEC for noncarcinogenic COPCs or LAEC for
carcinogenic COPCs. Both the AEC and the LAEC are in units of mg/m3 (USEPA 2009a).

The dose equations and parameter descriptions used are provided in the following subsections.
4.1.3.1.1 Incidental Ingestion of Soil

The doses of COPCs associated with incidental ingestion of soil were calculated as follows:

Dose= EPCs*IRs*FI*EF*ED*CF  *RAF
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BW * AT

Where:

Dose = ADD or LADD (mg/kg-day)

EPC, = EPC in soil (mg/kg)

IRs = soil ingestion rate (milligrams soil per day)

FI = fraction ingested (unitless)

EF = exposure frequency (days per year)

ED = exposure duration (years)

CF = conversion factor (1x10'6 kg/mg)

BW = body weight (kg)

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

RAF = relative absorption factor (unitless), assumed to equal 1

The USEPA (1989) defines Fl as a “pathway-specific’ value that should be applied to consider constituent
location and population activity patterns. Fl accounts for the fraction of the site covered with asphalt or
vegetation, which reduces potential exposure. Following the ADEC’s (2010a) guidance, an Fl of 1 was
assumed for the current and future onsite outdoor commercial/industrial worker and future onsite
construction/trench worker to provide a health-protective estimate of risk.

4.1.3.1.2 Dermal Contact with Soil
Absorbed doses of constituents associated with dermal contact with soil were calculated as follows:

EPC, * SSA; *AF * FC * ABS; * EV *EF * ED * CF
Dose =

BW * AT
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Where:
Dose = ADD or LADD (mg/kg-day)
EPC, = EPC in soil (mg/kg)
SSA, = SSA available for contact (cm?/event)
AF = soil-to-skin adherence factor (mg/cm®-event)
FC = fraction in contact with soil (unitless)
ABS4 = dermal absorption factor (unitless)
EV, = event frequency (soil) (events/day), assumed to be 1 per day unless otherwise noted
EF = exposure frequency (days/year)
ED = exposure duration (years)
CF = conversion factor (1x10° kg/mg)
BW = body weight (kg)

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

Constituent-specific dermal parameters, such as SSAs, AF and ABS, were provided from USEPA (2004a)
RAGS Part E. ABS, are presented in Table 3-13.

Similar to FI for the soil ingestion pathway, FC was added to the dermal contact equation to account for
the fraction of the site covered with asphalt or vegetation, which reduces potential exposure. Following
the ADEC’s (2010a) guidance, an FC of 1 was assumed for the current and future onsite
commercial/industrial worker and future onsite construction/trench worker to provide a health-protective
estimate of risk.

4.1.3.1.3 Ingestion of Groundwater

The doses of COPCs associated with ingestion of groundwater were calculated as follows:
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EPC, * IR, * EF * ED
Dose =

BW * AT

Where:

Dose = ADD or LADD (mg/kg-day)

EPC,, = EPC in water (mg/L)

IR, = water ingestion rate (liters water/day)

EF = exposure frequency (days/year)

ED = exposure duration (years)

BW = body weight (kg)

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

4.1.3.1.4 Dermal Contact with Groundwater

Absorbed doses of constituents associated with dermal contact with groundwater were calculated as
follows:

DAgvent * SSAy * EV,, * EF *ED
Dose =

BW * AT

Where for organics (teyen <t¥):

t

event

o
b

DAgyers =2*FA*K, *EPC,, *CF *\/E*rewanr*

Where for organics (teyen: >t*):
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FA*K,+EPC,, +CF+

event = + [ Tavent

Where for inorganics:
DAegvent = Ky * EPCy, * CF * tovent
Dose = ADD or LADD (mg/kg-day)
DAgvent = dose per event (mg/cmz-event)
SSA,, = SSA available for contact with water (cmZ/event)
EV,, = event frequency (water) (events/day), assumed to be 1 per day unless otherwise noted
EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight (kg)
t* = time to reach steady state (hours), equivalent to 2.4 X Teyent

AT = averaging time (days), for carcinogens is equal to 70 years * 365 days per year, and for
noncarcinogens is equal to ED * 365 days per year

FA = fraction absorbed (unitless)
= permeability coefficient (centimeter/hour)
EPC,, = EPC in water (mg/L)
CF = conversion factor (1x10'3 liters per cubic centimeter)
Tevent = lag time per event (hours/event)

B = permeability ratio (unitless)
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tevent = €vent duration (hours/event)
4.1.3.1.5 Inhalation of Outdoor or Indoor Air

Exposure concentrations associated with the inhalation of vapors or particulates in outdoor or indoor air
are calculated using USEPA (2009a) RAGS Part F methodology as follows:

AEC or EPC, *EF *ED *ET

LAEC =

AT

Where:

AEC or LAEC = average or lifetime exposure concentration in air (pg/ms)

EPC, = EPC in outdoor or indoor air (ug/m®)

EF = exposure frequency (days/year)

ED = exposure duration (years)

ET = exposure time (hours/day)

AT = averaging time (hours), for carcinogens is equal to 70 years * 365 days per year * 24 hours

per day, and for noncarcinogens AT is equal to ED (in years) * 365 days per year * 24 hours per

day
4.1.3.1.6 Ingestion of Homegrown Produce
Groundwater from the site may be used to irrigate locally grown crops, creating the potential for sulfolane to
be taken up into plants that are then consumed by humans. In the few studies that have been conducted on
the topic of uptake in plants, sulfolane has been demonstrated to be taken up into plants as the result of the
constituent’s high miscibility with water. Sulfolane is carried, along with water, through the roots, into the
xylem and ultimately into the leaves of the plants. When water is lost through the leaves due to
evapotranspiration, the sulfolane, due to its low volatility, tends to remain in the leaves where it may

accumulate. Based on this information, it is assumed that if sulfolane is taken up by plants, it would
predominantly be present in the leaves rather than in the roots or fruit.

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc

82



Revised Draft Final Human

@ ARCADlS Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

This assumption is corroborated by the Final Results of the North Pole Garden Sampling Project (ADEC
2011b), which demonstrated that concentrations in roots were substantially lower than those in the stems
and leaves. In the ADEC (2011b) study, which was led by ADHSS, 27 types of plant parts from multiple
gardens irrigated with sulfolane-containing groundwater were collected from July to September 2010.
Approximately one-half of the plant samples were reported as not detected, but 14 of the plant types tested
were confirmed to contain sulfolane, primarily in the leaves and stems. Using data from the Final Results of
the North Pole Garden Sampling Project (ADEC 2011b), the ADHSS evaluated the potential for risk to
consumers of vegetables irrigated with sulfolane-containing water and concluded that sulfolane levels in the
plants were low and not likely to cause any adverse health effects. However, because of the limited number
of gardens sampled and the fact that the data were collected during only one growing season, the results of
the investigation were considered preliminary and the exposure pathway was further evaluated in this
assessment.

Following USEPA (2005) guidance, bioaccumulation of sulfolane in locally grown crops was evaluated using
a biotransfer factor to estimate concentrations in plant tissues based on groundwater concentrations. There
are no accepted values developed for sulfolane, but there is evidence to suggest that the uptake of sulfolane
does not follow standard models based on partitioning coefficients (e.g., Kow); therefore, an appropriate
surrogate was not identified. Given the lack of constituent-specific information available in the literature, the
ADEC has requested use of a factor of 1. Use of this value assumes that the concentration of sulfolane in
the edible portions of the plant tissues is equivalent to the concentration of sulfolane in groundwater. To
allow a direct risk comparison between this and the PPRTV Scenario, with only the toxicity criteria differing,
ARCADIS has adopted this BCF for the purposes of this scenario.

After estimating the EPC, the doses of sulfolane associated with resident ingestion of homegrown fruits
and vegetables were calculated using the following equation:

EPC, * (IRPs + IRP,) * FI * EF *ED * CF
Dose =

BW * AT

Where:
Dose = ADD (mg/kg-day)
EPC, = EPC in produce (mg/kg) = EPC,,* BCF
Where:

EPC,,= EPC in water (mg/L)
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BCF = water-to-produce bioconcentration factor (unitless)
IRPy, = fruit ingestion rate (mg/day)
IRP,4 = vegetable ingestion rate (mg/day)
Fl = fraction ingested (unitless)
EF = exposure frequency (days/year)
ED = exposure duration (years)
CF = conversion factor (1x10° kg/mg)
BW = body weight (kg)
AT = for the noncarcinogen sulfolane is equal to ED * 365 days per year

For the ARCADIS Comparative Scenario, the same produce consumption rates described for the PPRTV
Scenario (Table 3-12) were used.
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4.1.3.1.7 Ingestion of Surface Water

The doses of sulfolane associated with ingestion of surface water while swimming were calculated as
follows:

EPC, *ET *EF *ED * CRy,
Dose =

BW * AT

Where:

Dose = ADD (mg/kg-day)

EPC,, = EPC in water (mg/L)

ET = exposure time (hours per day)

EF = exposure frequency (days/year)

ED = exposure duration (years)

CR,, = contact rate of surface water (liters/hour)

BW = body weight (kg)

AT = for the noncarcinogen sulfolane is equal to ED * 365 days per year
For this Scenario, as shown in Table 3-12, the offsite adult and child recreational user surface-water
ingestion rates of 0.071 and 0.12 liter/hour, respectively, were based on the upper percentile values for
swimmers presented in the USEPA (2011a) EFH Table 3-5 representing the maximum ingestion rate for
adults and the 97th percentile ingestion rate for children age 18 and under. Adult and child recreational

users were assumed to swim for 30 and 6 years, respectively, for 60 days per year for 1 hour per day.

4.1.3.2 Exposure Point Concentrations

Per ADEC (2010a) guidance, “the exposure point concentration is used to assess risk and should be
estimated using a 95% UCL on the mean of the contaminant concentrations.” The EPC represents the
average concentration of a COPC in an environmental medium that is potentially contacted by a receptor
during the exposure period (USEPA 1989). The USEPA (1989) also recommends the use of the 95%
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UCL as a conservative estimate of the EPC, because it represents the average concentration for which
we have 95 percent confidence that the true mean concentration has not been exceeded. Unless there is
site-specific evidence to the contrary, an individual receptor is assumed to be equally exposed to media
within all portions of the EU during the time of the risk assessment (USEPA 2002c). For this HHRA ADEC
has also requested evaluation of maximum COPC concentrations in groundwater as EPCs in the
ARCADIS Comparative Scenario. Note that the ADEC Draft Risk Assessment Procedures Manual was
updated during preparation of this HHRA (ADEC 2011c). The updated manual includes guidance on the use
of maximum groundwater concentrations for EPCs. Because groundwater data collected from off-site wells
indicate that offsite sulfolane concentrations are generally not increasing, the use of the maximum
concentration will overestimate the true risk for most, actual receptors.

EPCs are estimated separately for each medium. Consistent with USEPA (2006b, 2007) guidance, surface
soil, subsurface soil and groundwater EPCs were estimated using the 95% UCL of the mean for datasets
with at least eight samples and at least five detected values. For this HHRA, a “dataset” was considered the
aggregate of samples for one COPC, for one pathway, within a particular EU (onsite or offsite). Calculation
of a 95% UCL depends on the distribution of the dataset and variability in the data. To assess statistical
validity, data evaluation, distribution testing and 95% UCL calculations were performed using the USEPA’s
ProUCL version 4.1 (http://www.epa.gov/osp/hstl/tsc/software.htm) and according to the recommendations
provided in the associated technical documentation (USEPA 2006, 2007, 2011b). Analytical data used for
the HHRA are provided in Appendix A and ProUCL output files are included in Appendix B. For datasets
with fewer than eight samples or fewer than five detected values, the EPC was the maximum detected
concentration. Soil and groundwater datasets for most COPCs have more than eight samples each.

To combine data collected from monitoring wells and private residential wells, individual well means were
calculated. The following methods were used to normalize the groundwater data in a manner that provides
equal representation between wells with different numbers of observations:

e Foragiven well, if all samples were reported as non-detects, then the lowest detection limit associated
with any sampling event at that well was used to represent the well.

e If awell had both detected concentrations and reported non-detects for a given COPC, then any non-
detect was represented as one-half the detection limit associated with that sampling event for that
COPC.

With the individual well means calculated as described above, ProUCL was used to estimate the 95% UCL
of the mean of sulfolane across all wells in an EU (Figure 3-3). EU-1 represents approximate sulfolane
concentrations in groundwater of >100 pg/L, EU-2 where detected sulfolane concentrations range from >25
t0 99.9 ug/L, and EU-3 where sulfolane was from not detected above the laboratory reporting limit to 24.9
pg/L. Given the sizable area of each EU, some results included in the data analyses are different from
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others in each EU. For example, some non-detect results occur in EU-1 and EU-3. These values are
primarily attributable to groundwater samples collected from variable screen depths. It is reasonable to
assume that groundwater extracted from a variety of screen lengths may be ingested by potential receptors
that might use groundwater as drinking water. Therefore, these data points were included in the EPC
calculations for each EU. Non-detect observations for the COPCs in soil and groundwater were addressed
using the methods described above.

In addition, per ADEC (2010a) guidance for duplicate samples, the highest detected value from the primary
and duplicate samples was used to represent that sample result. For any COPC, if the 95% UCL COPC of
the mean concentration exceeded the maximum detected concentration, then the maximum detected
concentration was the EPC. Summary statistics for the COPCs are presented in the risk characterization,
including detection frequency, number of samples, minimum and maximum detected concentrations, and
calculated 95% UCL concentrations.

The same EPCs used for the PPRTV scenario (Tables 3-3 through 3-10) were used in the ARCADIS
Comparative Scenario. EPCs were estimated separately for each exposure medium:

e Surface soil (0 to 2 feet bgs; see Table 3-3 for 95% UCL COPC concentrations

e Subsurface soil (0 to 15 feet bgs; see Table 3-4a for maximum COPC concentrations and Table 3-4b
for 95% UCL COPC Concentrations Onsite groundwater (see Table 3-5a for maximum COPC
concentrations Table 3-5b for 95% UCL COPC Concentrations

¢ Offsite groundwater in all wells (see Table 3-6 for maximum sulfolane concentration)

e Offsite groundwater in EU-1 (see Table 3-7 for 95% UCL sulfolane concentration)

e Offsite groundwater in EU-2 (see Table 3-8a for maximum sulfolane concentration Table 3-8b for 95%
UCL sulfolane concentration)

o Offsite groundwater in EU-3 (see Table 3-9a for maximum sulfolane concentration Table 3-9b for 95%
UCL sulfolane concentration)

o Offsite surface water (see Table 3-10 for maximum sulfolane concentration from pore water).

Soil, groundwater, outdoor air, indoor air, homegrown produce and surface-water EPCs are further
discussed below.

4.1.3.2.1 Soil Exposure Point Concentrations

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc



_ Revised Draft Final Human
@ ARCADlS Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

Onsite receptors may potentially contact surface soil or a combination of surface and subsurface soil.
According to ADEC guidance 18 AAC 75.340(j)(2), “human exposure from ingestion, direct contact or
inhalation of a volatile substance must be attained in the surface soil and the subsurface soil to a depth of
at least 15 feet, unless an institutional control or site conditions prevent human exposure to the
subsurface” (ADEC 2008c). Currently and in the future, FHRA will have institutional controls in place (i.e.,
permits) that provide worker protection (i.e., appropriate personal protective equipment) in the event of
planned excavation of onsite soil. For this HHRA, two soil EPCs are calculated for each COPC. Surface
soil is considered to occur from 0 to 2 feet bgs (Table 3-3) and subsurface soil is considered to occur from
0 to 15 feet bgs (Tables 3-4a and 3-4b). EPCs for soil were calculated using the 95% UCL on the mean of
the dataset for surface soil exposures, or the maximum detected COPC concentrations for surface and
subsurface soil exposures (relevant to potential onsite construction/trench workers).

4.1.3.2.1.1 Surface Soil Exposure Point Concentrations

For this HHRA, it is presumed that onsite commercial/industrial workers may potentially contact surface
soil onsite that is not covered with pavement or vegetation. Therefore, surface soil EPCs were calculated
and used to evaluate potential exposure by onsite commercial/industrial workers, using analytical data
from the surface soil dataset in uncovered portions of the site (i.e., soil samples collected from ground
surface to 2 feet bgs). The 95% UCL of the mean concentrations of COPCs in surface soil collected from
0 to 2 feet bgs were used to evaluate:

e Direct-contact exposure pathways to onsite outdoor commercial/industrial workers

e Potential inhalation of fugitive windborne dust from onsite surface soil by onsite outdoor commercial/
industrial workers, offsite residents and offsite outdoor commercial/industrial workers.

4.1.3.2.1.2 Surface and Subsurface Soil Exposure Point Concentrations

The 95% UCL of the mean concentrations of surface soil collected from 0 to 2 feet bgs were used to
evaluate direct-contact exposure pathways to onsite outdoor commercial/industrial workers, and potential
inhalation of fugitive windborne dust from onsite soil by onsite and offsite outdoor commercial/industrial
workers. The onsite construction/trench worker may be directly exposed to surface and subsurface soil
during excavation activities. Therefore, EPCs for evaluating exposure by the onsite construction/trench
worker were generated using analytical data from the combined surface and subsurface soil dataset (i.e.,
soil samples collected from ground surface to as deep as 15 feet bgs). The maximum detected
concentrations in the combined surface and subsurface soil sample dataset were used to estimate
surface and subsurface soil EPCs for direct-contact pathways for the onsite construction/trench worker
because that exposure may be localized rather than averaged over the entire site. In addition, in
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accordance with ADEC guidance (2010a), surface and subsurface soil EPCs based on the 95% UCLs
were also used to evaluate potential exposures by the construction/trench worker.

4.1.3.2.2 Groundwater Exposure Point Concentrations

For COPCs in groundwater, COPC EPCs were distinguished for both on- and offsite potential exposures as
described in the following sections.

4.1.3.2.2.1 Onsite Groundwater Exposure Point Concentrations

Groundwater EPCs were used to estimate direct-contact exposure (i.e., dermal contact) by the onsite
outdoor worker and incidental ingestion and dermal contact by onsite construction/trench workers during
excavation activities. Groundwater COPC EPCs based on 95% UCL concentrations were estimated using
the last 2 years of data (i.e., 2009 to 2011) collected from onsite groundwater monitoring wells. In addition
to evaluating the potential exposures to COPCs in groundwater over an EU using 95% UCL
concentrations, the ADEC also requested that groundwater EPCs be calculated using the maximum
detected concentration during the last 2 years of groundwater monitoring (see Tables 3-5a and 3-5b).

4.1.3.2.2.2 Offsite Groundwater Exposure Point Concentrations

Offsite sulfolane groundwater EPCs were used to estimate direct-contact exposure (i.e., incidental
ingestion) by offsite construction/trench workers during excavation activities and to estimate direct-contact
exposure (i.e., ingestion) by offsite residents and commercial/industrial receptors. In addition to evaluating
the potential exposures to sulfolane in groundwater using a 95% UCL concentration for each of the EUs
depicted on Figure 3-3, the ADEC also requested risk calculations using the maximum detected sulfolane
concentration during the last 2 years of groundwater monitoring (i.e., 2009 to 2011), applied to the entire
offsite area. EPCs for the ARCADIS Comparative Scenario were derived for each offsite EU identified on
Figure 3-3 including:

o All offsite wells (Table 3-6), evaluated using the maximum offsite concentration as the EPC
e EU-1 (Table 3-7), evaluated using the 95% UCL concentration in offsite wells in EU-1

e EU-2 (Table 3-8a for maximum concentrations and Table 3-8b for 95% UCL concentrations)
e EU-3 (Table 3-9a for maximum concentrations and Table 3-9b for 95% UCL concentrations.

In summary, the maximum detected concentrations of sulfolane in offsite groundwater from EU-1, EU-2
and EU-3 were used to estimate risks and hazards for relevant receptors for the ARCADIS Comparative
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Scenario. In addition, for each EU, EPCs based on the 95% UCL were also used to estimate risks and
hazards for relevant receptors at each of the offsite groundwater offsite EUs (EU-1, EU-2 and EU-3), per
USEPA (1989) guidance and ARCADIS professional judgment.

4.1.3.2.3 Outdoor Air Exposure Point Concentrations

In accordance with the USEPA (1989), exposure to constituents in outdoor air was evaluated as exposure
to fugitive dust emissions (for non-VOCs, from soil only) or volatile emissions (for VOCs, from soil or
groundwater). The USEPA (2002b) recommendations for media transfer factors to evaluate these
exposures are described below.

4.1.3.2.3.1 Estimating Outdoor Air Exposure Point Concentrations from Soil Concentrations

A PEF for non-volatile COPCs was used to estimate EPCs in outdoor air from soil. The industrial PEF
(1.36 x 10° m3/kg) obtained from the Supplemental Guidance for Developing Soil Screening Levels for
Contaminated Sites (USEPA 2002b) was used to estimate outdoor air EPCs of non-volatile COPCs for
onsite outdoor commercial/industrial workers and construction/trench workers potentially exposed to
particulate emissions from soil.

A VF for VOCs was used to estimate EPCs of volatile COPCs in outdoor air from soil (VFs). Outdoor air
EPCs were estimated for the onsite outdoor commercial/industrial worker and onsite construction/trench
worker using the EPC for the combined surface and subsurface soil dataset. Constituent-specific VFsq;
were obtained from the USEPA (2011c) RSL spreadsheets, where they exist, to estimate outdoor air
EPCs of volatile COPCs for onsite outdoor commercial/industrial workers and construction/trench workers
potentially exposed to volatile COPCs emanating from surface and subsurface soil. For volatile COPCs
not listed in the USEPA’s RSL table, VFs were derived according to USEPA guidance (USEPA 2002b). If
not otherwise obtained from RSL spreadsheets, the VFs used in this assessment are shown on Table 3-
11.

The following equation was used to calculate outdoor air EPCs from soil EPCs using either a PEF or
VFsoiI:

EPC;
EPC, =

PEF or VFSO,'/
Where:

EPC, = EPC in air (mg/m°)
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EPC; = EPC in soil (mg/kg)
PEF = particulate emission factor (m®kg)

VF i = volatilization factor (soil) (m*/kg)

4.1.3.2.3.2 Estimating Outdoor Air Exposure Point Concentrations from Groundwater Concentrations

Construction workers (i.e., trench workers) may also be exposed to VOCs released from shallow
groundwater that may pool in a trench and volatilize to trench air. Groundwater occurs as shallow as 8 feet
bgs in portions of the site. To estimate the potential concentrations of COPCs that could volatilize from
groundwater to trench air, volatilization factors (VFg,) obtained from the Virginia Department of
Environmental Quality (2012) were used to estimate trench air EPCs from groundwater. The trench air
EPCs were used to evaluate potential exposures by on and offsite construction/trench workers potentially
exposed to volatile COPCs emanating directly from shallow groundwater in an excavation trench. The
equation for using VF, to calculate trench air EPCs from groundwater EPCs is as follows:

EPCa = EPng* VFgW
Where:
EPC, = EPC in trench air (mg/m°)

EPC,, = EPC in groundwater (mg/L) (see Section 4.1.3.2.2 for discussion about on and offsite
groundwater EPCs)

VF 4 = volatilization factor (groundwater) (liter per cubic meter)

For onsite exposures, the trench air EPCs are presented in Table 3-5a (maximum EPC) and Table 3-5b
(95% UCL EPC). For offsite exposures, the trench air EPCs are presented in Tables 3-6 through 3-9b.

Onsite construction/trench workers may potentially be exposed to vapors emanating from soil during trench
excavation. Therefore, potential exposures to volatile EPCs in trench air from both soil and shallow
groundwater sources, as well as COPCs as fugitive dust from soil were estimated for onsite
construction/trench workers. For offsite construction/trench workers, sulfolane in trench air from offsite
groundwater is the only potential exposure onsite.

4.1.3.2.4 Indoor Air Exposure Point Concentrations
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The Draft Guidance for Evaluating the Vapor Intrusion to Indoor Air Pathway from Groundwater and Soils
(USEPA 2002a), Vapor Intrusion Pathway: A Practical Guide (ITRC 2007a) and Vapor Intrusion Pathway:
Investigative Approaches for Typical Scenarios (ITRC 2007b) were used to assess vapor intrusion. The
J&E model was used to estimate indoor air concentrations resulting from intrusion of vapors from sub-
slab soil gas into onsite buildings. The J&E model is a one-dimensional, screening-level model used to
evaluate subsurface vapor intrusion into buildings. It incorporates both convective and diffusive
mechanisms to estimate the transport of constituent vapors emanating from soil gas into indoor spaces
located directly above the source (J&E 1991, USEPA 2004b). When estimating the concentration of
COPC vapors in indoor air, the J&E model assumes the following:

e Constant, infinite source of constituents (e.g., in groundwater or soil gas)

e Steady-state diffusion through the unsaturated zone

e Convective and diffusive transport through the basement floor or slab

e Complete mixing within the building, estimated using an air exchange rate.

Due to the uncertainties associated with partitioning from soil to soil gas, ITRC (2007b) does not
recommend using soil data as a source of COPCs to evaluate potential vapor intrusion. Therefore, source
concentrations were estimated using the groundwater data as discussed in Section 2.6.2. Source
concentrations for the model consisted of the groundwater EPCs based on maximum detected COPC
concentrations in groundwater as well as the 95% UCL of the mean groundwater concentrations (see
Section 4.1.3.2.2). Site-specific parameters, such as soil type and average soil temperature, were used in
the J&E model where available. The top 3 to 5 feet of soil was assumed to be sand. Geotechnical data
show that this depth interval is silty sand. An average soil temperature of 5 °C was used. The remaining
parameter values, including constituent-specific parameter values, were estimated using the default
values provided by the USEPA (2004b) in the User's Guide for Evaluating Subsurface Vapor Intrusion
into Buildings and the associated model spreadsheets. Appendix C presents the results of the USEPA’s
J&E-based model to predict indoor air COPC concentrations from COPC concentrations in onsite
groundwater. For onsite exposures, the indoor air EPCs are presented in Table 3-5a (maximum EPC)
and Table 3-5b (95% UCL EPC). For offsite exposures, the indoor air EPCs are presented in Tables 3-6
through 3-9b.

4.1.3.2.5 Homegrown Produce Exposure Point Concentrations

Residents who consume homegrown produce that has been irrigated with offsite groundwater were
evaluated. Homegrown produce EPCs were calculated using BCFs applied to offsite groundwater EPCs
(Tables 3-6 through 3-9b). The Final Results of the North Pole Garden Sampling Project (ADEC 2011b)
showed that sulfolane was taken up into garden plants at concentrations below adult risk-based
screening criterion developed by the ADHSS. However, a BCF equal to 1 was used predict uptake of
sulfolane into both aboveground and belowground vegetables, as described in Section 3.1.3.1.6.
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4.1.3.2.6 Surface-Water Exposure Point Concentrations

Recreational users who ingest surface water that has migrated from groundwater beneath the site were
evaluated. The maximum detected concentration of sulfolane collected during the 2012 field season from
adjacent to a frozen surface-water body was assumed to represent groundwater that has migrated offsite
to downgradient water bodies. Summary statistics and the surface-water EPC are presented in Table 3-
10.

4.1.3.3 Exposure Parameters

Exposure parameter values that were identified for each receptor at the site for the ARCADIS
Comparative Scenario are provided in Table 3-12. The exposure parameters were identical to the
exposure parameters used in the PPRTV Scenario, and were based primarily on those provided in ADEC
(2010a) and USEPA (1989, 1991, 1997a and 2004a) as well as other sources, as noted. These exposure
parameters meet or exceed the USEPA (1989) approach for estimating RME, which is the maximum
exposure that is reasonably expected to occur in a population. Its intent is to estimate a high end
exposure case (i.e., well above the average case) that is still within the range of possible exposures
(USEPA 1989). Mathematically, the RME estimate for each exposure pathway combines high end values
and assumptions with average values and assumptions. These assumptions tend to maximize estimates
of exposure, such as choosing a value near the high end of the concentration or intake range. Therefore,
the RME estimates tend to be at the high end of the exposure range, generally greater than the 90"
percentile of the population.

4.1.3.4 Assessment of Potential Lead Exposures

The potential hazard associated with lead exposure was evaluated by comparing the predicted blood-lead
concentrations to the CDC blood-lead threshold concentration. The threshold lead concentration is 10
pg/dL of whole blood based on potentially adverse neurological effects in children (CDC 2011). A blood-
lead concentration of less than 10 ug/dL was deemed acceptable. The USEPA’s (2009b) ALM model,
which estimates the blood-lead levels of workers and the fetus of a pregnant worker, was used to
evaluate the potential onsite exposure to lead in groundwater for the receptors evaluated.

4.2 Toxicity Assessment
The toxicity assessment identified toxicity values that relate exposure (dose) to potential risk or hazard for
each COPC. Toxicity values derived from dose-response data were combined with estimates of exposure

to characterize potential noncarcinogenic hazard and carcinogenic risk. Toxicity profiles were provided for
risk/hazard drivers and sulfolane. Selection of toxicity values followed the hierarchies described below.
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4.2.1 Noncarcinogenic Toxicity Values

Chronic and subchronic RfDs were used to evaluate potential adverse effects from ingestion, dermal and
inhalation (dust) exposures to noncarcinogenic COPCs. Chronic RfDs, which correspond to 7 or more
years of exposure, are specifically developed to be protective of long-term exposures to a constituent with
a considerable margin of safety, which usually exceeds 1,000-fold. The USEPA (1989) defines the
chronic RfD as “a daily exposure level for the human population, including sensitive subpopulations, that
is likely to be without an appreciable risk of deleterious effects during a lifetime.”

As described in detail in Appendix H, ARCADIS scientifically evaluated the existing RfDs and equivalent
toxicological reference values for sulfolane and derived chronic and subchronic RfDs per its best
professional judgment in accordance with USEPA guidance for evaluation of primary toxicology studies
(USEPA 2002d, 2003) and the derivation of RfDs (USEPA 1994, 2002e). Additional context for these
decisions is provided in Appendix K. For all other COPCs, the following sources were used to identify
chronic toxicological reference values:

USEPA (2012a) IRIS.

e USEPA PPRTVs, derived by the USEPA's Superfund Health Risk Technical Support Center for the
USEPA Superfund program. Current values were obtained directly from the USEPA.

o CalEPA reference exposure levels from the California OEHHA.

e ATSDR MRLs (ATSDR 2012) Chronic MRLs were used to evaluate chronic exposure.

USEPA (1997b) HEAST.

The USEPA (1989) defines exposures lasting between 2 weeks and 7 years as subchronic exposures. As
a result, the short-duration and intermittent nature of construction/trench worker and child and infant
exposures require consideration of subchronic toxicity values (subchronic RfDs) to estimate the potential
for effects. Subchronic RfDs are developed to be protective of subchronic exposures to constituents with
a considerable measure of safety, which usually exceeds 1,000-fold (USEPA 1989). Subchronic RfDs for
ingestion (oral) and inhalation (dust and vapor) exposure were identified from the following sources, in the
following order of priority, for constituents other than sulfolane:

e USEPA PPRTVs. Current values were obtained directly from the USEPA.

e ATSDR MRLs (ATSDR 2012). Intermediate MRLs were used to evaluate subchronic exposure.
e USEPA (1997b) HEAST.
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For the ARCADIS Comparative Scenario, subchronic RfDs, if available, were used to evaluate potential
exposures to onsite construction/trench workers and offsite infants given that the period of exposure for
these potential receptors is less than 7 years. If subchronic RfDs were unavailable, then only chronic
RfDs were used. Despite the 6 year exposure frequency of the child offsite resident, chronic RfDs were
used in the ARCADIS Comparative Scenario to evaluate potential exposures to this receptor. Refer to
Section 4.5 for a discussion of uncertainties related to the use of chronic values for the child receptor.

Current USEPA guidance recommends calculating a dermal RfD by multiplying the oral RfD by the
ABSGI. This recommendation requires one of the following:

e Acritical study upon which the toxicity value is based employed an administered dose (e.g., delivery
in diet or by gavage) in its design.

e A scientifically defensible database exists that demonstrates that the gastrointestinal absorption of
the constituent in question from a medium (e.g., water, feed) similar to the one employed in the
critical study is significantly less than 100 percent (e.g., less than 50 percent).

Values for ABSGI were obtained from RAGS (USEPA 2004a). Chronic and subchronic RfDs are
presented in Table 3-13.

4.2.2 Carcinogenic Toxicity Values

Oral CSFs and IUR factors were used to evaluate potential carcinogenic effects from ingestion, dermal
and inhalation exposures to COPCs. CSFs quantitatively describe the relationship between dose and
response. A CSF represents the 95% UCL of the slope of the dose-response curve and is derived using a
low-dose extrapolation procedure that assumes linearity at low doses. By applying a CSF to a particular
exposure level of a potential carcinogen, the upper bound lifetime probability of an individual developing
cancer related to that exposure can be estimated.

CSFs have been developed for the oral and inhalation (dust particulates) exposure routes; IURs have
been developed for the inhalation exposure route. CSFs for oral and IURs for inhalation exposures were
identified from the following sources, in the following descending order of priority:

e USEPA (2012a) IRIS.

e USEPA PPRTVs. Current values were obtained directly from the USEPA.
e CalEPA (2012) OEHHA Toxicity Criteria Database.

e USEPA (1997b) HEAST.
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As is the case for noncarcinogenic toxicity, the USEPA has not developed dermal CSFs for use in risk
assessment. Dermal CSFs were calculated in a manner similar to that of noncarcinogenic RfDs for
dermal exposure by dividing the oral CSFs by the ABSGI AF (USEPA 2004a). CSFs are presented in
Table 3-13.

4.2.3 Sulfolane Toxicity Values

Toxicity values for sulfolane are not presented in IRIS (USEPA 2012a). However, a PPRTV chronic oral
RfD of 0.001 mg/kg-day and a PPRTV subchronic oral RfD of 0.01 mg/kg-day have been prepared for
sulfolane (USEPA 2012b). The study and approach used to develop the oral RfDs were evaluated to
assess potential sulfolane exposures and hazards at the site. In addition, the studies and approaches
used by several other regulatory agencies to derive oral RfDs or Public Health Action Levels were
evaluated.

Based on a careful and extensive review of this information, ARCADIS derived and documented the
ARCADIS oral RfDs of 0.01 mg/kg-day (chronic) and 0.1 mg/kg-day (subchronic).

The ARCADIS evaluation is outlined in Appendix H with complete reference citations. As explained there,
the USEPA derived a PPRTYV for sulfolane using a no adverse effect level (NOAEL) approach rather than
deriving a benchmark dose as has been recommended in USEPA guidance (USEPA 2000a) since 2000
and is favored in the United States for derivation of toxicological reference values for HHRA. The USEPA
stated that a benchmark dose could not be derived from the sulfolane data because of a lack of “fit” of the
data. The USEPA did not explain why it did not proceed to log transform the data, a step that is
appropriately taken per USEPA guidance and practice. When the sulfolane data are log transformed, an
excellent “fit” is obtained. Therefore, using benchmark dose modeling in this situation is preferable to
using an NOAEL approach, because the model will allow the value to be informed more fully by the data
and by the inferences we can reasonably draw from the data. For this and other reasons, ARCADIS
disagreed with the science policy decisions made in deriving the sulfolane PPRTVs and derived
alternative RfDs

Appendix H also provides the reasons why the Public Health Action Levels derived by ATSDR (2010,
2011) were not meant to be used and should not be used to derive an oral RfD for sulfolane for use in an
HHRA.

In addition to evaluating sulfolane’s toxicological profile, ARCADIS has considered the analysis offered by
former USEPA official William Farland. Dr. Farland’s credentials and scientific evaluation of sulfolane are
contained in Appendix K. Dr. Farland has taken a holistic view of the available information about sulfolane
and has assessed its known toxicological profile.
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According to Dr. Farland, the sulfolane database has been evolving during the last three decades. Relatively
speaking, compared to other industrial chemicals encountered in the environment, the available data and
details of their generation are quite robust. A picture emerges of sulfolane as a minimally toxic chemical at
low levels in a variety of animal test systems. The effects seen at low doses represent subtle changes that
are generally considered to be of unclear toxicological significance and may represent reversible, “adaptive”
responses rather than precursors to toxicity. The recent assessments have illustrated the differences in
opinion and policy judgments that can arise when subtle effects with questionable toxicological significance
identify points of departure for risk assessment purposes. This lack of consensus on which study to use as
the “critical study” and the lack of a consistent method of assessment supports the argument that the
observations in these studies provide an uncertain basis for health risk assessment and provide “screening-
level values.”

The assessment activities discussed above have produced a provisional health guidance value (ATSDR)
and PPRTVs, including a provisional RfD (USEPA 2012b). It is important to remember that these RfD-
equivalent values are not a boundary between safety and risk. A variety of uncertainties are present when
extrapolating from such effects in animals to human populations and from partial lifetime studies in animals
to longer term potential exposures in humans. Many of these uncertainties are inherent in the policy choices
available to risk assessors and are compounded when multiple policy choices are chosen in a given
assessment, such as for sulfolane.

The ARCADIS Comparative Scenario risk assessment presents estimated hazards for potential sulfolane
exposures using the ARCADIS-derived oral RfDs for sulfolane (Appendices F and G).

4.2.4 Toxicity Equivalence Factors for Polynuclear Aromatic Hydrocarbons

As shown in Tables 3-2a and 3-2b, some carcinogenic PAHs have been identified as COPCs in soil.
Following ADEC (2010a) guidance, TEFs were used to assess risks to carcinogenic PAHs, including
benzo(a)pyrene, benz(a)anthracene, benzo(b)fluoranthene, benzo(k)fluoranthene, chrysene,
dibenz(a,h)anthracene and indeno(1,2,3-c,d)pyrene). TEFs were applied to EPCs of all carcinogenic
PAHs in surface and subsurface soil to equivalent concentrations of benzo(a)pyrene (USEPA 2011c) and
total risk was derived for the carcinogenic PAH COPCs. The assessment of potential exposures to other
PAHs also included PAHSs identified as COPCs in soil based on analytical data collected during the 2011
field season.

4.3 Risk Characterization — ARCADIS Comparative Scenario

This section presents the ARCADIS Comparative Scenario and provides estimated ELCRs and Hils for
potentially complete and significant exposure pathways identified in Section 4.1.1.4 for on- or offsite
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potential receptors, based on the ARCADIS-derived toxicity criteria for sulfolane and the exposure
parameters presented in Table 3-12.

4.3.1 Risk Characterization

The risk characterization integrates results of the data evaluation, exposure assessment and toxicity
assessment to evaluate potential risks associated with exposure to site COPCs. The basis for the risk
characterization is the quantitative evaluation of potential exposure by potential receptors to COPCs,
which consists of estimating carcinogenic risk and noncarcinogenic hazard. This quantitative evaluation of
risk and hazard generally provides a health-protective representation of the upper end (potentially highest
exposures) for a receptor. The quantitative methods used to calculate noncarcinogenic hazard and
carcinogenic risk are presented below. Consistent with USEPA (1989) guidance, the potential for
carcinogenic and noncarcinogenic risks were evaluated separately.

4.3.1.1 Carcinogenic Risk

For potential carcinogens, risk was estimated as the incremental probability of an individual developing
cancer during a lifetime as a result of RME to a potential carcinogen and was calculated as follows:

ELCR=LADDi x CSFi

Where:

ELCR = excess lifetime cancer risk (unitless)

LADD:i = lifetime average daily dose for the i th constituent (mg/kg BW-day)

CSFi = cancer slope factor for the i th constituent (mg/kg BW-day)‘1'
The CSF converts intake averaged over a lifetime of exposure to the incremental lifetime risk of an
individual developing cancer. This linear equation is only valid at low risk levels (i.e., below estimated
risks of one in 100) and is an upper-bound estimate based on the 95% UCL of the slope of the dose-
response curve. Therefore, the actual risk will be lower than the predicted risk. Potential risk was
assumed to be additive, and risks from different possible and probable carcinogens and pathways were
summed to evaluate the overall risk. Pathway-specific risks were calculated as the sum of risks from

potential carcinogenic COPCs within each exposure pathway, and the total ELCR for each receptor was
calculated by summing the risk estimates for the exposure pathways evaluated.
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For inhalation of COPCs, the following equation from USEPA (2009a) RAGS Part F was used to assess
ELCRs:

ELCR=LAEC *IUR
Where:
ELCR = excess lifetime cancer risk (unitless)

LAEC = lifetime average exposure concentration (pg/ms)

IUR = inhalation unit risk (ug/m®)”

Scientific notation was used to express potential carcinogenic risks. For example, a value of 1x10° is
equal to one in 1 million (or 0.000001). The ADEC (2010a) compares individual constituent risk estimates
to an acceptable cumulative ELCR of 1 x 10°° (1in 100,000. The acceptable cancer risk is the incremental
risk attributed to the estimated upper-bound exposure (i.e., RME) to COPCs at the site. This acceptable
risk is, by definition, independent of risks associated with non-site-related constituent exposures and
other background cancer risks (USEPA 1989). It is standard USEPA and ADEC practice, however, to
assess risks and hazards first with background constituents included and then discuss the risks in the
absence of the background impacts to inform the decision makers about the risks of site-related
constituents.

4.3.1.2 Noncarcinogenic Hazard
The HQ approach was used to characterize the overall potential for noncarcinogenic effects associated
with exposure to multiple constituents. This approach assumes that chronic exposures to multiple
constituents are additive. For direct-contact and inhalation of particulates exposures, the HQ was
calculated as follows:
HQ =ADD / RfD

Where:

HQ = hazard quotient (unitless)

ADD = average daily dose (mg/kg-day)

RfD = reference dose (mg/kg-day)”
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For inhalation of volatile COPCs, the following equation from USEPA (2009a) RAGS Part F was used to
assess noncancer hazards:

HQ = AEC/RfC
Where:
HQ = hazard quotient (unitless)
AEC = average exposure concentration (pg/cm3)
RfC = inhalation reference concentration (ug/cm®)”

The HQ represents the comparison of exposure (dose) over a specified period of time to an RfD for a
similar time period. The estimates of exposure (dose) were calculated based on chronic or subchronic
exposures. If the HQ exceeds a value of 1, there is a possibility of adverse health effects. The magnitude
of the HQ is not a mathematical prediction of the severity or incidence of the effects, but rather indicates
that effects may occur. The constituent HQs were summed to calculate an HI for a pathway or site, and
the USEPA (1989) recommends that the total HI for the constituents and pathways assessed not exceed
a value of 1. An HI of less than 1 indicates that adverse health effects are not likely to occur from
exposure to assessed constituents. HQs or Hls of greater than 1 do not indicate that significant risks are
present, but rather that additional evaluation may be required to better define the level of risk.

According to the USEPA (1989), noncarcinogenic effects should be evaluated based on target organ(s) or
toxicity endpoints. The USEPA believes that the assumption of dose additivity is one of the major
limitations of the HI approach because it may overestimate the potential for health effects that most likely
will not occur if the COPCs affect different organs or act by different mechanisms of action. The USEPA
counters the potential for overestimation by specifying segregation of COPCs by effect and mechanism of
action and derivation of separate Hls for each group (USEPA 1989). If the total HI exceeds a value of 1,
the specific substances will be evaluated so that only substances that affect similar target organs or
exhibit a similar mode of action (i.e., similar effects in the same target organs via the same mechanism)
are summed. Quantitative estimates of carcinogenic risk and noncarcinogenic hazard were presented for
each receptor.

4.3.1.3 Risk Characterization of Petroleum Hydrocarbon Compounds

In accordance with ADEC (2008b) Cumulative Risk Guidance, individual risks from exposure to GRO,
DRO and RRO were calculated using RfDs provided by ADEC (2010a). However, these risk calculations
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were not included in cumulative risk estimates. Consistent with ADEC (2008b) Cumulative Risk Guidance,
cumulative risks for each receptor were estimated using indicator constituents, as discussed below.

In general, quantitative risk calculated from individual petroleum constituents is considered adequate to
account for risk in cumulative risk calculations from petroleum mixtures (ADEC 2008b). The key
constituents of petroleum products associated with risk (e.g., PAHs, BTEX, methyl tertiary butyl ether) are
included in the quantitative cumulative risk calculations and should adequately describe human health
risk from exposure to site media.

4.3.2 Estimated Risks and Hazards for ARCADIS Comparative Scenario

For each total estimated ELCR and HlI, the primary exposure pathway and contributing COPC(s) are
indicated, as appropriate. This section presents ELCRs and Hls for potential onsite receptors (Section
4.3.2.1) and for potential offsite receptors (Section 4.3.2.2). For each potential receptor, ELCRs and/or His
are summarized based on possible exposure to maximum and/or 95% UCL-based EPC COPC
concentrations. Appendices D and E present complete risk calculations for ELCRs and Hls based on
maximum (onsite construction/trench worker and recreational user exposures only) and 95% UCL COPC
concentrations, respectively.

Summaries of the cumulative ELCRs and estimated Hls for the receptors evaluated under the ARCADIS
Comparative Scenario are presented in the following tables:

e Tables 4-1 and 4-2 present the ELCR and HI summaries for on and offsite receptors using the
maximum detected on and offsite values and the 95% UCL on and offsite values, respectively.

e Tables 4-1, 4-3a and 4-4a present ELCR and HI summaries for potential on and offsite receptors
based on maximum COPC concentrations for all wells in each EU (including EU-1 because the

maximum for all offsite wells is located in this EU).

e Table 4-2 presents ELCR and HI summaries for potential on and offsite receptors at EU-1 based on
95% UCL EPCs.

e Table 4-3a presents ELCR and HI summaries for offsite receptors based on maximum COPC
concentrations at EU-2 wells.

e Table 4-4a presents ELCR and HI summaries for offsite receptors based on maximum COPC
concentrations at EU-3 wells.
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The ARCADIS Comparative scenario risk calculations are presented in Appendix D (maximum
concentrations) and Appendix E (95% UCL EPCs).

The total estimated ELCRs presented in Tables 4-1 through 4-4b include arsenic as a soil COPC (arsenic
was excluded as a COPC in groundwater). Based on an evaluation of arsenic in soil samples at the site,
the presence of arsenic is due to background concentrations. Detected concentrations of arsenic in soil
samples collected at the site are evaluated in the 2012 Revised Site Characterization Report (Barr 2012).
This evaluation compared site arsenic concentrations to background studies collected in Alaska and
evaluated the spatial distribution of arsenic with respect to site operations and other COPCs. The results
of the evaluation concluded that the presence of arsenic in soil does not appear to be associated with
refinery operations and is likely a result of background concentrations.

4.3.2.1 Estimated Risks and Hazards for Potential Onsite Receptors

Potential onsite receptors evaluated include current and future indoor and outdoor commercial workers,
construction/trench workers and adult visitors. The ARCADIS-derived oral RfD was used to evaluate
potential sulfolane exposures. The maximum onsite concentration of sulfolane in groundwater detected
above the laboratory reporting limit between 2009 and 2011 is 10.4 mg/L. Estimated risks and hazards for
the onsite receptors using maximum detected concentrations and 95% UCLs as EPCs are summarized in
Table 4-1 and Table 4-2, respectively.

4.3.2.1.1 Onsite Indoor Commercial/Industrial Workers

Table D-25 (Appendix D) presents the estimated ELCRs and Hls for indoor commercial/industrial workers,
based on exposures to maximum detected COPC concentrations in groundwater. Inhalation of VOCs in
indoor air from groundwater is the primary exposure pathway for these potential receptors (see Table 4-1).
The total estimated ELCR is 1 x 10° and the total estimated Hl is 0.2.

Table E-23 (Appendix E) presents the estimated ELCRs and Hls for indoor commercial/industrial workers,
based on exposures to 95% UCLs of detected COPC concentrations in groundwater. Inhalation of VOCs in
indoor air from groundwater is the primary exposure pathway for these potential receptors (see Table 4-2).
The total estimated ELCR is 1 x 10 and the total estimated Hl is 0.02.

4.3.2.1.2 Onsite Outdoor Commercial/Industrial Workers
Table D-26 (Appendix D) presents the estimated ELCRs and Hls for outdoor commercial/industrial workers,
assuming potential exposure to 95% UCLs of COPC concentrations in surface soil. Table D-26 also shows

estimated ELCRs and Hls based on direct-contact exposures, including ingestion of, dermal contact with
and inhalation of dust particles from surface soil. The total estimated ELCR is 5 x 10 and the total

g:\common\data\projects\koch\north pole\hhra\may 2012 draft\fhra_npr_ revised draft final hhra 20120523.doc

102



Revised Draft Final Human

@ ARCADlS Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

estimated Hl is 0.05 (see Table 4-1). Soil ingestion contributes most to the total estimated ELCR and Hls.
Arsenic is the primary risk and hazard driver. Excluding the estimated arsenic ELCR and HI, which are likely
due to background, the total estimated ELCR is 2 x 107 and the total estimated HI is 0.03 (see Table D-26).

4.3.2.1.3 Onsite Construction/Trench Workers

The ARCADIS-derived subchronic oral RfD for sulfolane was used to estimate potential construction/ trench
worker hazards in the ARCADIS Comparative Scenario. Table 4-1 and Table D-27a (Appendix D) present
the estimated ELCRs and Hls for construction/trench workers based on potential exposures to maximum
COPC concentrations in surface and subsurface soil, assuming direct-contact exposures including
ingestion, dermal contact and inhalation of dust particles. The total estimated ELCR associated with
potential exposure to COPCs in soil is 1 x 10 and the total estimated Hl is 0.3. The soil ingestion pathway
contributes most to the total soil-related estimated ELCR and HI. Excluding the estimated arsenic ELCR,
which is likely based on background, the total estimated ELCR is 3 x 107 and the total estimated Hl is 0.3.

Table 4-1 and Table D-27b (Appendix D) present ELCRs and Hls based on incidental ingestion of and
dermal contact with groundwater in an onsite excavation trench, and inhalation of VOCs within trench air
from groundwater based on maximum COPC concentrations in groundwater. The total estimated ELCR is 3
x 10™ and the total estimated Hl is 49. Inhalation of VOCs in the trench air is the exposure pathway that
contributes most to the cumulative ELCR and Hls. Benzene, naphthalene and ethylbenzene (as estimated
in trench air from groundwater) are the primary risk drivers for the total ELCR. Benzene, naphthalene,
xylenes and 1,3,5-trimethylbenzene are the risk drivers for the HI.

Table 4-2 and Table E-25a (Appendix E) present the estimated ELCRs and Hls for construction/trench
workers based on 95% UCL COPC concentrations and direct-contact exposures including ingestion of,
dermal contact with and inhalation of dust particles in surface and subsurface soil. The total soil-related
estimated ELCR is 3 x 107 and the total soil-related estimated Hl is 0.06. Soil ingestion contributes most to
the total estimated ELCR and Hls. Excluding the estimated arsenic ELCR and HI, which are likely based on
background, the total estimated ELCR is 2 x 10® and the total estimated Hl is 0.05.

Table 4-2 and Table E-25b (Appendix E) present ELCRs and Hls based on incidental ingestion of and
dermal contact with groundwater in an onsite excavation trench and inhalation of VOCs within trench air
from groundwater based on 95% UCL COPC concentrations. The total estimated ELCR is 3 x 10” and the
total estimated HI is 9. Inhalation of VOCs in the trench air contributes most to ELCR and Hls. Benzene is
the primary risk driver for ELCRs and benzene and naphthalene are the primary risk drivers for Hls.

4.3.2.1.4 Onsite Adult Visitors
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Table 4-1 and Table D-28 (Appendix D) present the estimated ELCRs and Hils for adult visitors based on
maximum COPC concentrations in onsite groundwater. Inhalation of VOCs in indoor air from groundwater is
the primary exposure pathway for these potential receptors. The total estimated ELCR is 2 x 10”7 and the
total estimated HI is 0.002.

Table 4-2 and Table E-26 (Appendix E) present the estimated ELCRs and Hls for adult visitors based on
95% UCL COPC concentrations in onsite groundwater. Inhalation of VOCs in indoor air from groundwater is
the primary exposure pathway for these potential receptors. The total estimated ELCR is 1 x 10® and the
total estimated HI is 0.0002.

4.3.2.2 Estimated Risks and Hazards for Potential Offsite Receptors

In the ARCADIS Comparative Scenario, potential offsite receptors evaluated include current and future
residents; adults (chronic exposures), children (chronic exposures) and infants (subchronic exposures);
indoor and outdoor commercial workers (chronic exposures); and construction/trench workers (subchronic
exposures). The estimated risks and hazards for offsite receptors using maximum detected concentrations
and 95% UCLs as EPCs are summarized in Table 4-1 and Table 4-2, respectively.

4.3.2.2.1 Offsite Adult, Child and Infant Residents

Table 4-1 and Tables D-29a and D-30a (Appendix D) present the estimated ELCRs and Hls for offsite adult
and child residents, assuming potential exposure to 95% UCL COPC concentrations in ambient air from
onsite surface soil (based on 95% UCL concentrations) using the ARCADIS-derived chronic oral RfD for
sulfolane. The total estimated ELCRs for adult and child residents are 4 x 10® and 9 x 10'9, respectively,
and the total estimated Hls are both 0.001. Excluding arsenic in soil and the estimated arsenic ELCRs and
Hls, which is likely due to background, the total estimated ELCRs for adult and child residents are 4 x 10°®
and 8 x 10, respectively, and the total estimated Hls are both 0.0009 (see Table D-5a [Appendix D] for
adult resident and Table D-6a for child resident). Table D-31a presents the estimated ELCR and Hl for
offsite infant residents, assuming potential exposure to 95% UCL COPC concentrations in ambient air from
onsite surface soil using the USEPA (2012b) subchronic ARCADIS-derived oral RfD for sulfolane. The total
estimated ELCR for infant residents is 1 x 10 and the total estimated Hl is 0.0007. Excluding the estimated
arsenic ELCR and HlI, which is likely due to background, the total estimated ELCR for infant residents is 1 x
10 and the total estimated Hl is 0.0005.

Table 4-1 and Tables D-29b, D-30b and D-31b (Appendix D) show Hls based on ingestion of the maximum
detected concentration of sulfolane in groundwater (i.e., tapwater), applied across the entire offsite area
(which also includes EU-1 because the maximum value occurs in this EU), for adults (chronic exposures;
Table D-29b), children (chronic exposures; Table D-30b) and infants (subchronic exposures; Table D-31b),
respectively. Tables D-29c, D-30c and D-31c present the HIs associated with ingestion of homegrown
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produce irrigated with sulfolane-impacted groundwater (maximum detected concentration) for adults
(chronic exposures; Table D-29c), children (chronic exposures; Table D-30c) and infants (subchronic
exposures; Table D-31c), respectively. Tables D-35 and D-36 present the Hls associated with ingestion of
surface water (maximum detected concentration) for adults (chronic exposures; Table D-35) and children
(chronic exposures; Table D-36).

As shown in Table 4-1 and Tables D-29b, D-30b and D-31b (Appendix D), using the ARCADIS-derived oral
RfDs for sulfolane and the maximum concentration detected in offsite groundwater, the total estimated Hls
associated with ingestion of groundwater are 1.2 for adult residents (chronic exposure; Table D-29b), 2.8 for
child residents (chronic exposure; Table D-30b) and 0.7 for infant residents (subchronic exposure; Table D-
31b), respectively, based on ingestion of tapwater. Table 4-1 and Tables D-29¢, D-30c and D-31c present
the total estimated Hls associated with ingestion of homegrown produce, including an HI of 0.08 for adult
residents (chronic exposure; Table D-29c), 0.2 for child residents (chronic exposure; Table D-30c) and 0.03
for infant residents (subchronic exposure; Table D-31c), respectively. These Hls are based on ingestion of
homegrown produce using the ARCADIS oral RfDs for sulfolane, along with the maximum detected offsite
sulfolane concentration, a BCF of 1.0 and the 95" percentile per capita produce ingestion rates. As shown
in Table 4-1 and Tables D-35 and D-36 (Appendix D), using the ARCADIS oral RfDs for sulfolane and the
maximum concentration EPC, the total estimated Hls associated with ingestion of surface-water are 0.003
for adult residents (chronic exposure; Table D-35) and 0.02 for child residents (chronic exposure; Table D-
36). The surface-water Hils for this receptor group are the same for each EU (Table 4-2, Table 4-3a and
Table 4-4a).

Table 4-1 presents the cumulative His for this receptor group for all exposure pathways combined based on
maximum EPCs which are 1.3 for adult residents, 3.1 for child residents (chronic exposure), and 0.7 for
infant residents (subchronic exposure). Table 4-2 also presents the cumulative ELCRs for this receptor
group for all exposure pathways combined based on maximum EPCs which are 4 x 10™® for adult residents,
9 x 10 for child residents (chronic exposure), and 1x 10” for infant residents (subchronic exposure).

Table 4-2 and Tables E-27a, E-28a and E-29a (Appendix E) present the estimated ELCRs and Hls for
adults, children (chronic) and infant (subchronic) residents, respectively, based on inhalation of fugitive
windborne dust or vapors from onsite COPCs in surface soil, assuming 95% UCL COPC concentrations. As
shown in Table E-27a the total estimated ELCR is 4 x 10°® and the total estimated Hl is 0.001 for adult
residents (chronic expo sure). For a child resident (chronic exposure), the total estimated ELCR is 9 x 10
and the total estimated HI is 0.001 (Table E-28a). The total estimated ELCR is 1 x 10 and the total
estimated Hl is 0.0007 for the infant resident (subchronic exposure; Table E-29a).

Assuming the 95% UCL concentration for sulfolane in EU-1, Table 4-2 and Tables E-27b, E-28b and E-29b

in Appendix E) show estimated Hls based on ingestion of 95% UCL sulfolane concentrations in groundwater
(i.e., tapwater) at EU-1 by resident receptors. Using the ARCADIS oral RfDs for sulfolane, the estimated Hls
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associated with ingestion of water are 0.5 for the adult resident (chronic exposure; Table E-27b), 1.1 for child
resident (chronic exposure; Table E-28b) and 0.3 for infant resident (subchronic exposure; Table E-29b).
Tables E-27c, E-28c and E-29c present the total estimated Hls associated with consumption of homegrown
produce irrigated with water containing sulfolane in EU-1. The Hls are 0.03 for adult residents (chronic
exposure), 0.09 for child residents (chronic exposure) and 0.01 for an infant resident (subchronic exposure),
using the ARCADIS oral RfDs for sulfolane, along with a BCF of 1.0, and the 95™ percentile per capita
produce ingestion rates.

Table 4-3a and Tables D-37a, D-38b, D-39a, D-37b, D-38a and D-39b (Appendix D) present HIs based on
ingestion of the maximum sulfolane concentration in groundwater (i.e., tapwater) within EU-2 for resident
receptors. Using the ARCADIS oral RfDs for sulfolane, the total estimated Hls associated with ingesting
tapwater containing maximum sulfolane concentrations in EU-2 are 0.4 for an adult resident (chronic
exposure; Table D-37a), 0.9 for a child resident (chronic exposure; Table D-38a) and 0.2 for an infant
resident (subchronic exposure; Table D-39a). In addition, Table 4-3a presents Hls associated with
consumption of homegrown produce irrigated with groundwater containing the maximum sulfolane
concentrations at EU-2. The estimated Hls for consumption of homegrown produce irrigated with water from
EU-2 are 0.03 for an adult resident (chronic exposure; Table D-37b), 0.08 for a child resident (chronic
exposure; Table D-38b) and 0.01 for an infant resident (subchronic exposure; Table D-38b), using the
ARCADIS oral RfDs for sulfolane, along with a BCF of 1.0, and the 95" percentile per capita produce
ingestion rates.

Table 4-3b and Tables E-33a, E-34a and E-35a (Appendix E) present Hls based on ingestion of the 95%
UCL sulfolane concentration in groundwater (i.e., tapwater) within EU-2 for resident receptors. Using the
ARCADIS oral RfDs for sulfolane, the total estimated Hls associated with ingesting tapwater containing
sulfolane in EU-2 are 0.2 for an adult resident (chronic exposure; Table E-33a), 0.4 for a child resident
(chronic exposure; Table E-34a) and 0.09 for an infant resident (subchronic exposure; Table E-35a). In
addition, Table 4-3b and Tables E-33b, E-34b and E-35b (Appendix E) present Hls associated with
consumption of homegrown produce irrigated with sulfolane-impacted groundwater at EU-2. The total
estimated Hls for consumption of homegrown produce irrigated with water from EU-2 are 0.01 for an adult
resident (chronic exposure; Table E-33b), 0.03 for a child resident (chronic exposure; Table E-34b) and
0.004 for an infant resident (subchronic exposure; Table E-35b) respectively, using the ARCADIS-derived
oral RfDs for sulfolane, along with a BCF of 1.0, and the 95" percentile per capita produce ingestion rates.

Table 4-4a and Tables D-43a, D-44a and D-45a (Appendix D) show the estimated Hls based on ingestion of
the maximum sulfolane concentration in groundwater (i.e., tapwater) within EU-3 by resident receptors.
Using the ARCADIS oral RfDs for sulfolane, the estimated Hls associated with ingestion of tapwater are 0.2
for an adult resident (chronic exposure; Table D-43a), 0.5 for a child resident (chronic exposure; Table D-
44a) and 0.1 for an infant resident (subchronic exposure; Table D-45a). In addition to a drinking water
scenario, Table 4-4a and Tables D-43b, D-44b and D-45b (Appendix D) present the Hls associated with
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consumption of homegrown produce irrigated with the maximum detected sulfolane concentration in
groundwater in EU-3. The estimated Hls for consumption of homegrown produce are 0.01 for an adult
resident (chronic exposure; Table D-43b), 0.04 for a child resident (chronic exposure; Table D-44b) and
0.006 for an infant resident (subchronic exposure; Table D-45b), using the ARCADIS oral RfDs for sulfolane,
along with a BCF of 1.0, and the 95" percentile per capita produce ingestion rates.

Table 4-4b and Tables E-39a, E-40a and E-41a (Appendix E) show the estimated Hls based on ingestion of
the 95% UCL sulfolane concentration in groundwater (i.e., tapwater) within EU-3 by resident receptors.
Using the ARCADIS-derived oral RfDs for sulfolane, the estimated Hls associated with ingestion of tapwater
are 0.03 for an adult resident (chronic exposure; Table E-39a), 0.07 for a child resident (chronic exposure;
Table E-40a) and 0.02 for an infant resident (subchronic exposure; Table E-41a). In addition to a drinking
water scenario, Table 4-4b and Tables E-39b, E-40b and E-41b (Appendix E) present the Hls associated
with ingestion consumption of homegrown produce irrigated with sulfolane-impacted groundwater in EU-3.
The estimated Hls for consumption of homegrown produce are 0.002 for an adult resident (Table E-39b),
0.005 for a child resident (chronic exposure; Table E-40b) and 0.0007 for an infant resident (subchronic
exposure; Table E-41b), using the ARCADIS oral RfDs for sulfolane, along with a BCF of 1.0, and the 95"
percentile per capita produce ingestion rates.

4.3.2.2.2 Offsite Indoor Commercial Workers

Table 4-1 and Table D-32 (Appendix D) show the HI based on ingestion of groundwater (i.e., tapwater),
assuming the maximum offsite sulfolane concentration and the ARCADIS oral RfD for sulfolane. The total
estimated Hl is 0.9 for offsite indoor commercial/industrial workers (chronic exposure) based solely on
ingestion of tapwater containing sulfolane (see Table D-32 [Appendix D]).

Table 4-2 and Table E-30 (Appendix E) show the HI based on ingestion of groundwater (i.e., tapwater),
assuming the 95% UCL offsite sulfolane concentration for EU-1 and the ARCADIS oral RfD for sulfolane.
The total estimated Hl is 0.3 for offsite indoor commercial/industrial workers (chronic exposure) based solely
on ingestion of tapwater containing sulfolane (see Table E-30 [Appendix E]).

At EU-2, two sulfolane groundwater EPCs were used to estimate potential hazards associated with
ingestion of groundwater by offsite indoor commercial/industrial workers (chronic exposure). Using the
maximum detected offsite sulfolane concentration at EU-2, the estimated Hl is 0.3 (Table 4-3a).
Comparatively, the HI based on the 95% UCL sulfolane concentration at EU-2 is 0.1. Both HIs were derived
using the ARCADIS oral RfD for sulfolane (see Table D-40 [Appendix D] for maximum EPC and Table E-36
[Appendix E] for 95%UCL). Similarly, two sulfolane groundwater EPCs were used to estimate potential
hazards associated with ingestion by offsite indoor commercial/industrial workers (chronic exposure) at EU-
3. Table 4-4a shows the HI based on ingestion of groundwater (i.e., tapwater), assuming the maximum
offsite sulfolane concentration at EU-3 and Table 4-4b shows the corresponding HI based the 95% UCL
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offsite sulfolane concentration at EU-3. Both HIs were derived using the ARCADIS oral RfD for sulfolane.
Using the maximum detected sulfolane concentration at EU-3, the estimated Hl is 0.2; the estimated HI is
0.02 for offsite indoor commercial/industrial workers (chronic exposure) based on the 95% UCL
groundwater concentration at EU-3 (see Table D-46 [Appendix D] and Table E-42 [Appendix E],
respectively).

4.3.2.2.3 Offsite Outdoor Commercial Workers

Table 4-1 presents the estimated ELCRs and Hls for offsite outdoor commercial workers potentially
exposed via inhalation of dust particles from onsite surface soil (0 to 2 feet bgs), using 95% UCL COPC
concentrations in onsite surface soil. The total estimated ELCR is 2 x 10°® and the total estimated HI is
0.0006 (see Table D-33a [Appendix D]). Excluding the estimated arsenic concentrations in surface soil and
HI, which are likely attributable to background, the total estimated ELCR is 2 x 10 and the total estimated
Hl is 0.0006 (Table D-9a). Table 4-1 also shows the HI for this receptor assuming ingestion of groundwater
(i.e., tapwater) and assuming the maximum offsite sulfolane concentration. The estimated Hl is 0.9 for
offsite outdoor commercial/industrial workers, based on ingestion of tapwater (see Table D-33b [Appendix
D)).

Table E-31a [Appendix E] shows ELCRs and Hls based on inhalation of fugitive windborne dust and
vapors from onsite COPCs in surface soil, based on 95% UCL COPC concentrations and the ARCADIS
oral RfD for sulfolane. It was assumed that the offsite outdoor commercial worker (chronic exposure) is
located at the site boundary; therefore, the estimated ELCRs and Hls will over estimate risk for many offsite
commercial worker, based on inhalation of dust and vapors from the site. As shown in Table E-31a
[Appendix E], the total estimated ELCR is 2 x 10°® and the total estimated Hl is 0.0006, based on inhalation
of dust and vapors in ambient air.

Assuming the 95% UCL and ARCADIS oral RfD for sulfolane in EU-1, the total estimated Hl is 0.3 for offsite
outdoor commercial/industrial workers (chronic exposure), based on ingestion of groundwater (see Table 4-
2 and Table E-31 [Appendix E]).

At EU-2, two sulfolane groundwater EPCs were used to estimate potential hazards associated with
ingestion of groundwater: the maximum detected concentration of sulfolane and the 95% UCL of the mean
sulfolane concentrations. Using the maximum detected concentration in groundwater at EU-2, the estimated
Hl is 0.3 for offsite outdoor commercial/industrial workers (chronic exposure) based on ingestion of
groundwater (see Table 4-3a and Table D-41 [Appendix D]). Using the 95% UCL sulfolane concentration,
the total estimated Hl is 0.1 for offsite outdoor commercial/industrial workers at EU-2, based on ingestion of
tapwater (chronic exposure; see Table 4-3b and Table E-37 [Appendix E]). Both hazard estimates used the
ARCADIS oral RfD for sulfolane.
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Similarly, at EU-3, the 95% UCL and maximum sulfolane groundwater concentrations were both evaluated
as distinct EPCs to estimate potential hazards associated with ingestion of groundwater by offsite
commercial/industrial workers. Using the maximum sulfolane concentration at EU-3, the estimated Hl is 0.2
(Table 4-4a and Table D-47 [Appendix D]). Using the 95% UCL sulfolane concentration, the estimated Hl is
0.02 for offsite outdoor commercial/industrial workers at EU-3 (see Table 4-4b and Table E-43 [Appendix
E]). Both hazard estimates are used the ARCADIS oral RfD for sulfolane.

4.3.2.2.4 Offsite Construction/Trench Workers

The estimated Hls for an offsite construction worker who is potentially exposed to maximum sulfolane
concentrations by incidental ingestion of sulfolane in offsite groundwater in excavation trenches is 0.00008
(see Table 4-1 and Table D-34 [Appendix D]). This exposure is subchronic and the Hl is derived
assuming the maximum offsite sulfolane concentration and using the ARCADIS subchronic oral RfD for
sulfolane. As discussed in Section 3.1.1.4, sulfolane is not considered to pose adverse health effects due
to inhalation and dermal contact exposures. The total estimated HI is 0.00008 for offsite construction
workers, based on incidental ingestion of groundwater while working in trenches.

Tables 4-2, 4-3b and 4-4b show the Hls for potential exposures by the construction worker (subchronic
exposure) based on 95% UCL sulfolane concentrations for incidental ingestion of sulfolane in offsite
groundwater in excavation trenches in EU-1, EU-2 and EU-3, respectively. The estimated Hls for offsite
construction workers, which are based on the ARCADIS subchronic oral RfD for potential groundwater
ingestion exposures of groundwater while working in trenches, and 95%UCL sulfolane concentrations, are
0.00003, 0.00001 and 0.000002 in EU-1, EU-2 and EU-3, respectively (see Tables E-32, E-38 and E-44
[Appendix E] for the hazard calculations for this receptor in EU-1, EU-2 and EU-3, respectively). Tables 4-3a
and 4-4a show the corresponding Hls for this receptor group based on the maximum sulfolane groundwater
concentrations at EU-2 and EU-3, respectively. The estimated Hls for offsite construction workers exposed
to maximum groundwater concentrations at EU-2 and EU-3 are 0.00003 and 0.00001, respectively (see
Tables D-42 and D-48 [Appendix D]).

4.3.2.2.5 Offsite Adult and Child Recreational Users

Table 4-1 and Tables D-35 and D-36 (Appendix D) show the estimated Hls for offsite adult and child (aged 1
to 6 years) recreational users (i.e., swimmer who may be exposed by incidental, ingestion of sulfolane in
surface water), assuming the maximum offsite sulfolane concentration in pore water and the ARCADIS
chronic oral RfD for sulfolane. The total estimated Hls are 0.003 and 0.02 for offsite adult (chronic
exposure) and child recreational users (chronic exposure), respectively.
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4.3.3 Conclusions for ARCADIS Comparative Scenario

Table 4-1 presents the estimated ELCRs and Hls using maximum COPC concentrations in onsite
subsurface soil, maximum onsite COPC surface soil and groundwater concentrations, maximum offsite
groundwater concentrations of sulfolane, and the ARCADIS oral RfDs for sulfolane. The estimated Hls are
below the target HI of 1 for the onsite commercial/industrial worker, onsite commercial/industrial outdoor
worker, onsite visitor, offsite indoor and outdoor commercial workers, off-site construction/trench workers,
and offsite adult and child recreators. The estimated Hls exceed the target Hl of 1 for onsite
construction/trench workers, and offsite adult and child residents. The Hl is equal to 49 for onsite
construction workers based on inhalation of volatile COPCs in trench air from groundwater. Benzene,
naphthalene, xylenes and 1,3,5-trimethyl benzene are the hazard drivers in the construction worker
inhalation scenario. For offsite adult and child resident receptors, the Hls are equal to 1.3 and 3.1,
respectively.

As shown in Table 4-2, using the 95% UCL COPC sulfolane concentrations in EU-1, the Hls and ELCRs for
offsite construction workers, offsite adult and infant residents (subchronic exposure); and offsite indoor and
outdoor commercial workers, and offsite recreators are below the target levels. Assuming the 95% UCL
concentration for sulfolane in EU-1, the estimated Hls associated with ingestion of water is 1.1 for a child
resident (chronic exposure; Table E-28b).

Table 4-3a presents the estimated ELCRs and Hls using the maximum COPC sulfolane concentrations in
EU-2. Under the ARCADIS Comparative Scenario using maximum COPC concentrations in EU-2, the Hls
and ELCRs for offsite construction workers, offsite adult, child (chronic exposure) and infant residents
(subchronic exposure); and offsite indoor and outdoor commercial workers, and offsite recreators are below
the target levels.

As shown in Table 4-3b, using the 95% UCL COPC sulfolane concentrations in EU-2, the HIs and ELCRs
for offsite construction workers, offsite adult, child (chronic exposure) and infant residents (subchronic
exposure); and offsite indoor and outdoor commercial workers, and offsite recreators are below the target
levels.

Table 4-4a presents the estimated ELCRs and Hls using the maximum COPC sulfolane concentrations in
EU-2. Under the ARCADIS Comparative Scenario using maximum COPC concentrations in EU-3, the Hls
and ELCRs for offsite construction workers, offsite adult, child (chronic exposure) and infant residents
(subchronic exposure); and offsite indoor and outdoor commercial workers, and offsite recreators are below
the target levels.

As shown in Table 4-4b, using the 95% UCL COPC sulfolane concentrations in EU-3, the HIls and ELCRs
for offsite construction workers, offsite adult, child (chronic exposure) and infant residents (subchronic
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exposure); and offsite indoor and outdoor commercial workers, and offsite recreators are below the target
levels.

4.4 Evaluation of Potential Exposures to Lead in Onsite Groundwater

The USEPA'’s (2009b) ALM was used to evaluate current and future onsite outdoor commercial/industrial
workers and construction/trench workers potentially exposed to lead in onsite groundwater. The maximum
concentration of lead detected above the laboratory reporting limit in onsite groundwater is 2.05 ug/L. The
USEPA'’s threshold lead concentration of 10 pg/dL of whole blood is based on potentially adverse
neurological effects in children (CDC 2011). The 95" percentile PbB among fetuses of onsite adult
workers, assuming potential exposure to the maximum detected concentration in onsite groundwater, was
calculated using the ALM (USEPA 2009b). Using the groundwater ingestion rates and exposure
frequencies for current and future onsite outdoor commercial/industrial workers and construction/trench
workers presented in Table 3-12, the calculated probabilities that fetal PbBs are greater than10 ug/dL are
0.005 and 0.002%, respectively. Thus, potential exposures to lead in groundwater at the site are below
the regulatory level of concern and are not expected to pose adverse health effects to current and future
onsite outdoor commercial/industrial workers and construction/trench workers. The Calculations of Blood
Lead Concentrations spreadsheet is provided in Appendix I.

Based on the results of the ALM (USEPA 2009b), the maximum detected concentration of lead in onsite
groundwater is not expected to pose adverse health effects to current and future onsite outdoor
commercial/industrial workers or construction/trench workers.

4.5 Uncertainty Assessment — ARCADIS Scenario

Each exposure parameter value and toxicity value incorporated into the HHRA is associated with some
degree of uncertainty; these uncertainties may contribute to an overestimation or underestimation of risks
at the site (ADEC 2011c). Therefore, key uncertainties associated with each HHRA component (i.e., data
evaluation, COPC selection, toxicity assessment, exposure assessment and risk/hazard characterization)
were evaluated in the following subsections. In particular, separate analyses were conducted to assess
uncertainties related to oral RfDs for sulfolane, BCFs used for plant uptake of sulfolane into homegrown
produce, homegrown fruit and vegetable ingestion rates, and exposure assumptions for contact with
surface water. To allow a direct comparison illustrating the effect of the toxicity value selection, the
ARCADIS Comparative Scenario in Section 4 has been presented with all the exposure parameters
requested and approved by ADEC. For further comparison, ARCADIS also has evaluated risk for all
receptors based on the ARCADIS-derived toxicity value and the exposure parameters that ARCADIS
selected after its literature and data review. These results are presented in Tables4-5 through 4-9 and
addressed throughout this Uncertainty Section. Wherever presented, these results are referred to as the
“ARCADIS Scenario.”
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It is ARCADIS’ expert scientific opinion that this Scenario is health protective and reflects the use of
supportable science policy decisions that are consistent with USEPA guidance and current risk
assessment practices.

451 Data Evaluation

Soil and onsite groundwater samples were analyzed for a large suite of constituents from multiple samples
collected throughout the site over time. These samples were analyzed using accepted analytical
methodologies. It is unlikely that constituents were overlooked or underestimated by the analytical methods
employed. The laboratory data used for soil sulfolane analyses in 2010 and 2011 was not final at the time,
but the analytical results have been validated with an approved method.

The release-related constituents detected in soil (e.g., BTEX) were measured in more than 250 soil
samples, of which 88 were surface soil samples. The large data set provides high confidence in the 95%
UCL on the mean concentrations and in the representativeness of the use of this statistic for EPCs.

A large number of samples of key constituents detected at the site are available for use in the data
evaluation. For example, for sulfolane in offsite groundwater, more than 429 samples were grouped by
concentration ranges with each range having a high number of samples to represent that zone (i.e., 105
samples in the greater than 100 ug/L EU, 72 samples in the greater than 25 pg/L EU and 252 samples in the
EU with detections up to 25 pg/L). The number of samples increases the representativeness of the EPCs
based on these groupings of data and it is unlikely that the EPC based on the 95% UCL on the mean
concentration underestimates potential exposures to sulfolane given the number of samples. The maximum
detected concentration of sulfolane (443 ug/L) is 1.4 times higher than the next highest detection of
sulfolane in offsite wells and 3 times greater than the 95% UCL on the mean concentration for the greater
than 100 pg/L EU. The ARCADIS Scenario presented in this Uncertainty Section evaluates potential
exposures to COPCs in groundwater over each EU using 95% UCL concentrations.

Data for onsite wells with multiple sampling rounds were averaged together and these temporal average well
concentrations were grouped to calculate 95% UCL concentrations on the mean. Each temporal average
concentration represents multiple sampling events and provides a reliable measure of constituent
concentrations in that well. Grouping the data by well to estimate EPCs reduced the number of samples
upon which the statistical analysis could be based. Where too few wells were available to reliably estimate
95% UCL values, the highest temporal well average was used to represent the EPC, which is an
overestimate of potential exposure.
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4.5.2 Constituent of Potential Concern Selection

COPCs were selected from a list of COls known or suspected to have been used at the site. The
approaches used to characterize the site were intended to identify the COPCs in environmental media
associated with current and historical site operations. Sampling events were sequentially conducted based
on the knowledge obtained from past sampling events. It is likely that these events identified the majority of
areas with residual COPCs. While it is possible that some substances may have been omitted, the
probability of those substances being important in driving risk is expected to be low. The suite of analyses
that was selected represents those constituents that would most likely result from site operations and are
therefore the most relevant and appropriate constituents for estimating risks and hazards. Note that
analyses of isopropanol and propylene glycol were inadvertently missed during recent groundwater
sampling events. Although the potential presence of these constituents is not expected to change the
outcome of the risk evaluation, these COPCs will be evaluated once data have been collected.

453 Toxicity Assessment

Dose-response values are sometimes based on limited toxicological data. For this reason, a margin of
safety is built into estimates of both carcinogenic and noncarcinogenic risk, and actual risks are lower
than those estimated. The two major areas of uncertainty introduced in the dose-response assessment
are: (1) animal to human extrapolation and (2) high to low dose extrapolation. These are discussed
below.

Human dose-response values are often extrapolated, or estimated, using the results of animal studies.
Extrapolation from animals to humans introduces a great deal of uncertainty in the risk assessment
because in most instances, it is not known how differently a human may react to the constituent compared
to the animal species used to test the constituent. The procedures used to extrapolate from animals to
humans involve conservative assumptions and incorporate several uncertainty factors that overestimate
the potential adverse effects associated with a specific dose. As a result, overestimation of the potential
for adverse effects to humans is more likely than underestimation.

Predicting potential health effects from exposure to media containing COPCs requires the use of models
to extrapolate the observed health effects from the high doses used in laboratory studies to the
anticipated human health effects from low doses experienced in the environment. The models contain
conservative assumptions to account for the large degree of uncertainty associated with this extrapolation
(especially for potential carcinogenic effects) and therefore, tend to be more likely to overestimate than
underestimate potential risks.

Oral RfDs for sulfolane have been derived using different approaches and laboratory studies. For this
Revised Draft Final HHRA, two potential chronic oral RfDs for sulfolane were used to evaluate hazards:
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USEPA (2012b) PPRTV chronic oral RfD of 0.001 mg/kg-day and the ARCADIS-derived chronic oral RfD
of 0.01, was derived by ARCADIS. As expected, with a lower sulfolane oral RfD value, the Hls are higher.
For example, for the current and future offsite adult resident, based on ingestion of the 95% UCL
concentration of sulfolane in groundwater in EU-1, the estimated Hls ranged from 5 using USEPA PPRTV
chronic oral RfD of 0.001 mg/kg-day to 0.5 using the ARCADIS-derived chronic oral RfD of 0.01 mg/kg-
day that was derived directly from the scientific literature. For the current and future offsite adult resident,
based on ingestion of the maximum concentration of sulfolane in groundwater in EU-1, the estimated HI
would be 12 using the USEPA PPRTYV chronic oral RfD of 0.001 mg/kg-day and 1.2 using the ARCADIS-
derived chronic oral RfD of 0.01 mg/kg-day. In addition, two potential subchronic RfDs were used to
evaluate hazards associated with subchronic exposures: USEPA (2012b) PPRTV subchronic oral RfD of
0.01 mg/kg-day and the ARCADIS-derived subchronic oral RfD of 0.1 mg/kg-day, which was derived
directly from the scientific literature.

For the PPRTV Scenario presented in Section 3, the USEPA PPRTV chronic oral RfD for sulfolane was
used to assess potential exposures to children. In the ARCADIS Comparative Scenario presented in
Section 4.3, the ARCADIS-derived chronic oral RfD for sulfolane was used to assess potential exposures
to children. In the ARCADIS scenario presented in this uncertainty section, two sets of child exposures
are presented: one based on the ARCADIS-derived chronic oral RfDs for sulfolane and the other based
on the ARCADIS—derived chronic oral RfDs for sulfolane. The subchronic ARCADIS-derived oral RfD for
sulfolane was used to assess potential exposures to children (1 to 6 yrs old) in the ARCADIS scenario
because chronic RfDs correspond to 7 or more years of exposure and are developed to be protective of
long-term exposures to a constituent with a considerable margin of safety, which is typically over 1,000-
fold.

As noted in Dr. Farland’s toxicological assessment of sulfolane provided in Appendix K, a variety of
uncertainties are present when extrapolating from subtle effects in animals to human populations and from
partial lifetime studies in animals to longer term potential exposures in humans. Many of these uncertainties
are inherent in the policy choices available to risk assessors and are compounded when multiple policy
choices are chosen in a given assessment. Risk assessments that evaluate available information and rely
on scientific judgment, applied to the chemical constituent and its site-specific exposure characteristics, are
typically preferred over risk assessments that make significant use of default positions.

Calculation of a “safe” drinking water level based on the policy choices incorporated for sulfolane would be
up to thousands of times below the level where the subtlest potential adverse effects were NOT seen in the
animal studies and even many more times below the level where these subtle effects of unknown toxicologic
significance were seen. In its recent Health Consultation, the ADHSS (2012) concluded after its own
evaluation that “it is unlikely that North Pole residents who drank well water with levels of sulfolane higher
than ATSDR’s recommended levels would experience health effects resulting from exposure to sulfolane.”
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454 Exposure Assessment

According to USEPA (2001) guidance, screening-level estimates of exposure and risk calculations use
assumptions that maximize the estimate of risk to ensure that only those constituents that represent a de
minimis risk are eliminated from further consideration, and those that potentially pose an unacceptable risk
will be retained for consideration in subsequent steps of the risk assessment process. As requested by the
ADEC, maximum concentrations of COPCs were used as EPCs in the risk calculations for the potential
receptors evaluated for the PPRTV Scenario (Section 3) and the ARCADIS Comparative Scenario (Section
4.3). More often, a conservative estimate of average concentrations of constituents is used to represent
EPCs (USEPA 1989, 2002c, 2006b, 2007). Potential receptors are more likely to be exposed to a range of
these concentrations represented by the average or 95% UCL concentration. As such, the PPRTV
Scenario and the ARCADIS Comparative Scenario also present risk results based on the 95% UCL
concentrations. Because groundwater data collected from off-site wells indicate that offsite sulfolane
concentrations are generally not increasing, the use of the maximum concentration will overestimate the true
risk for most, actual receptors.

Concentrations of VOCs in indoor air of current and future onsite commercial/industrial structures were
estimated using concentrations of VOCs in groundwater at the site. Due to the uncertainties associated
with partitioning from soil to soil gas, ITRC (2007b) does not recommend using soil data as a source of
COPCs to evaluate potential vapor intrusion. Thus, use of soil data to evaluate potential soil vapor
concerns is inappropriate. USEPA (2002a) and ITRC (2007a) recommendations concluded that there is
insufficient scientific support for this procedure. ITRC (2007a) notes “Scientific studies have failed to show
good correlation between soil and soil gas sampling and analysis on a consistent basis.” They conclude by
recommending that soil data should be used only as a secondary line of evidence and not as a primary line.
Overall, the scientific evidence indicates that use of soil data is not a reliable approach for identifying
potential vapor intrusion concerns.

Dermal contact with COPCs in groundwater by current and future onsite outdoor commercial/industrial
workers was considered an insignificant exposure pathway. Onsite use of groundwater beneath the site is
limited to infrequent fire extinguishing. Fires at the site are very rare and the period of exposure would likely
be relatively very short. Thus, exclusion of this potential exposure pathway would not significantly impact
ELCR and HI estimates for these possible onsite receptors.

For the offsite CSM, it was assumed that groundwater may be connected with surface water, and pore-
water data were collected to evaluate potentially complete exposure pathways for surface water. Pore-
water piezometer installation methods needed to be revised for two of the three offsite locations because the
surface-water body was frozen and true pore-water samples could not be collected. However, the
groundwater samples collected were able to be evaluated for human health risk. Because sulfolane
degrades more rapidly in the presence of nutrients and oxygen that would be present in the surface water
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(ADHSS 2010), and given the limited groundwater- surface water interchange, the results from these
samples likely overestimate the concentration of COPCs in surface water. Thus, the data used for the
swimming scenario overestimate human health risk.

Ingestion of offsite groundwater by current and future offsite residents was the primary exposure pathway for
these potential receptors and resulted in the relatively highest Hls, including for infants (0 to 1 year). The
ingestion rate used for this age group slightly exceeded that used for children (0 to 6 years). It was also
assumed that infants do not breastfeed and that their formula was made with tapwater instead of
pediatrician-recommended distilled water. Thus, it is highly likely that HI estimates for this receptor were
overestimated.

Only potential ingestion exposures were quantitatively assessed for sulfolane. This analysis suggests
dermal contact and inhalation exposure routes are not significant for sulfolane, which is supported by
ATSDR (2010 and 2011) Health Consultations and animal studies (Brown et al. 1966, Andersen et al.
1977). Although these exposure routes were excluded, inclusion of them would likely not contribute
significantly to overall hazard estimates. As described in Section 4.1.1.4, dermal contact and inhalation
exposure routes are not significant for sulfolane. These assumptions are based on animal studies that
have shown that sulfolane is not readily absorbed through human skin because of its low permeability and
is not expected to pose a significant risk via an inhalation exposure route due to its low volatility. Ingestion
of sulfolane in impacted environmental media is the appropriate exposure route to assess potential
hazards to on and offsite receptors. Estimated hazards based on inhalation and dermal exposure routes
are insignificant relative to hazards estimated based on the ingestion exposure route.

Both the ingestion rates of homegrown fruit and vegetables and the FI of each for offsite residents are not
known. In the PPRTV Scenario and the ARCADIS Comparative Scenario, ingestion of fruit and vegetables
by offsite residents was evaluated based on an assumed consumption rate at a level equivalent to 95% of
the population (Table 3-12). However, the USEPA (2011a) recommends use of mean homegrown produce
ingestion rates because mean values from their surveys are more stable than upper percentile values and
because USEPA’s RME scenario is defined as a combination of high end and mean exposure assumptions
(USEPA 1989, 1991). Accordingly, the ARCADIS Scenario incorporates the use of mean values.

Alternate exposure parameters used in the ARCADIS Scenario are presented on Table 4-5. This third
scenario uses produce consumption parameters per USEPA guidance, which translate to adult fruit and
vegetable ingestion rates of 63,000 and 175,000 mg/day, respectively; child resident fruit and vegetable
ingestion rates of 69,000 and 81,000 mg/day, respectively; and infant resident fruit and vegetable ingestion
rates of 41,850 and 33,750 mg/day, respectively, based on mean per capita intakes presented in the
USEPA (2011a) EFH Table 9-3. These calculations translate into the assumption that adults will consume
approximately 2.2 ounces of fruits and 6 ounces of vegetables a day; children will consume approximately
2.5 ounces of fruits and 2.9 ounce of vegetables a day; and infants will consume approximately 1.5 ounces
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of fruits and 1.1 ounces of vegetables a day. The risk assessment in the ARCADIS Scenario (Section 4.5.6,
below) assumes that during their first year of life, infants will ingest approximately 59 pounds of homegrown
fruits and vegetables. For children and adults, the produce consumption rate is assumed to be
approximately 123 and 187 pounds per year of homegrown fruits and vegetables, respectively.

Hls would be approximately three times lower for the ingestion of produce exposure pathway when using
the mean per capita ingestion rates and keeping all other assumptions the same as presented in Table 3-
12. However, even using high-end exposure and uptake assumptions for ingestion of homegrown
produce, this is an insignificant exposure pathway compared to ingestion of groundwater.

For the PPRTV Scenario and the ARCADIS Comparative Scenario, a groundwater-to-produce BCF value of
1 was assumed. The ARCADIS Scenario (Section 4.5.6, below) uses a lower groundwater-to-produce BCF
value based on literature review and derived from data presented in the Final Results of the North Pole
Garden Sampling Project (ADEC 2011b). Specifically, plant tissue concentrations were combined with
measured groundwater concentrations from the corresponding drinking water wells to derive a BCF for each
plant species using the following equation:

BCF = [sulfolane concentration in plant tissue from garden]/
[sulfolane concentration in water used to irrigate the garden]

Average species-specific BCF values ranged from 0.06 to 0.61, with the lower values associated with roots
and vegetable fruits (e.g., tomatoes) and the higher values associated with stems and leaves. These values
were further evaluated to calculate a 95% UCL value of 0.32. This BCF was used in the ARCADIS
Scenario to evaluate offsite resident ingestion of homegrown produce that has been irrigated with
groundwater impacted by sulfolane. Using this BCF and other exposure assumptions for the ARCADIS
Scenario (Table 4-5), the His for the produce exposure pathway are:

e EU-1 (Table 4-7): 0.003 for adult residents (chronic exposure), 0.01 for child residents (chronic
exposure) and 0.001 for infant residents (subchronic exposure).

e EU-2 (Table 4-8): 0.001 for adult residents (chronic exposure), 0.003 for child residents (chronic
exposure) and 0.0004 for infant residents (subchronic exposure).

e EU-3 (Table 4-9): 0.0002 for adult residents (chronic exposure), 0.0006 for child residents (chronic
exposure) and 0.00007 for infant residents (subchronic exposure).

For the ARCADIS Scenario (Section 4.5.6, below), the adult and child recreational user surface-water

ingestion rates of 0.021 and 0.049 liter/hour, respectively, were based on USEPA (2011a) recommended
mean values for swimmers from the EFH Table 3-5. Adult and child recreational users were assumed to
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swim for 30 and 6 years, respectively, for 30 days per year for 0.5 hour per day. ARCADIS chose its
exposure parameters to reflect the short time during which surface-water bodies near North Pole, Alaska
may be warm enough to promote swimming. As noted in Tables 4-7, 4-8, and 4-9, Hls calculated for the
ARCADIS Scenario that uses the assumptions described in this paragraph are approximately ten times
lower (factor of 9.7) than the ARCADIS Comparative Scenario.

4.5.5 Risk Characterization

Some Hls exceed the ADEC acceptable target HI equal to 1, particularly those estimated for onsite
construction/worker exposures to volatile COPCs in the air of a trench, which have been modeled from
groundwater concentrations. For this Revised Draft Final HHRA, endpoint-specific HIs were not calculated
and summing all HQs regardless of endpoint is health-protective. The USEPA acknowledges that adding
all HQ or HI values may overestimate hazards, because the assumption of additivity is probably appropriate
only for those chemicals that exert their toxicity by the same mechanism (USEPA 1989). Application of
endpoint-specific His is expected to reduce total HI estimates.

As noted above, the child scenario has been assessed using the chronic oral reference dose, which is by
definition a daily dose that is protective for sensitive receptors for lifetime exposures. Many USEPA
programs such as the drinking water program use adult scenarios to protect both adults and children. For
instance, Federal drinking water standards are derived using adult receptors, and USEPA states that such
standards are protective for both adults and children. The use of the child exposure levels and body weights
coupled with a chronic reference dose in this section provides an additional margin of exposure, but it is
uncertain whether it provides additional public health protection. Appendices and H and K provide additional
information on sulfolane’s toxicological profile which shows that sulfolane presents no special concerns to
children and that focusing public health protection efforts on adult receptors using a chronic reference dose
adequately protects children.

4.5.6 Estimated Risk and Hazards for Uncertainty Assessment - ARCADIS Scenario

This section presents a detailed summary of ELCRs and Hls for potential offsite receptors (Section 4.3.2.2)
under the ARCADIS Scenario. For each potential receptor, ELCRs and/or HIs are summarized based on
possible exposure to maximum soil EPC COPC concentrations and/or 95% UCL-based soil and
groundwater EPC COPC concentrations. Potential ELCRs and Hls related to offsite surface water
exposures are also presented in this section. Appendix G presents complete risk calculations for onsite and
offsite receptors based on 95% UCL soil and groundwater COPC concentrations and maximum assumed
surface water concentrations.

Summaries of the cumulative ELCRs and estimated Hls for the receptors evaluated under the ARCADIS
Scenario are presented in the following tables:
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e Table 4-7 presents ELCR and HI summaries for potential offsite receptors at EU-1 based on 95%
UCL soil and groundwater EPCs, as well ELCR and HI summaries for potential offsite surface water
exposure based on maximum pore water (assumed surface water) EPCs.

e Table 4-8 presents ELCR and HI summaries for potential offsite receptors based on 95% UCL soil
EPCs and 95% UCL groundwater EPCs at EU-2 wells. ELCR and HI summaries for potential offsite
surface water exposure based on maximum pore water (assumed surface water) EPCs are also
presented in Table 4-8.

e Table 4-9 presents ELCR and HI summaries for potential offsite receptors based on 95% UCL soil
EPCs and 95% UCL groundwater EPCs at EU-3 wells. ELCR and HI summaries for potential offsite
surface water exposure based on maximum pore water (assumed surface water) EPCs are also
presented in Table 4-8.

As noted above, tables 4-6 to 4-9 present ELCR and HI summaries for potential offsite receptors based
on 95% UCL COPC groundwater concentrations in each of the offsite EUs (95% UCL COPC groundwater
concentrations are presented in Tables 4-6 and 4-7 for EU-1, Table 4-8 for EU-2, and Table 4-9 for EU-
3). Potential dust exposures from onsite surface soil are based on 95% UCL surface soil (0 to 2 feet bgs)
COPC concentrations.

4.5.6.1 Estimated Risks and Hazards for Potential Offsite Resident Receptors

Potential offsite receptors evaluated in the ARCADIS Scenario include current and future residents (adults,
children and infants) and off-site recreators. In these ARCADIS scenarios, potential exposures were
evaluated using the ARCADIS-derived oral RfDs for sulfolane that were derived from the scientific literature.
Specifically, the ARCADIS-derived chronic oral RfD for sulfolane was used to evaluate potential exposures
to adult residents and adult recreational users. Both the chronic and subchronic oral RfDs for sulfolane were
used to evaluate child residents and child recreational users, and only the subchronic oral RfD for sulfolane
was used to evaluate infant residents exposures.

4.5.6.1.1 Offsite Adult, Child and Infant Residents

Use of the maximum detected concentration of sulfolane in groundwater is overly conservative and over
estimates Hls for offsite residents (chronic exposure), as is demonstrated by available data. Evaluation of
separate EU data and corresponding 95% UCL concentrations sulfolane concentrations is a more

appropriate approach for the reasons discussed previously.

Table 4-7 and Tables G-5a, G-6a and G-7a (Appendix G) present the estimated ELCRs and Hls for offsite
resident receptors including resident adults (chronic exposure), resident children (chronic and subchronic
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exposure) and resident infants (subchronic exposure), respectively, based on inhalation of soil COPCs
associated with fugitive windborne dust or vapors from onsite COPCs in surface soil, assuming 95% UCL
COPC concentrations. The total estimated ELCR is 4 x 10°® and the total estimated HI is 0.001 for an adult
resident receptor (chronic exposure; Table G-5a). The total estimated ELCR is 9 x 10 and the total
estimated Hl is 0.001 for child resident receptor (chronic exposure; Table G-6a). For the infant resident
receptor (subchronic exposure), the total estimated ELCR is 1 x 10 and the total estimated Hl is 0.0007
(Table G-7a).

For potential exposures to 95% UCL sulfolane concentrations in groundwater at EU-1, the estimated Hls for
offsite residents potentially exposed via ingestion of groundwater (i.e., tapwater) from EU-1 are presented in
Table 4-7. The total estimated Hls for offsite resident receptors are 0.5 for adult resident (chronic exposure;
Table G-5b [Appendix G]), 1 for child resident (chronic exposure; Table G-6b [Appendix G]) and 0.3 for
infant resident (subchronic exposure; Table G-7b [Appendix G]). For potential exposure to sulfolane in
homegrown produce irrigated with groundwater in EU-1, the estimated HI for an adult resident is 0.003
(chronic exposure; Table G-5b [Appendix G]), the estimated HI for a child resident is 0.01 (chronic
exposure; Table G-6¢ [Appendix G]) and the estimated HI for an infant resident is 0.001 (subchronic
exposure; Table G-7c [Appendix G]). Tables G-11 and G-12 present the Hls associated with ingestion of
surface water for adults (chronic exposures; Table G-11) and children (chronic exposures; Table G-12a).

Separate hazards were also evaluated for the resident child receptor based on subchronic toxicity values
because the ED for this receptor (6 years) meets the definition of subchronic exposure. Table 4-7 and Table
G-6d (Appendix G) presents the estimated ELCRs and Hls for offsite child residents in EU-1, assuming
potential exposure to 95% UCL COPC concentrations in ambient air from onsite surface soil using
subchronic RfDs, including the ARCADIS-derived subchronic oral RfD for sulfolane. The total estimated
ELCR is 9 x 10® and the total estimated Hl is 0.0007. Excluding the estimated arsenic ELCR and HI, which
are likely attributable to background, the total estimated ELCR is 8 x 10 and the total estimated Hl is
0.0005 (see Table G-6d [Appendix G]).

Table 4-7 and tables G-6e and G-6f (Appendix G) present the estimated Hls for a child resident in EU-1
based on ingestion of the 95% UCL detected concentration of sulfolane in groundwater (i.e., tapwater) and
ingestion of homegrown produce, respectively. These scenarios were evaluated using the ARCADIS-
derived subchronic oral RfD for sulfolane. The estimated Hls for a child resident assuming subchronic
exposures at EU-1 are 0.1 and 0.001 based on ingestion of tapwater and ingestion of homegrown produce,
respectively (see Tables G-6e and G-6f [Appendix G]).

Table 4-8 presents the estimated HIs associated with offsite resident receptors potentially exposed to
groundwater at EU-2. Assuming the 95% UCL of sulfolane in groundwater at EU-2 and using the alternative
oral RfDs for sulfolane derived directly from the scientific literature by ARCADIS, the estimated HI for an
adult resident is 0.2 (chronic exposure; Table G-13a [Appendix G]), the estimated HI for a child resident is
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0.4 (chronic exposure; Table G-14a [Appendix G]) and the estimated HI for an infant resident is 0.09
(subchronic exposure; Table G-15a [Appendix G]), based on ingestion of tap water. For consumption of
homegrown produce irrigated with groundwater from EU-2 (95% UCL), the estimated Hls for offsite resident
receptors are 0.001 for adult residents (chronic exposure; Table G-13b [Appendix G]), 0.003 for child
residents (chronic exposure; Table G-14b [Appendix G]) and 0.0004 for infant residents (subchronic
exposure; Table G-15b [Appendix G]).

Assuming subchronic exposures by a resident child, Table 4-8 includes the estimated Hls using the
ARACADIS-derived subchronic oral RfD for sulfolane. The estimated Hl is 0.04 for the offsite child resident
receptor ingesting groundwater (i.e., tapwater) from ingestion of EU-2 (95% UCL concentration of sulfolane
in groundwater (i.e., tapwater) (see Table G-14c [Appendix G]). The estimated HI for this receptor based on
subchronic exposure and ingestion of homegrown produce irrigated with groundwater from EU-2 (95% UCL
sulfolane concentration) is 0.0003 (see Table G-14d [Appendix G]).

Table 4-9 presents the hazard estimates for potential exposures by offsite resident receptors at EU-3, based
on ingestion of tapwater and ingestion of homegrown produce, respectively, assuming the 95% UCL for
sulfolane in groundwater and ARCADIS-derived oral RfD for sulfolane. For offsite resident receptors
ingesting groundwater (i.e., tapwater), the estimated Hls are 0.03 for the adult resident (chronic exposure;
Table G-19a [Appendix G]), 0.07 for the child resident (chronic exposures; Table G-20a [Appendix G]) and
0.02 for the infant resident (subchronic exposures; Table G-21a [Appendix G]). For potential exposures from
consumption of homegrown produce in EU-3, the estimated Hls are 0.0002 for the adult resident (chronic
exposure; Table G-19b [Appendix G]), 0.0006 for the child resident (chronic exposures; see Table G-20b
[Appendix G]) and 0.00007 for the infant resident (subchronic exposures; Table G-21b [Appendix G]).

Assuming subchronic exposures by a resident child, Table 4-9 includes the estimated Hls using the
alternative subchronic oral RfD for sulfolane. The estimated HI is 0.007 for the offsite child resident receptor
ingesting groundwater (i.e., tapwater) from EU-3 (95% UCL concentration of sulfolane) (Table G-20c
[Appendix G]). The estimated HI is 0.00006 for this receptor based on subchronic ingestion of homegrown
produce irrigated with groundwater from EU-3 (95% UCL sulfolane concentration) (see Table G-20d
[Appendix G]).

4.5.6.1.2 Offsite Adult and Child Recreational Users

The estimated Hls for an offsite adult recreational user (i.e., swimmer) who may incidentally ingest sulfolane
in surface water are presented in Table 4-7, 4-8, and 4-9. The estimated Hls are based on the maximum
offsite sulfolane concentration in pore water and the ARCADIS-derived chronic oral RfDs for sulfolane. For
offsite adult recreational users, the estimated HI is 0.0002 (chronic exposure; Table G-11 [Appendix G]).
Tables 4-7, 4-8, and 4-9 also show the estimated Hls for the offsite child (aged 1 to 6 years) recreational
user (i.e., swimmer) who may incidentally ingest sulfolane in surface water, assuming the maximum offsite
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sulfolane concentration in pore water and using both the ARCADIS-derived chronic and subchronic oral
RfDs for sulfolane, respectively. For offsite child recreational users, the Hl is 0.002 assuming chronic
exposure (Table G-12a [Appendix G]) and 0.0002 assuming subchronic exposures (Table G-12b [Appendix
G)).

4.5.7 Conclusions for ARCADIS Scenario

Table 4-7 presents the estimated ELCRs and Hls using 95% UCL COPC concentrations in EU-1. Using the
95% UCL onsite COPC soil concentrations, the 95% UCL onsite and EU-1 offsite sulfolane groundwater
concentrations, the ARCADIS-derived oral RfDs for sulfolane, and the alternate ARCADIS exposure
assumptions (Table 4-5), the estimated Hls for all receptors evaluated in the ARCADIS Scenario are equal
to or below the target HI of 1.

The estimated total ELCRs for the potential receptors evaluated in the ARCADIS Scenario are equal to or
below the ADEC acceptable ELCR of 1 x 10™.

As shown in Table 4-8, using the 95% UCL COPC concentrations in onsite surface soil and 95% UCL
sulfolane concentration in groundwater in EU-2, the estimated Hls are below the target HI of 1 for the
potential receptors evaluated. The estimated total ELCRs for the receptors evaluated are below the ADEC
acceptable ELCR of 1 x 10°.

As shown in Table 4-9, using the 95% UCL COPC concentrations in onsite surface soil and 95% UCL
sulfolane concentration in groundwater in EU-3, the estimated Hls are below the target HI of 1 for the
potential receptors evaluated. The estimated total ELCRs for the receptors evaluated are below the ADEC
acceptable ELCR of 1 x 10,

As demonstrated in this section and in Tables 4-6 through 4-9, there are no offsite potential receptors that

exceed the target HI of 1 and no offsite EUs that exceed the acceptable ELCR when the ARCADIS-derived
toxicity value is used in combination with the ARCADIS exposure parameters.
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5. Site-Specific Alternative Cleanup Levels

The Draft Risk Assessment Procedures Manual (ADEC 2010a, 2011d) provides for ACLs to be calculated
for receptors who exceed a target risk level, by setting the total carcinogenic risk to 1 x 10™ or the Hl to 1

and solving for the concentration term for each COPC in each medium that contributes significantly to total
potential risk (“risk drivers”). Under this method, using the exposure parameters set forth in the PPRTV and
ARCADIS Comparative Scenarios, and individual COPC ELCR target risk of 1 x 10 and HI of 1, ACLs of
0.6, 0.03, 3.5 and 0.09 mg/L were calculated for benzene, naphthalene, xylenes and 1,3,5-
trimethylbenzene, respectively, based on incidental ingestion of groundwater in a trench, dermal contact with
groundwater and inhalation of trench air by onsite construction workers. Table 5-1 presents the ACLs for the
PPRTV, ARCADIS Comparative, and ARCADIS Scenarios, Appendix J provides the calculations.

The ADEC and FHRA continue to discuss and evaluate an appropriate ACL for sulfolane; therefore, no ACL
is proposed for sulfolane at this time. Using the various exposure scenarios, toxicological reference values
and exposure assumptions presented in this Revised Draft Final HHRA, the range of potential ACLs
includes:

¢ 14 ug/L, derived from the PPRTV RfD and ADEC-approved exposure assumptions (PPRTV
Scenario), for a child with chronic exposure

¢ 145 ug/L, derived from the ARCADIS RfD and ADEC-approved exposure assumptions (ARCADIS
Comparative Scenario), for a child with chronic exposure

e 362 ug/L, derived from the ARCADIS RfD and the alternate exposure assumptions (ARCADIS
Scenario), for an adult with chronic exposure.

Based on the Margin of Exposure evaluation presented in Appendix K, ARCADIS and Dr. Farland conclude
that an ACL within this range would be protective of human health. Table 5-2 provides the ACLs that
correspond to the PPRTV, ARCADIS Comparative, and ARCADIS Scenarios for infant (subchronic), child
(subchronic and chronic) and adult (chronic) exposures.

In the meantime, as potential sulfolane ACLs are considered, offsite residents and commercial workers
located immediately north of the site obtain drinking water from the city’s new water supply wells. Individuals
located outside the city water service area but within or near the dissolved sulfolane plume have been
provided with alternative water supplies by FHRA (including treatment systems, bulk water tanks or
continued supplies of bottled water) to eliminate potential ingestion of groundwater impacted with sulfolane.
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Table 3-1

Constituents of Interest in Soil and Groundwater

Human Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

Constituent of Interest

Constituent Included in Analyte List

2000
Characterization
Study-Soil

2001
Characterization
Study-Soil ®

2009-2010
Characterization
Study-Soil ©

Historical
Groundwater ¢

Included on
Refinery
Laboratory
Spilled Material
"Ingredient”
List

Toxicit!

y Values Available from USEPA

Oral CSF

IUR

Oral RfD

Inhalation
RfC

VOCs

1,1-Dichloroethene

1,2,4-Trimethylbenzene

X
X

1,3,5-Trimethylbenzene

X
X
X

X
X
X

1-Chloronaphthalene

XX

4-1sopropyltoluene(p-cymene)

Benzene

XX

Chlorobenzene

XXX

X[x

cis-1,2-Dichloroethene

X XXX XX [

X|X|Xx

Cyclohexane

Ethylbenzene

Isopropylbenzene (cumene)

X|x

X|x

X|X[X]

XX

Methyl tert-butyl ether (MTBE)

Methylene chloride

X|x

X|x

XX [X]X|X

n-Butylbenzene

X|X|X[X >

n-Hexane

N-Propylbenzene

x

x

X([x

Propylene gylcol (1,2,-Propanediol)

Pyridine

XXX XXX

sec-Butylbenzene

tert-Butylbenzene

Toluene

Trichlorofluoromethane (Freon 11)

Xylenes

XXX X)X >x

XXX X)X >x

X|X[X]

X[X([x

SVOCs

1,2-Dichlorobenzene

1,2-Diphenylhydrazine (as Azobenzene)

1,3-Dichlorobenzene

X|X[X]

1-Methylnaphthalene

2,4,5-Trichlorophenol

2,4,6-Trichlorophenol
2,4-Dichlorophenol

X|X[X]

2,4-Dimethylphenol
2,4-Dinitrophenol

2

Dinitrotoluene

itrotoluene

-Chlorophenol

F-Chloronaghthalene
2
2

-Methylnaphthalene

|_2—Methylphenol (o-Cresol)

I Nitroaniline

XXX XXX XY X[ XXX XX X[ X< [ <

X([x

2-Nitrophenol

3 & 4-Methylphenol (m,p-Cresol)

x

3,3-Dichlorobenzidine

3-Nitroaniline

4,6-Dinitro-2-methylphenol

4-Bromophenyl phenyl ether

4-Chloro-3-methylphenol

4-Chloroaniline

4-Chlorophenyl phenyl ether

[4-Nitroaniline

4-Nitrophenol

[Acenaphthene

[Acenaphthylene

Anthracene

Benzo (a) anthracene

Benzo (a) pyrene

|T3enzo (b) fluoranthene

X|X[X]

XXX

Benzo (g,h,i) perylene
Benzo (k) fluoranthene

Dd Do Bt B P P P B P Pad P DS P ad P B P Dad P Bl P Dad P Bl P ad P Bl Pl g Py

Dad B Bt B P P P Bl P Pad P B Pad Pad Pad Bl P ad P Bl P Bad P Bl Pad g P

XX

XX

Benzidine
Benzoic Acid

Benzyl alcohol
Bis(2-chloroethoxy)methane

XX [X[>x

Bis(2-chloroethyl)ether
Bis(2-chloroisopropyl)ether

Bis(2-ethylhexyl)phthalate

X|X|Xx

Butyl benzyl phthalate

XXX X | X[

XXX X | [

X|X[X[>

XXX

Carbazole

Chrysene

Dibenzo (a,h) anthracene

XX

XX

Dibenzofuran

Diethyl phthalate

Dimethyl phthalate

Di-n-butyl phthalate

XXX ([X X X<

x

Di-n-Octylphthalate

Fluoranthene

Fluorene

Hexachlorobenzene

X|x

X|x

Hexachlorobutadiene

Hexachlorocyclopentadiene

x

Hexachloroethane

XXX X X|>x

|Indeno (1,2,3-cd) pyrene

XX

Isophorone

XXX X X[ X[ >

Dq Do B Bad Pad aq P B P Pad P Bl Pd d P

D Do B B Pd P P B P Pad P Bl P o P Bl P Pad P Bl P Do P Bl P o B Bl P B P B P D P Bl P D P B P D P Bl P Do P Bl P B P Bl P Pad P Bl Pd P P

XXX

x

Isopropanol (propanol)

Naphthalene

X|x

Nitrobenzene

N-Nitrosodimethylamine

X|X[X]

XX [X]X|X

N-Nitrosodi-n-propylamine

N-Nitrosodiphenylamine

Pentachlorophenol

X X|X[X]

XXX [X X X<

Phenanthrene

Phenol

Pyrene

XXX XXX X <

XXX XXX X <

XXX XXX X <

XX
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Table 3-1
Constituents of Interest in Soil and Groundwater

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Constituent of Interest

Constituent Included in Analyte List

2000 2001 2009-2010

Characterization
Study-Soil

Characterization
Study-Soil °

Characterization
Study-Soil ©

Historical
Groundwater ¢

Included on
Refinery
Laboratory
Spilled Material
"Ingredient”
List

Toxicit!

y Values Available from USEPA

Oral CSF

IUR Oral RfD

Inhalation
RfC

Metals

[Antimony

Arsenic

X
X

Barium

Cadmium

Chromium Total

X|X[X[X]x

X|x
X[X[X]>x

Copper

Iron

XXX X)X | X[

Lead

Mercury

X|x

Nickel

Selenium

XY X[ X X[ X< X< X | <

X[X[x

Silver

Zinc

XXX XY XXX X X | X[ X< | <

x

XX [X[X]x

Other

Alkanol amines

Alkylamines

Alkylene amines

Calcium

Chloride

Cyanide

XXX XX X<

Di-n-Octylphthalate

DinonyInaphthylsulfonic acid

Fluoroalkyl Surfactant

|!ron Oxides

Isopropanol (propanol)

2-Methoxymethylethoxy propanol

Monoethanolamine

Montmorillonite, calcined

Phenol

Propylene glycol (1,2-Propanediol)

XX

Silica

XY X[ X X[ X< X< X | >

Sulfate

Sulfolane

x

GRO

DRO

RRO

X|X|>x
X X|X[X]
XX X[X X

Heavy paraffinic distillate (mixture)

Heavy aromatic naptha (Naphtha, High Flash Aromatic [HFAN])
]

X
X

Notes:

a - Shannon and Wilson, Inc. 2000. Draft Site Characterization and Corrective Action Plan, Williams Alaska Petroleum, Inc., North Pole Refinery. December 2000.
b - Shannon and Wilson, Inc. 2001. Contaminant Characterization Study, Williams Alaska Petroleum, Inc., North Pole Refinery, North Pole, Alaska. October 2001.
c - Barr Engineering Company. 2011. Site Characterization and First Quarter 2011 Groundwater Monitoring Report. May 2011.
d - Included in SWI groundwater database, dated June 2011

USEPA = United States Environmental Protection Agency Integrated Risk Information System (2011)

CSF = Cancer Slope Factor

IUR= Inhalation Unit Risk

RfD = Reference Dose

RfC = Reference Concentration

VOCs - volatile organic compounds
SVOCs - semi-volatile organic compounds

Note, lead is evaluated based on blood lead level.
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Table 3-2a
Constituents of Potential Concern in Soil and Groundwater

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

ADEC Soil ADEC Soil
Cleanup Level ADEC Soil | Cleanup Level
Based on Cleanup Level| Basedon [Selected Soil| soil COPC |Soil COPC in

Maximum Soil Migration to Based on Outdoor Screening | Selected in the 2012

Concentration | Maximum Observation or | Groundwater |Direct Contact| Inhalation Level [h] the RAWP HHRA
Constituents of Interest (mg/kg) [a] MRL Location (mg/kg) (mg/kg) (mg/kg) (mg/kg) [b] [c]
VOCs
1,1-Dichloroethene <1.36 SB-151 (6.7 - 8.4) 0.03 14 0.85 0.03 Yes Yes
1,2,4-Trimethylbenzene 205 0-2 23 5,100 49 4.9 Yes Yes
1,3,5-Trimethylbenzene 81.1 10/20/2010 at O-2 23 5,100 42 4.2 Yes Yes
1-Chloronaphthalene - na na na na No [i] No [i]
4-|sopropyltoluene (p-cymene) 20.2 10/20/2010 at O-2 na na na na Yes Yes
Benzene 82 MW-135 0.025 150 11 0.025 Yes Yes
Chlorobenzene <1.36 SB-151 (6.7 - 8.4) 0.63 2,000 200 0.63 Yes Yes
cis-1,2-Dichloroethene <1.36 SB-151 (6.7 - 8.4) 0.24 1,000 130 0.24 Yes Yes
Cyclohexane 449 SB-160 (6.4 - 8.4) 13 7,000 na 13 Yes Yes
Ethylbenzene 111 0-2 6.9 10,100 110 6.9 Yes Yes
Isopropylbenzene (cumene) 41.6 0-2 51 10,100 62 6.2 Yes Yes
Methyl tert-butyl ether <5.4 SB-151 (6.7 - 8.4) 1.3 4,600 290 1.3 Yes Yes
Methylene chloride 0.188 SB-123 (3.5-5.2) & Dup 0.016 1,100 160 0.016 Yes Yes
n-Butylbenzene 107 0-2 15 1,000 42 4.2 Yes Yes
n-Hexane 13 SB-123 (6.0 - 8.0) 6.2 570 na 6.2 Yes Yes
n-Propylbenzene 72.7 0-2 15 1,000 42 4.2 Yes Yes
Propylene gylcol (1,2,-Propanediol) - 150 1,200,000 na 150 Yes No [i]
Pyridine <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
sec-Butylbenzene 25.3 0-2 12 1,000 41 4.1 No Yes
tert-Butylbenzene 2.56 MW-176C 12 1,000 70 7 Yes No
Toluene 392 MW-135 6.5 8,100 220 6.5 Yes Yes
Trichlorofluoromethane (Freon 11) 22.7 3/8/2001 at MW135 86 30,400 990 86 No No
Xylenes 706 SB-180 (5.5-7.2) 63 20,300 63 6.3 Yes Yes
SVOCs
1,2-Dichlorobenzene <35.9 5/30/2001 at B1-4 5.1 9,100 45 4.5 Yes Yes
1,2-Diphenylhydrazine (as Azobenzene) <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
1,3-Dichlorobenzene <35.9 5/30/2001 at B1-4 28 9,100 69 6.9 Yes Yes
1-Methylnaphthalene 88.5 0-21 (4.0-6.0) 6.2 280 760 6.2 Yes Yes
2,4,5-Trichlorophenol <35.9 5/30/2001 at B1-4 67 6,500 na 67 No No
2,4,6-Trichlorophenol <35.9 5/30/2001 at B1-4 1.4 460 4,100 14 Yes Yes
2,4-Dichlorophenol <35.9 5/30/2001 at B1-4 1.3 230 na 13 Yes Yes
2,4-Dimethylphenol <35.9 5/30/2001 at B1-4 8.8 1,300 na 8.8 Yes Yes
2,4-Dinitrophenol <182 5/30/2001 at B1-4 0.54 160 na 0.54 Yes Yes
2,4-Dinitrotoluene <35.9 5/30/2001 at B1-4 0.0093 8.8 na 0.0093 Yes Yes
2,6-Dinitrotoluene <35.9 5/30/2001 at B1-4 0.0094 8.9 na 0.0094 Yes Yes
2-Chloronaphthalene <35.9 5/30/2001 at B1-4 120 4,700 na 120 No No
2-Chlorophenol <35.9 5/30/2001 at B1-4 15 510 2,300 15 Yes Yes
2-Methylnaphthalene 240 0-2 6.1 280 750 6.1 Yes Yes
2-Methylphenol (o-Cresol) <35.9 5/30/2001 at B1-4 15 3,200 na 15 Yes Yes
2-Nitroaniline <182 5/30/2001 at B1-4 na na na na No [i] No [i]
2-Nitrophenol <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
3 & 4-Methylphenol (m,p-Cresol) <35.9 5/30/2001 at B1-4 15 350 na 15 Yes Yes
3,3-Dichlorobenzidine <73 5/30/2001 at B1-4 0.19 11 na 0.19 Yes Yes
3-Nitroaniline <182 5/30/2001 at B1-4 na na na na No [i] No [i]
4,6-Dinitro-2-methylphenol <182 5/30/2001 at B1-4 na na na na No [i] No [i]
4-Bromophenyl phenyl ether <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
4-Chloro-3-methylphenol <73 5/30/2001 at B1-4 na na na na No [i] No [i]
4-Chloroaniline <73 5/30/2001 at B1-4 0.057 90 na 0.057 Yes Yes
4-Chlorophenyl phenyl ether <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
4-Nitroaniline <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
4-Nitrophenol <182 5/30/2001 at B1-4 na na na na No [i] No [i]
Acenaphthene <35.9 5/30/2001 at B1-4 180 2,800 na 180 No No
Acenaphthylene 0.0102 SB-168 (0.0 - 2.0) 180 2,800 na 180 No No
Anthracene 0.431 SB-134 (5.0 - 6.8) 2,000 20,600 na 2,000 No No
Benzidine - na na na na No [i] No [i]
Benzo (a) anthracene 0.0988 DO-21 (6.0-8.0) 3.6 4.9 na 0.49 Yes Yes [K]
Benzo (a) pyrene 0.0952 DO-21 (6.0-8.0) 2.1 0.49 na 0.049 Yes Yes [K]
Benzo (b) fluoranthene 0.108 SB-168 (0.0 - 2.0) 12 5 na 0.49 Yes Yes [K]
Benzo (g,h,i) perylene 0.186 0-12 (0.0 - 2.0) 38,700 1,400 na 140 No No
Benzo (k) fluoranthene 0.0404 SB-168 (0.0 - 2.0) 120 49 na 4.9 Yes Yes [k]
Benzoic Acid <182 5/30/2001 at B1-4 410 317,000 na 410 No No
Benzyl alcohol <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
Bis(2-chloroethoxy)methane <35.9 5/30/2001 at B1-4 na na na na No [i] No [i]
Bis(2-chloroethyl)ether <35.9 5/30/2001 at B1-4 0.0022 7.5 33 0.0022 Yes Yes
Bis(2-chloroisopropyl)ether <35.9 5/30/2001 at B1-4 na na na na No [j] No [j]
Bis(2-ethylhexyl)phthalate 0.0958 SB-105 (5.0 - 6.2) 13 220 na 13 Yes No
Butyl benzyl phthalate <35.9 5/30/2001 at B1-4 920 2,900 na 290 No No
Carbazole - 6.5 290 na 6.5 No No
Chrysene 0.783 SB-108 (0.0-2.0) 360 490 na 49 No Yes [K]
Dibenzo (a,h) anthracene 0.018 DO-21 (6.0-8.0) 4 0.49 na 0.049 Yes Yes [K]
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Table 3-2a
Constituents of Potential Concern in Soil and Groundwater

Human Health Risk Assessment

Flint Hills North Pole Refinery

North Pole, Alaska

ADEC Soil ADEC Soil
Cleanup Level ADEC Soil | Cleanup Level
Based on Cleanup Level| Basedon [Selected Soil| soil COPC |Soil COPC in
Maximum Soil Migration to Based on Outdoor Screening | Selected in the 2012
Concentration | Maximum Observation or | Groundwater |Direct Contact| Inhalation Level [h] the RAWP HHRA

Constituents of Interest (mg/kg) [a] MRL Location (mg/kg) (mg/kg) (mg/kg) (mg/kg) [b] [c]
Dibenzofuran 1.31 0-2 11 200 na 11 Yes No
Diethyl phthalate <35.9 5/30/2001 at B1-4 130 61,900 na 130 No No
Dimethyl phthalate <35.9 5/30/2001 at B1-4 1,100 773,000 na 1,100 No No
Di-n-butyl phthalate <35.9 5/30/2001 at B1-4 80 7,900 na 80 No No
Di-n-Octylphthalate <35.9 5/30/2001 at B1-4 3,800 3,100 na 310 No No
Fluoranthene 0.258 DO-21 (6.0-8.0) 1,400 1,900 na 190 No No
Fluorene 2.56 MW-176C 220 2,300 na 220 No No
Hexachlorobenzene <35.9 5/30/2001 at B1-4 0.047 3.2 15 0.047 Yes Yes
Hexachlorobutadiene <35.9 5/30/2001 at B1-4 0.12 13 3.8 0.12 Yes Yes
Hexachlorocyclopentadiene <35.9 5/30/2001 at B1-4 1.3 390 2 0.2 Yes Yes
Hexachloroethane <35.9 5/30/2001 at B1-4 0.21 63 170 0.21 Yes Yes
Indeno (1,2,3-cd) pyrene 0.0688 SB-168 (0.0 - 2.0) 41 5 na 0.49 Yes Yes [k]
Isophorone <35.9 5/30/2001 at B1-4 3.1 5,300 na 3.1 Yes Yes
Isopropanol (propanol) - na na na na Yes Yes
Naphthalene 125 0-2 20 1,400 28 2.8 Yes Yes
Nitrobenzene <35.9 5/30/2001 at B1-4 0.094 51 120 0.094 Yes Yes
N-Nitrosodimethylamine <35.9 5/30/2001 at B1-4 0.000053 0.16 0.19 0.000053 Yes Yes
N-Nitrosodi-n-propylamine <35.9 5/30/2001 at B1-4 0.0011 0.52 na 0.0011 Yes Yes
N-Nitrosodiphenylamine <35.9 5/30/2001 at B1-4 15 750 na 15 Yes Yes
Pentachlorophenol <182 5/30/2001 at B1-4 0.0047 39 na 0.0047 Yes Yes
Phenanthrene 5.6 MW-176C 3,000 20,600 na 2,060 No No
Phenol <35.9 5/30/2001 at B1-4 68 23,200 na 68 No No
Pyrene 0.278 DO-21 (6.0-8.0) 1,000 1,400 na 140 No No
|Metals

Antimony 0.366 B3 3.6 41 na 3.6 Yes No
Arsenic 17.6 SB-101 (0.0 - 2.0) 3.9 4.5 na 0.45 Yes Yes
Barium 103 5/30/2001 at B-3 1,100 20,300 na 1,100 No No
Cadmium 0.469 5/30/2001 at B-3 5 79 na 5 No No
Chromium, Total 50.9 SB-157 (0.0 - 2.0) 25 300 na 25 Yes Yes
Copper 52.4 SB-140 (3.0 - 5.0) 460 4,100 na 410 Yes No
Iron 29000 SB-101 (0.0 - 2.0) 640 55,000 na 640 Yes Yes
Lead 7.48 5/30/2001 at B-3 na 400 na 40 No No
Mercury <0.0418 3/8/2001 at MW135 1.4 30 18 14 No No
Nickel 38 SB-118 (2.0-3.7) 8.6 2,000 na 8.6 Yes Yes
Selenium 0.635 SB-140 (3.0 - 5.0) 3.4 510 na 3.4 Yes No
Silver 0.107 B3 11.2 510 na 11.2 No No
Zinc 83.7 SB-140 (3.0 - 5.0) 4,100 30,400 na 3,040 Yes No
Other

Alkanol amines - na na na na Yes|o] Yes|o]
Alkylamines - na na na na Yes[o] Yes[o]
Alkylene amines - na na na na Yes[o] Yes[o]
Calcium - Nof[l] Nof[l]
Chloride - Nof[l] Nof[l]
Dinonylnaphthylsulfonic acid - na na na na Yes|o] Yes|o]
Fluoroalkyl Surfactant - na na na na Yes|o] Yes|o]
Heavy aromatic naptha (Naphtha, High Flash

Aromatic [HFAN]) - No[m] No[m]
Heavy paraffinic distillate (mixture) - No[m] No[m]
Iron Oxides - na na na na Yes|o] Yes[o]
2-Methoxymethylethoxy propanol - na na na na Yes|o] Yes|o]
Monoethanolamine - na na na na Yes|o] Yes|o]
Montmorillonite, calcined - na na na na Non Non
Silica - na na na na Yes|o] Yes|o]
Cyanide 0.15 SB-101 (0.0 - 2.0) 27 2,000 na 27 Yes|o] No
Sulfate - na na na na No [j] No [j]
Sulfolane 58.9 0-2 0.073 250 na 0.073 Yes Yes
GRO 7,730 3/8/2001 at MW135 300 1,400 1,400 140 Yes Yes
DRO 18800 SB-160 (6.4-8.4) 250 10,250 12,500 250 Yes Yes
RRO 64700 1236-072804-009 11,000 10,000 22,000 1,000 Yes Yes
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Table 3-2a
Constituents of Potential Concern in Soil and Groundwater

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

ADEC
Maximum Groundwater Groundwater Groundwater | Groundwater
Concentration (ug/L) | Maximum Observation or | Screening COPC in RAWP| COPC in 2012
Constituents of Interest [d,k] MRL Location Level (ug/L) | Source [b] HHRA [c]
VOCs
1,1-Dichloroethene <16.96 MW-125 & Dup 0.7 [e] Yes Yes
1,2,4-Trimethylbenzene 614 MW-139 & Dup 180 [e] Yes Yes
1,3,5-Trimethylbenzene 184 MW-139 & Dup 180 [e] Yes Yes
1-Chloronaphthalene <21.3 11/17/2006 at MW-106 290 [f] Noli] Noli]
4-Isopropyltoluene (p-cymene) 60.4 MW-139 & Dup na Yes Yes
Benzene 18500 MW-135 0.5 [e] Yes Yes
Chlorobenzene <1-<400 04/17/2007 at MW-138 10 [e] No No
cis-1,2-Dichloroethene 2.84 5/10/2001 at MW-116 7 [e] No No
Cyclohexane 542 MW-125 & Dup 1,300 [f] Yes No
Ethylbenzene 2750 MW-135 70 [e] Yes Yes
Isopropylbenzene (cumene) 106 5/10/2001 at MW-116 370 [e] No No
Methyl tert-butyl ether 7.1 MW-127 & Dup 47 [e] Yes No
Methylene chloride <12.16 MW-125 & Dup 0.5 [e] Yes Yes
n-Butylbenzene 14.3 5/10/2001 at MW-116 37 [e] No No
n-Hexane 64.8 MW-135 88 [f] Yes No
n-Propylbenzene 122 MW-139 & Dup 37 [e] Yes Yes
Propylene gylcol (1,2,-Propanediol) <2000 MW-110 73,000 [f] Yes No
Pyridine <21.3 11/17/2006 at MW-106 3.7 [fl Nol[i] Noli]
sec-Butylbenzene 18.6 5/10/2001 at MW-116 37 [e] No No
tert-Butylbenzene <0.002 5/10/2001 at MW-116 37 [e] No No
Toluene 30100 MW-135 100 [e] Yes Yes
Trichlorofluoromethane (Freon 11) <2 2001 all MWs analyzed 1,100 [e] No No
Xylenes 14,090 MW-135 1,000 [e] Yes Yes
SVOCs
1,2-Dichlorobenzene 14 04/17/2007 at MW-116 60 [e] No No
1,2-Diphenylhydrazine (as Azobenzene) <21.3 11/17/2006 at MW-106 0.084 [f] Nofi] Noli]
1,3-Dichlorobenzene < 1-< 400 04/17/2007 at MW-138 330 [e] No No
1-Methylnaphthalene 35 MW-139 & Dup 15 [e] Yes Yes
2,4,5-Trichlorophenol <10.6 11/17/2006 at MW-106 370 [el No No
2,4,6-Trichlorophenol <10.6 11/17/2006 at MW-106 7.7 [e] Noli] Noli]
2,4-Dichlorophenol <10.6 11/17/2006 at MW-106 11 [e] No No
2,4-Dimethylphenol 22 5/10/2001 at MW-116 73 [e] No No
2,4-Dinitrophenol <21.3 11/17/2006 at MW-106 7.3 [e] Noli] Noli]
2,4-Dinitrotoluene <10.6 11/17/2006 at MW-106 0.13 [e] Noli] Noli]
2,6-Dinitrotoluene <10.6 11/17/2006 at MW-106 0.13 [e] Noli] Nol[i]
2-Chloronaphthalene <10.6 11/17/2006 at MW-106 290 [f] No No
2-Chlorophenol <10.6 11/17/2006 at MW-106 18 [e] No No
2-Methylnaphthalene 30.9 MW-139 & Dup 15 [e] Yes Yes
2-Methylphenol (o-Cresol) <10.6 11/17/2006 at MW-106 180 [e] No No
2-Nitroaniline <21.3 11/17/2006 at MW-106 37 [f] No No
2-Nitrophenol <10.6 11/17/2006 at MW-106 na Nol[i] Nol[i]
3 & 4-Methylphenol (m,p-Cresol) <10.6 11/17/2006 at MW-106 18 [e] No No
3,3-Dichlorobenzidine <21.3 11/17/2006 at MW-106 0.19 [e] Nol[i] Nol[i]
3-Nitroaniline <10.6 11/17/2006 at MW-106 na Nol[i] Noli]
4,6-Dinitro-2-methylphenol <10.6 11/17/2006 at MW-106 na Noli] Nol[i]
4-Bromophenyl phenyl ether <10.6 11/17/2006 at MW-106 na Noli] Noli]
4-Chloro-3-methylphenol <10.6 11/17/2006 at MW-106 na Nol[i] Nol[i]
4-Chloroaniline <10.6 11/17/2006 at MW-106 1.6 [e] Noli] Noli]
4-Chlorophenyl phenyl ether <10.6 11/17/2006 at MW-106 na Nol[i] Nol[i]
4-Nitroaniline <10.6 11/17/2006 at MW-106 3.4 Nol[i] Nol[i]
4-Nitrophenol <10.6 11/17/2006 at MW-106 na Noli] Nol[i]
Acenaphthene <0.0588 MW-106 220 [e] No No
Acenaphthylene <0.0588 MW-106 220 [e] No No
Anthracene <0.0588 MW-106 1,100 [e] No No
Benzidine <21.3 11/17/2006 at MW-106 0.000094 [fl Nol[i] Nol[i]
Benzo (a) anthracene <0.0588 MW-106 0.12 [e] Yes No [K]
Benzo (a) pyrene <0.0588 MW-106 0.012 [e] Yes No [K]
Benzo (b) fluoranthene <0.0588 MW-106 0.12 [e] Yes No [K]
Benzo (g,h,i) perylene <0.0588 MW-106 110 [e] No No
Benzo (k) fluoranthene <0.0588 MW-106 1.2 [e] Yes No [K]
Benzoic Acid <106 11/17/2006 at MW-106 15,000 [e] No No
Benzyl alcohol <10.6 11/17/2006 at MW-106 370 [f] No No
Bis(2-chloroethoxy)methane <10.6 11/17/2006 at MW-106 11 [f] No No
Bis(2-chloroethyl)ether <10.6 11/17/2006 at MW-106 0.077 [e] Noli] Noli]
Bis(2-chloroisopropyl)ether <10.6 11/17/2006 at MW-106 na No No
Bis(2-ethylhexyl)phthalate <53.2 11/17/2006 at MW-106 0.6 [e] Nol[i] Nol[i]
Butyl benzyl phthalate <10.6 11/17/2006 at MW-106 730 [e] No No
Carbazole <10.6 11/17/2006 at MW-106 4.3 [e] Noli] Nol[i]
Chrysene <0.0588 MW-106 12 [e] No No [K]
Dibenzo (a,h) anthracene <0.0588 MW-106 0.012 [e] Yes No [K]
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Constituents of Potential Concern in Soil and Groundwater

Table 3-2a

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

ADEC
Maximum Groundwater Groundwater Groundwater | Groundwater
Concentration (ug/L) | Maximum Observation or | Screening COPC in RAWP| COPC in 2012
Constituents of Interest [d,k] MRL Location Level (ug/L) | Source [b] HHRA [c]
Dibenzofuran <6.4 MW-135 7.3 [e] Yes No
Diethyl phthalate <10.6 11/17/2006 at MW-106 2,900 [e] No
Dimethyl phthalate <10.6 11/17/2006 at MW-106 37,000 [e] No No
Di-n-butyl phthalate <10.6 11/17/2006 at MW-106 na Noli] Nol[i]
Di-n-Octylphthalate 12 5/10/2001 at MW-225 150 [e] No No
Fluoranthene <0.0588 MW-106 150 [e] No No
Fluorene <0.0588 MW-106 150 [e] No No
No [i]
Hexachlorobenzene <10.6 11/17/2006 at MW-106 0.1 [e] No
No [i]
Hexachlorobutadiene <10.6 11/17/2006 at MW-106 0.73 [e] No
No [i]
Hexachlorocyclopentadiene <10.6 11/17/2006 at MW-106 5 [e] No
No [i]
Hexachloroethane <10.6 11/17/2006 at MW-106 4 [e] No
Indeno (1,2,3-cd) pyrene <0.0588 MW-106 0.12 [e] Yes No [K]
Isophorone <10.6 11/17/2006 at MW-106 90 [e] No No
Isopropanol (propanol) <400 MW-113 na Yes Yes
Naphthalene 300 MW-139 & Dup 73 [e] Yes Yes
Nitrobenzene <10.6 11/17/2006 at MW-106 1.8 [e] No [i] No [i]
N-Nitrosodimethylamine <21.3 11/17/2006 at MW-106 0.0017 [e] No [i] No [i]
N-Nitrosodi-n-propylamine <10.6 11/17/2006 at MW-106 0.012 [e] No [i] No [i]
N-Nitrosodiphenylamine <10.6 11/17/2006 at MW-106 17 [e] No No
Pentachlorophenol <10.6 11/17/2006 at MW-106 0.1 [e] No [i] No [i]
Phenanthrene <0.0588 MW-106 1,100 [e] No No
Phenol <10.6 11/17/2006 at MW-106 1,100 [e] No No
Pyrene <0.0588 MW-106 110 [e] No No
Metals
Antimony 0.389 MW-110 0.6 [e] Yes No
Arsenic 68.5 5/10/2001 at MW-116 1 [e] No [j] No [j]
Barium 481 MW-110 200 [e] Yes Yes
Cadmium <12 MW-110 0.5 [c] Yes Yes
Chromium, Total 3 MW-110 10 [e] Yes No
Copper 9.07 MW-149A 100 [e] No No
Iron 56,900 MW-110 2,600 [f] Yes Yes
Lead 2.05 MW-110 15 [e] Yes Yes
Mercury <0.2 2001 all MWs analyzed 0.2 [e] No No
Nickel 9.57 3/4/2011 at MW-171A 10 [e] No No
Selenium 2.86 MW-141 5 [e] Yes No
Silver 5.02 5/10/2001 at MW-115 10 [e] No No
Zinc 9.17 3/8/2011 MW-171A 500 [e] No No
Other
Alkanol amines - na Yes[o] Yes[o]
Alkylamines -- na Yes[o] Yes[o]
Alkylene amines -- na Yes[o] Yes[o]
Calcium - na Nol[l] Nol[l]
Chloride - na Nol[l] Nol[l]
Dinonylnaphthylsulfonic acid - na Yes[o] Yes[o]
Fluoroalkyl Surfactant - na Yes[o] Yes[o]
Heavy aromatic naptha (Naphtha, High Flash
Aromatic [HFAN]) -- na No[m] No[m]
Heavy paraffinic distillate (mixture) -- na No[m] No[m]
Iron Oxides -- na Yes[o] Yes[o]
2-Methoxymethylethoxy propanol - na Yes[o] Yes[o]
Monoethanolamine - na Yes[o] Yes[o]
Montmorillonite, calcined -- na No[n] No[n]
Silica -- na Yes[o] Yes[o]
Cyanide 5.6 MW-125 20 [e] Yes[o] No
Sulfate 38600 MW-131 na No [j] No [j]
Sulfolane 10400 O-1 5 [e] Yes Yes
GRO 20800 MW-135 220 [e] Yes Yes
DRO 2150 MW-110 150 [e] Yes Yes
RRO 278 MW-135 110 [e] Yes Yes
ARCADIS
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Table 3-2a
Constituents of Potential Concern in Soil and Groundwater

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Notes:

"mg/kg" = milligrams per kilogram.

"ug/L" = micrograms per liter.

"ADEC" = Alaska Department of Environmental Conservation.

"BaP TEQ" = benzo(a) pyrene toxicty equivalent

"COPC" = constituent of potential concern

"DRO" = Total petroleum hydrocarbons diesel range organics = DRO
"GRO" = Total petroleum hydrocarbons gasoline range organics = GRO
"MDL" = method detection limit

"PAH" = polycyclic aromatic hydrocarbon

"RRO" = Total petroleum hydrocarbons residual range organics = RRO
"<" = not detected at the PQL indicated.

"--" = not analyzed.

"na" = not available.

[a] Values from the soil HHRA dataset (available electronically), plus maximum reporting limits from historical documents for non-detected compounds that were not analyzed in the HHRA dataset.
[b] As presented in Table 2 of the RAWP (ARCADIS, 2011).
[c] Revised COPC list selected based on the 2012 HHRA dataset and historical reporting limits, as presented in this table. The following rules were used to select COPCs:
1. If the maximum detected concentration exceeds the selected screening level, the constituent is retained as a COPC
2. If the maximum reporting limit exceeds the selected screening level, the constituent is retained as a COPC
3. If no screening level is available, the constituent is retained as a COPC
4. Constituents not included in the ingredient list but analyzed in soil or groundwater as part of full-scan VOC analyses were excluded as COPCs if never detected above the MDL.
5. Constituents detected within range of regional background levels were not selected as a COPC (USGS Fact Sheet FS-111-01)
6. PAHSs included in the BaP TEQ calculation are included as COPCs if BaP TEQ is a COPC.
[d] Values from the onsite groundwater dataset (2009-2011) used in the 2012 HHRA.
[e] ADEC 2009 Table C Method Two groundwater cleanup level modified to 1E-6 target risk or 0.1 hazard quotient
[f] USEPA (2011) Regional Screening Level modified to 1E-6 target risk or 0.1 hazard quotient.
[g] SWI 2010, Table 3
[h] Based on the lowest of: migration to groundwater CUL, or 1/10th of the direct contact or outdoor inhalation CUL, provided in Tables B1 and B2 of 18 AAC75
[i] COI not included on ingredient list, but was analyzed in soil and/or groundwater as part of full-scan VOC analyses. Not selected as COPC because constituent was not detected above the MDL.
[j] concentrations within range of regional background levels, not selected as a COPC (USGS Fact Sheet FS-111-01)
[k] Included in Benzo(a)pyrene TEQ calculation
[I] ubiquitous in natural waters, not selected as a COPC
[m] compound is a petroleum distillate composed of several individual substances, not selected as a COPC
[n] this is a type of clay, not selected as a COPC
[o] subject to further discussion with ADEC
The USEPA (2010) Regional Screening Level Tables were the source of screening levels for 1,2-Diphenylhydrazine (as Azobenzene), and Benzidine
The USEPA (2010) Regional Screening Level Tables were adjusted for a hazard index of 0.1 for non-cancer screening levels for 1-Chloronaphthalene, 2-Chloronaphthalene,
2-Nitroaniline, Benzyl alcohol, Bis(2-chloroethoxy)methane, Cyclohexane, h-Hexane, Iron, Propylene glycol, and Pyridine.
Sulfolane values based on calculations provided in ADEC (2008) Cleanup Level Guidance
USEPA = United States Environmental Protection Agency Integrated Risk Information System (2011)
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Table 3-2b
Summary of Constituents of Potential Concern

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

. Surface and Soil Gas Onsllte .

Constituent SurfacaiSol Subsurface Soil COPC = Gl
COPC [a,b] CoPC COPC [a] COPC [a]
COPC [a,c] [d]
[a.e]
Metals
Antimony N N N N N N
Arsenic Y Y - - Y N
Barium -- N N Y Y N
Cadmium - N N Y Y N
Chromium, Total Y Y N N Y N
Copper N N N N N N
Iron Y Y N Y Y N
Lead - N N Y ' N
Mercury - N - - N N
Nickel Y Y - - Y N
Selenium N N N N N N
Silver -- N - - N N
Zinc N N - - N N
VOCs
1,1-Dichloroethene Y Y Y Y Y N
1,2,4-Trimethylbenzene Y Y Y Y Y N
1,3,5-Trimethylbenzene Y Y Y Y Y N
1-Chloronaphthalene - - - - N N
4-|sopropyltoluene (p-cymene) Y Y Y Y Y N
Benzene Y Y Y Y Y N
Chlorobenzene Y Y - - Y N
cis-1,2-Dichloroethene Y Y - - Y N
Cyclohexane Y Y N N Y N
Ethylbenzene Y Y Y Y Y N
Isopropylbenzene (cumene) Y Y - - Y N
Methyl tert-butyl ether Y Y N N Y N
Methylene chloride Y Y Y Y Y N
n-Butylbenzene Y Y - - Y N
n-Hexane Y Y N N Y N
n-Propylbenzene Y Y Y Y Y N
Propylene gylcol (1,2,-Propanediol) - - N N N N
Pyridine - - - - N N
sec-Butylbenzene - Y - - Y N
tert-Butylbenzene N N - - N N
Toluene Y Y Y Y Y N
Trichlorofluoromethane (Freon 11) - N - - N N
Xylenes Y Y Y Y Y N
SVOCs
1,2-Dichlorobenzene Y Y - - Y N
1,2-Diphenylhydrazine (as Azobenzene) -- - - - N N
1,3-Dichlorobenzene Y Y - - Y N
1-Methylnaphthalene Y Y Y Y Y N
2,4,5-Trichlorophenol - - - - N N
2,4,6-Trichlorophenol Y Y - - Y N
2,4-Dichlorophenol Y Y - - Y N
2,4-Dimethylphenol Y Y - - Y N
2,4-Dinitrophenol Y Y - - Y N
2,4-Dinitrotoluene Y Y - - Y N
2,6-Dinitrotoluene Y Y - - Y N
2-Chloronaphthalene -- -- - - N N
2-Chlorophenol Y Y -- -- Y N
2-Methylnaphthalene Y Y Y Y Y N
2-Methylphenol (o-Cresol) Y Y - - Y N
2-Nitroaniline -- - - - N N
2-Nitrophenol - - - - N N
3 & 4-Methylphenol (m,p-Cresol) Y Y -- - Y N
3,3-Dichlorobenzidine Y Y - - Y N
3-Nitroaniline -- - - - N N
4,6-Dinitro-2-methylphenol N N - - N N
4-Bromophenyl phenyl ether - - - - N N
4-Chloro-3-methylphenol - - - - N N
4-Chloroaniline Y Y - - Y N
4-Chlorophenyl phenyl ether - - - - N N
4-Nitroaniline - - - - N N
4-Nitrophenol - - - - N N
Benzidine -- - - - N N
Benzoic Acid N N - - N N
Benzyl alcohol N N - - N N
Bis(2-chloroethoxy)methane N N - - N N
Bis(2-chloroethyl)ether Y Y - - Y N
Bis(2-chloroisopropyl)ether - - - - N N
Bis(2-ethylhexyl)phthalate N N -- - N N
Butyl benzyl phthalate N N - - N N
Carbazole -- - - - N N
ARCADIS
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Table 3-2b

Summary of Constituents of Potential Concern

Human Health Risk Assessment
Flint Hills North Pole Refinery

North Pole, Alaska

Constituent

Surface Soil
COPC [a,b]

Surface and
Subsurface Soil
COPC [a,c]

Soil Gas
COPC
[d]

COPC [a]

Offsite
COPC [a]

Dibenzofuran

Diethyl phthalate

Dimethyl phthalate
Di-n-butyl phthalate
Di-n-Octylphthalate
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocyclopentadiene
Hexachloroethane
Isophorone

Isopropanol (propanol)
Nitrobenzene
N-Nitrosodimethylamine
N-Nitrosodi-n-propylamine
N-Nitrosodiphenylamine
Pentachlorophenol

Phenol

N
N

<< < < <!

zZ << <<=

N
N

<< < < <!

zZ << =< <<

Z << << <<<<<<=<xzZZZZZ

z2zzZzzzzzzzzZ2zz2zZzz2zZzZZ

PAHs

Acenaphthene
Acenaphthylene
Anthracene

Benzo (a) anthracene
Benzo (a) pyrene

Benzo (b) fluoranthene
Benzo (g,h,i) perylene
Benzo (k) fluoranthene
Chrysene

Dibenzo (a,h) anthracene
Fluoranthene

Fluorene

Indeno (1,2,3-cd) pyrene
Naphthalene
Phenanthrene

Pyrene

Total Benzo(a)pyrene TEQ

<zZz<x<zZzZ<<<Z<<=<zZ2ZZ

<zZz<x<zZzZ<<<Z<<=<zZ2ZZ

Z2zZ2zZ2<<zZ2zZzz2zzz2zzz2zZzz2zZ2zZz
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Miscellaneous

Alkanol amines

Alkylamines

Alkylene amines

Calcium

Chloride

Dinonylnaphthylsulfonic acid
Fluoroalkyl Surfactant

Heavy aromatic naptha (Naphtha, High Flash Aromatic [HFAN])
Heavy paraffinic distillate (mixture)
Iron Oxides
2-Methoxymethylethoxy propanol
Monoethanolamine
Montmorillonite, calcined

Silica

Cyanide

Sulfate

Sulfolane

GRO

DRO

RRO

< < < <

< < < <

< <X <X <KZ2Z2Z2Z2Z2Z2Z2Z2Z2Z2Z2zZ2Z2zZZZZ

zZ2zZ22zZ2<<zZ2zZ2z2zz2zzZ2zZ2zZ2zZ2zZ2zZ2zZ2zZ2zZ2zZz

Notes:

[a] COPCs are defined as described in the main text and in Table 3-2a.
[b] Soil data from the O to 2.5 ft bgs interval was used to evaluate exposure to surface soil.

[c] Soil data from the 0 to 15.5 ft bgs interval was used to evaluate exposure to surface and subsurface soil.
[d] Volatile compounds selected as groundwater COPCs were selected as soil gas COPCs.

[e] Groundwater data from the most recent two years of sampling (2009 through 2011) for wells without LNAPL were used to evaluate exposure to groundwater.

bgs = below ground surface

COPC = constituent of potential concern

FOD = frequency of detection

TEQ = toxicity equivalents

PAH = polycyclic aromatic hydrocarbon

VOC = volatile organic compound

N = no; Constituent is not a COPC

Y = yes; Constituent is a COPC

-- = no data available; Constituent is not a COPC

FHR_HHRA_onsite-offsite_UCLsoil_MAXgw_PPRTV Scenario_040312.xlsm
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Table 3-3

Area-Wide Summary Statistics and UCL Exposure Point Concentrations for Surface Soil (0 to 2 ft below ground surface)

Human Health Risk Assessment
Flint Hills North Pole Refinery

North Pole, Alaska

COPC [a] s;'i‘;';'e o omoer Foﬁ,](%) Min[c] | Max[c] | Mean[c] | Median [c] sD UCL Method ucL EPC [d]
Metals

Arsenic 26 26 100 2.45 17.6 6.386 5.095 3.501 95% Approximate Gamma UCL 7.601 7.6E+00
Chromium, Total 26 26 100 8.83 50.9 16.99 14.9 8.051 95% Approximate Gamma UCL 19.39 1.9E+01
Iron 26 26 100 7790 29000 15081 12900 5471 95% Approximate Gamma UCL 16960 1.7E+04
Nickel 26 26 100 11.2 28.5 18.63 18.05 4.884 95% Student's-t UCL 20.27 2.0E+01
VOCs

1,3,5-Trimethylbenzene 26 2 8 0.0141 0.0223 0.0182 0.0182 0.0058 - -- 2.2E-02
4-Isopropyltoluene (p-cymene) 26 2 8 0.0118 0.0182 0.015 0.015 0.00453 - - 1.8E-02
Benzene 104 26 25 0.00243 0.597 0.0664 0.00937 0.135 95% Chebyshev (Mean, Sd) UCL 0.0508 5.1E-02
Cyclohexane 26 5 19 0.00949 0.1 0.0306 0.0129 0.0391 95% Chebyshev (Mean, Sd) UCL 0.0293 2.9E-02
Ethylbenzene 104 20 19 0.00544 2.36 0.374 0.0196 0.68 95% Chebyshev (Mean, Sd) UCL 0.218 2.2E-01
Methylene chloride 26 3 12 0.0286 0.0604 0.0477 0.0541 0.0168 - - 6.0E-02
n-Hexane 26 4 15 0.0131 0.116 0.0532 0.0419 0.0486 - -- 1.2E-01
Toluene 104 19 18 0.00663 1.04 0.131 0.0217 0.254 95% Chebyshev (Mean, Sd) UCL 0.0815 8.2E-02
Xylenes 104 25 24 0.0161 10.3 0.935 0.0572 2.26 95% Chebyshev (Mean, Sd) UCL 0.739 7.4E-01
SVOCs

1-Methylnaphthalene 104 23 22 0.0019 3.21 0.349 0.05 0.747 95% Chebyshev (Mean, Sd) UCL 0.242 2.4E-01
2-Methylnaphthalene 104 25 24 0.00182 3.66 0.356 0.0266 0.836 95% Chebyshev (Mean, Sd) UCL 0.274 2.7E-01
PAHs

Benzo (a) anthracene 104 2 2 0.0241 0.0605 0.0423 0.0423 0.0257 - - 6.1E-02
Benzo (a) pyrene 104 2 2 0.0311 0.0924 0.0618 0.0618 0.0433 - -- 9.2E-02
Benzo (b) fluoranthene 104 9 9 0.00173 0.108 0.0184 0.00282 0.0358 95% Chebyshev (Mean, Sd) UCL 0.0155 1.6E-02
Benzo (k) fluoranthene 104 2 2 0.0132 0.0404 0.0268 0.0268 0.0192 - -- 4.0E-02
Chrysene 104 18 17 0.00201 0.783 0.118 0.0249 0.214 95% Chebyshev (Mean, Sd) UCL 0.0659 6.6E-02
Dibenzo (a,h) anthracene 104 1 1 0.0171 0.0171 0.0171 0.0171 N/A - -- 1.7E-02
Indeno (1,2,3-cd) pyrene 104 3 3 0.00161 0.0688 0.029 0.0165 0.0353 - - 6.9E-02
Naphthalene 104 18 17 0.00176 0.631 0.106 0.0113 0.182 95% Chebyshev (Mean, Sd) UCL 0.0592 5.9E-02
Total Benzo(a)pyrene TEQ 104 24 23 0.00356 0.225 0.0383 0.0178 0.0578 95% Chebyshev (Mean, Sd) UCL 0.0317 3.2E-02
FHR_HHRA_onsite-offsite_UCLsoil_MAXgw_PPRTV Scenario_040312.xlsm ARCADIS Page 1 of 2



Table 3-3

Area-Wide Summary Statistics and UCL Exposure Point Concentrations for Surface Soil (0 to 2 ft below ground surface)

Human Health Risk Assessment
Flint Hills North Pole Refinery

North Pole, Alaska

COPC [a] s;'i‘;';'e o?g’;':z:s Foﬁ,](%) Min[c] | Max[c] | Mean[c] | Median [c] ) UCL Method ucL EPC [d]
Miscellaneous

Sulfolane 99 3 3 000515 | 00377 0.0188 0.0135 0.0169 - - 38602
GRO 26 4 15 0.604 5.35 2.216 1.456 2.204 - - 5.4E+00
DRO 26 17 65 7.65 869 93.16 25.9 206.7 95% Chebyshev (Mean, Sd) UCL 209.1 21E+02
RRO 26 22 85 19.6 8450 524.7 71 1785 95% Chebyshev (Mean, Sd) UCL 1853 1.9E+03

Notes:

[a] COPCs are defined as described in the main text and Table 3-2a.
[b] FOD is based on inclusion of some historical data for which only detected concentrations are reported. FOD is not considered accurate for the entire dataset.

[d] The EPC is defined as the 95% UCL calculated using ProUCL v. 4.00.05.

[c] Minimum, maximum, mean, and median concentrations are based on detected concentrations.

The maximum detected concentration was used to represent the EPC when fewer than five detected concentrations and eight samples were available.

All concentrations are in units of mg/kg.
BCA = bias corrected accelerated

COPC = constituent of potential concern
DRO = Diesel range organics

EPC = exposure point concentration

FOD = frequency of detection

GRO = Gasoline range organics

KM = Kaplan-Meier

mg/kg = milligram(s) per kilogram

N/A = not available; insufficient data

PAH = polycyclic aromatic hydrocarbon
RRO = Residual range organics

TEQ = toxicity equivalents

SD = standard deviation

SVOCs = semi-volatile organic compounds
UCL = upper confidence limit on the mean
VOCs = volatile organic compounds

FHR_HHRA_onsite-offsite_UCLsoil_MAXgw_PPRTV Scenario_040312.xlsm
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Table 3-4a

Area-Wide Summary Statistics and Maximum Exposure Point Concentrations for Subsurface Soil (0 to 15 ft below ground surface)

Human Health Risk Assessment - PPRTV Scenario and ARCADIS Comparative Scenario

Flint Hills North Pole Refinery
North Pole, Alaska

COPC [a] s;’;‘z';'e o?g':t:ec:s F°[[;](%) Min[c] | Max[c] | Mean[c] | Median [c] sD UCL Method ucL EPC [d]
Metals
Arsenic 69 69 100 2.16 17.6 5.525 4.18 3.406 95% Chebyshev (Mean, Sd) UCL 7.313 1.8E+01
Chromium, Total 69 69 100 7.69 50.9 15.84 13.9 7.03 95% Approximate Gamma UCL 17.15 5.1E+01
Iron 62 62 100 7330 29000 13815 11450 5719 95% Modified-t UCL 15048 2.9E+04
Nickel 62 62 100 8.88 38 17.58 15.7 6.458 95% Approximate Gamma UCL 18.94 3.8E+01
VOCs
1,2,4-Trimethylbenzene 90 26 29 0.0567 205 30.46 13.6 47.56 95% Chebyshev (Mean, Sd) UCL 22.03 2.1E+02
1,3,5-Trimethylbenzene 89 27 30 0.0141 81.1 10.6 4.57 18.14 95% Chebyshev (Mean, Sd) UCL 8.31 8.1E+01
4-|sopropyltoluene (p-cymene) 90 24 27 0.0118 20.2 2.745 1.165 4575 95% Chebyshev (Mean, Sd) UCL 2.026 2.0E+01
Benzene 318 122 38 0.00243 82 3.904 0.232 10.35 95% Chebyshev (Mean, Sd) UCL 3.131 8.2E+01
Cyclohexane 62 21 34 0.00949 44.9 5.395 0.0375 10.95 95% Chebyshev (Mean, Sd) UCL 5.585 4.5E+01
Ethylbenzene 318 122 38 0.00544 111 12.7 0.947 22.96 95% Chebyshev (Mean, Sd) UCL 8.659 1.1E+02
Isopropylbenzene (cumene) 90 24 27 0.0102 41.6 5.561 1.845 9.393 95% Chebyshev (Mean, Sd) UCL 3.96 4.2E+01
Methylene chloride 63 7 11 0.0282 0.188 0.0643 0.0541 0.0561 95% Chebyshev (Mean, Sd) UCL 0.29 1.9E-01
n-Butylbenzene 90 16 18 0.00998 107 11.72 3.34 26.79 95% Chebyshev (Mean, Sd) UCL 7.626 1.1E+02
n-Hexane 62 17 27 0.0126 13 3.024 0.116 4.717 95% Chebyshev (Mean, Sd) UCL 2.369 1.3E+01
n-Propylbenzene 90 23 26 0.0145 72.7 10.49 3.8 17.46 95% Chebyshev (Mean, Sd) UCL 7.203 7.3E+01
sec-Butylbenzene 28 11 39 0.162 25.3 5.162 2.25 7.488 95% Chebyshev (Mean, Sd) UCL 6.552 2.5E+01
Toluene 318 100 31 0.00659 392 24.38 0.654 67.73 95% Chebyshev (Mean, Sd) UCL 17.34 3.9E+02
Xylenes 318 132 42 0.0161 706 62.17 0.991 127.8 95% Chebyshev (Mean, Sd) UCL 47.25 7.1E+02
SVOCs
1-Methylnaphthalene 287 123 43 0.00159 88.5 5.827 0.463 11.78 95% Chebyshev (Mean, Sd) UCL 4.614 8.9E+01
2-Methylnaphthalene 314 139 44 0.00159 240 9.68 0.711 25.24 95% Chebyshev (Mean, Sd) UCL 8.584 2.4E+02
PAHs
Benzo (a) anthracene 287 14 5 0.00198 0.0988 0.0329 0.0279 0.0289 95% Chebyshev (Mean, Sd) UCL 0.0117 9.9E-02
Benzo (a) pyrene 287 13 5 0.00294 0.0952 0.0364 0.0283 0.0345 95% Chebyshev (Mean, Sd) UCL 0.0119 9.5E-02
Benzo (b) fluoranthene 287 20 7 0.00166 0.108 0.0216 0.00698 0.0316 95% Chebyshev (Mean, Sd) UCL 0.0206 1.1E-01
Benzo (k) fluoranthene 287 9 3 0.00214 0.0404 0.0132 0.011 0.013 95% Chebyshev (Mean, Sd) UCL 0.0194 4.0E-02
Chrysene 287 56 20 0.00201 0.783 0.0713 0.0234 0.142 95% Chebyshev (Mean, Sd) UCL 0.0354 7.8E-01
Dibenzo (a,h) anthracene 287 6 2 0.002 0.018 0.0104 0.0103 0.00718 95% Chebyshev (Mean, Sd) UCL 0.00988 1.8E-02
Indeno (1,2,3-cd) pyrene 287 12 4 0.00161 0.0688 0.0247 0.018 0.0224 95% Chebyshev (Mean, Sd) UCL 0.0109 6.9E-02
Naphthalene 314 132 42 0.00165 125 5.055 0.347 13.55 95% Chebyshev (Mean, Sd) UCL 4.371 1.3E+02
Total Benzo(a)pyrene TEQ 228 62 27 0.00356 0.225 0.0366 0.0179 0.0508 95% Chebyshev (Mean, Sd) UCL 0.0257 2.3E-01

12/30/11

FHR_HHRA_onsite-offsite_UCLsoil_MAXgw_PPRTV Scenario_040312.xIsm ARCADIS Page 1 of 2




Human Health Risk Assessment - PPRTV Scenario and ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Table 3-4a
Area-Wide Summary Statistics and Maximum Exposure Point Concentrations for Subsurface Soil (0 to 15 ft below ground surface)

Sample

COPC [a] Sive

Number
of Detects

FOD (%)
[b]

Min [c]

Max [c]

Mean [c]

Median [c]

SD

UCL Method

UCL

EPC [d]

Miscellaneous

Sulfolane 277
GRO 76
DRO 106
RRO 121

70
28
71
89

25
37
67
74

0.00434
0.604
7.65
0.162

18.4
7730
18800
64700

0.411
782.8
1546
5042

0.0496
127
226
108

2.204
1611

2905

13078

95% Chebyshev (Mean, Sd) UCL
95% Chebyshev (Mean, Sd) UCL
95% Chebyshev (Mean, Sd) UCL
95% Chebyshev (Mean, Sd) UCL

0.454
808.3
2111
8236

1.8E+01
7.7E+03
1.9E+04
6.5E+04

Notes:
All concentrations are in units of mg/kg.

[a] COPCs are defined as described in the main text and Table 3-2a.

[b] FOD is based on inclusion of some historical data for which only detected concentrations are reported. FOD is not considered accurate for the entire dataset.
[c] Minimum, maximum, mean, and median concentrations are based on detected concentrations.
[d] The maximum detected concentration was used to represent the EPC.

BCA = bias corrected accelerated

COPC = constituent of potential concern
EPC = exposure point concentration

DRO = Diesel range organics

FOD = frequency of detection

GRO = Gasoline range organics

KM = Kaplan-Meier

mg/kg = milligram(s) per kilogram

N/A = not available; insufficient data

PAH = polycyclic aromatic hydrocarbon
RRO = Residual range organics

SD = standard deviation

SVOCs = semi-volatile organic compounds
TEQ = toxicity equivalents

TPH = total petroleum hydrocarbons

UCL = upper confidence limit on the mean
VOC = volatile organic compound

12/30/11
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Table 3-4b

Area-Wide Summary Statistics and UCL Exposure Point Concentrations for Subsurface Soil (0 to 15 ft below ground surface)

Human Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

COPC [a] Sample | umber FORD](%) Min[c] | Max[c] | Mean[c] | Median [c] sD UCL Method ucL EPC [d]
Metals
Arsenic 69 69 100 2.16 17.6 5.525 4.18 3.406 95% Chebyshev (Mean, Sd) UCL 7.313 7.3E+00
Chromium, Total 69 69 100 7.69 50.9 15.84 13.9 7.03 95% Approximate Gamma UCL 17.15 1.7E+01
Iron 62 62 100 7330 29000 13815 11450 5719 95% Modified-t UCL 15048 1.5E+04
Nickel 62 62 100 8.88 38 17.58 15.7 6.458 95% Approximate Gamma UCL 18.94 1.9E+01
VOCs
1,2,4-Trimethylbenzene 90 26 29 0.0567 205 30.46 13.6 47.56 95% Chebyshev (Mean, Sd) UCL 22.03 2.2E+01
1,3,5-Trimethylbenzene 89 27 30 0.0141 81.1 10.6 4.57 18.14 95% Chebyshev (Mean, Sd) UCL 8.31 8.3E+00
4-Isopropyltoluene (p-cymene) 90 24 27 0.0118 20.2 2.745 1.165 4.575 95% Chebyshev (Mean, Sd) UCL 2.026 2.0E+00
Benzene 318 122 38 0.00243 82 3.904 0.232 10.35 95% Chebyshev (Mean, Sd) UCL 3.131 3.1E+00
Cyclohexane 62 21 34 0.00949 449 5.395 0.0375 10.95 95% Chebyshev (Mean, Sd) UCL 5.585 5.6E+00
Ethylbenzene 318 122 38 0.00544 111 12.7 0.947 22.96 95% Chebyshev (Mean, Sd) UCL 8.659 8.7E+00
Isopropylbenzene (cumene) 90 24 27 0.0102 41.6 5.561 1.845 9.393 95% Chebyshev (Mean, Sd) UCL 3.96 4.0E+00
Methylene chloride 63 7 11 0.0282 0.188 0.0643 0.0541 0.0561 95% Chebyshev (Mean, Sd) UCL 0.29 2.9E-01
n-Butylbenzene 90 16 18 0.00998 107 11.72 3.34 26.79 95% Chebyshev (Mean, Sd) UCL 7.626 7.6E+00
n-Hexane 62 17 27 0.0126 13 3.024 0.116 4.717 95% Chebyshev (Mean, Sd) UCL 2.369 2.4E+00
n-Propylbenzene 90 23 26 0.0145 72.7 10.49 3.8 17.46 95% Chebyshev (Mean, Sd) UCL 7.203 7.2E+00
sec-Butylbenzene 28 11 39 0.162 25.3 5.162 2.25 7.488 95% Chebyshev (Mean, Sd) UCL 6.552 6.6E+00
Toluene 318 100 31 0.00659 392 24.38 0.654 67.73 95% Chebyshev (Mean, Sd) UCL 17.34 1.7E+01
Xylenes 318 132 42 0.0161 706 62.17 0.991 127.8 95% Chebyshev (Mean, Sd) UCL 47.25 4.7E+01
SVOCs
1-Methylnaphthalene 287 123 43 0.00159 88.5 5.827 0.463 11.78 95% Chebyshev (Mean, Sd) UCL 4.614 4.6E+00
2-Methylnaphthalene 314 139 44 0.00159 240 9.68 0.711 25.24 95% Chebyshev (Mean, Sd) UCL 8.584 8.6E+00
PAHs
Benzo (a) anthracene 287 14 5 0.00198 0.0988 0.0329 0.0279 0.0289 95% Chebyshev (Mean, Sd) UCL 0.0117 1.2E-02
Benzo (a) pyrene 287 13 5 0.00294 0.0952 0.0364 0.0283 0.0345 95% Chebyshev (Mean, Sd) UCL 0.0119 1.2E-02
Benzo (b) fluoranthene 287 20 7 0.00166 0.108 0.0216 0.00698 0.0316 95% Chebyshev (Mean, Sd) UCL 0.0206 2.1E-02
Benzo (k) fluoranthene 287 9 3 0.00214 0.0404 0.0132 0.011 0.013 95% Chebyshev (Mean, Sd) UCL 0.0194 1.9E-02
Chrysene 287 56 20 0.00201 0.783 0.0713 0.0234 0.142 95% Chebyshev (Mean, Sd) UCL 0.0354 3.5E-02
Dibenzo (a,h) anthracene 287 6 2 0.002 0.018 0.0104 0.0103 0.00718 95% Chebyshev (Mean, Sd) UCL 0.00988 9.9E-03
Indeno (1,2,3-cd) pyrene 287 12 4 0.00161 0.0688 0.0247 0.018 0.0224 95% Chebyshev (Mean, Sd) UCL 0.0109 1.1E-02
Naphthalene 314 132 42 0.00165 125 5.055 0.347 13.55 95% Chebyshev (Mean, Sd) UCL 4.371 4.4E+00
Total Benzo(a)pyrene TEQ 228 62 27 0.00356 0.225 0.0366 0.0179 0.0508 95% Chebyshev (Mean, Sd) UCL 0.0257 2.6E-02
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Table 3-4b

Area-Wide Summary Statistics and UCL Exposure Point Concentrations for Subsurface Soil (0 to 15 ft below ground surface)

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

COPC [a] s"s’i‘;':'e o:';';';gs FORD](%) Min[c] | Max[c] | Mean[c] | Median[c] sD UCL Method ucL EPC [d]
Miscellaneous

Sulfolane 277 70 %5 0.00434 184 0411 0.0496 2204 95% Chebyshev (Mean, Sd) UCL 0.454 45601
GRO 76 28 37 0.604 7730 782.8 127 1611 95% Chebyshev (Mean, Sd) UCL 808.3 8.1E+02
DRO 106 7 67 7.65 18800 1546 226 2905 95% Chebyshev (Mean, Sd) UCL 2111 2.1E+03
RRO 121 89 74 0.162 64700 5042 108 13078 95% Chebyshev (Mean, Sd) UCL 8236 8.2E+03

Notes:

[a] COPCs are defined as described in the main text and Table 3-2.

[b] FOD is based on inclusion of some historical data for which only detected concentrations are reported. FOD is not considered accurate for the entire dataset.

[c] Minimum, maximum, mean, and median concentrations are based on detected concentrations.
[d] The EPC is defined as the 95% UCL calculated using ProUCL v. 4.00.05.
The maximum detected concentration was used to represent the EPC when fewer than five detected concentrations and eight samples were available.

All concentrations are in units of mg/kg.
BCA = bias corrected accelerated

COPC = constituent of potential concern
EPC = exposure point concentration

DRO = Diesel range organics

FOD = frequency of detection

GRO = Gasoline range organics

KM = Kaplan-Meier

mg/kg = milligram(s) per kilogram

N=no

N/A = not available; insufficient data

PAH = polycyclic aromatic hydrocarbon
RRO = Residual range organics

SD = standard deviation

SVOCs = semi-volatile organic compounds
TEQ = toxicity equivalents

TPH = total petroleum hydrocarbons

UCL = upper confidence limit on the mean
VOC = volatile organic compound

Y =yes
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Table 3-5a
Area-Wide Summary Statistics and Maximum Exposure Point Concentrations for Onsite Groundwater (2009 through 2011)

Human Health Risk Assessment - PPRTV Scenario and ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Sample Number . . Groundwater M Trench Air AF Indoor Air

COCC [a] size [b] of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] EPC [c] [d] EPC Predicted Soil Gas el EPC
[b] (ug/L) (Lim®) [d] Concentration [e] [e]
(ug/ms) (uglma) (ug/ms)

Metals
Barium 19 19 100 39.3 481 193 182 124 4.8E+02
Iron 19 15 79 1900 56900 13910 6090 16000 5.7E+04
Lead 19 3 16 0.35 2.05 1.05 0.74 0.89052 2.1E+00
VOCs
1,2,4-Trimethylbenzene 62 16 26 4.35 614 128 57.3 177 6.1E+02 7.5E+00 4.6E+03 3.97E+04 1.12E-05 4.46E-01
1,3,5-Trimethylbenzene 19 7 37 1.93 184 50.7 21.2 64.2 1.8E+02 7.6E+00 1.4E+03 1.14E+04 1.27E-05 1.45E-01
4-Isopropyltoluene (p-cymene) 19 6 32 0.8 60.4 13.3 5.34 23.2 6.0E+01 7.2E+00 4.3E+02
Benzene 330 148 45 0.17 18500 1802 91 3516 1.9E+04 9.3E+00 1.7E+05 1.66E+06 1.03E-05 1.72E+01
Ethylbenzene 330 97 29 0.44 2750 421 66.1 656 2.8E+03 8.0E+00 2.2E+04 2.74E+05 7.54E-06 2.07E+00
n-Propylbenzene 19 7 37 1 122 37.9 22.4 43.1 1.2E+02 7.6E+00 9.2E+02 1.42E+04 6.46E-06 9.18E-02
Toluene 330 58 18 0.39 30100 5715 2090 8395 3.0E+04 8.6E+00 2.6E+05 2.86E+06 8.71E-06 2.49E+01
Xylenes 330 122 37 0.57 14090 2097 424 3121 1.4E+04 8.0E+00 1.1E+05 1.35E+06 8.42E-06 1.14E+01
SVOCs
1-Methylnaphthalene 10 6 60 0.0231 35 9.27 5.39 13.3 3.5E+01 6.3E+00 2.2E+02 1.10E+02 1.12E-04 1.22E-02
2-Methylnaphthalene ‘ 10 ‘ 8 ‘ 80 ‘ 0.016 ‘ 30.9 ‘ 6.29 | 1.14 ‘ 10.6 ‘ 3.1E+01 ‘ 6.3E+00 ‘ 2.0E+02 ‘ 9.67E+01 ‘ 1.12E-04 | 1.08E-02
PAHs
Naphthalene [ 29 [ 9 [ 31 [ oo820 [ 300 [ 497 ] 18.1 [ 959 ] 3.0E+02 [ 66E+00 [ 20E+03 | 1.31E+03 [ 9.45E-05 [ 1.24E-01
Miscellaneous
Sulfolane 566 340 60 3.4 10400 251 105 634 1.0E+04 [ ] ] ] ]
GRO 21 7 33 408 20800 4869 2110 7189 2.1E+04 N/A
DRO 21 11 52 227 2150 1001 537 779 2.2E+03 N/A
RRO 19 3 16 199 278 230 212 42.4 2.8E+02 N/A
Notes:

All concentrations are in units of ug/L, unless noted otherwise.

[a] COPCs are defined as described in the main text and Table 3-2a.

[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for all onsite wells without LNAPL.
[c] The maximum detected concentration was used to represent the EPC.

[d] Calculated using the Virginia Department of Environmental Quality Trench Air Model (VDEQ, 2012) for groundwater occurring at less than 15 feet below ground surface.
[e] Calculated using the Johnson & Ettinger Model for groundwater (DTSC, 2009). A commercial air exchange rate of 1 per hour was assumed.
[f] Sulfolane was not evaluated for inhalation pathways, as described in the RAWP (ARCADIS, 2011).

AF = Attenuation factor

COPC = constituent of potential concern

DRO = Diesel range organics

EPC = exposure point concentration

FOD = frequency of detection

GRO = Gasoline range organics

ug/L = microgram(s) per liter

ug/m® = microgram(s) per cubic meter

L/m® = liters per cubic meter

LNAPL = light non-aqueous phase liquid

N/A = not available; insufficient data

PAH = polycyclic aromatic hydrocarbon

RRO = Residual range organics

SD = standard deviation

SVOCs = semi-volatile organic compounds

TEQ = toxicity equivalents

UCL = upper confidence limit on the mean

VF = volatilization factor

VOC = volatile organic compound
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Table 3-5b
Area-Wide y istics and UCL Exp Point C i for Onsite Gr d (2009 through 2011)

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Sample Number _ _ Groundwater VF Trench Air AF Indoor Air

COPC [a] Size [b] of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] UCL Method UCL [b] EPC [a] [e] EPC Predicted Soil Gas [d] EPC
[b] (ug/L) (L/im®) Iel Concentration [d] Id]
(ug/im®) (ug/m®) (ug/m®)

Metals
Barium 19 19 100 39.3 481 193 182 124 95% Student's-t UCL 262 2.6E+02
Iron 19 15 79 1900 56900 13910 6090 16000 95% Approximate Gamma UCL 28060 2.8E+04
Lead 19 3 16 0.35 2.05 1.05 0.74 0.89052 Highest temporal average 1.18 1.2E+00
VOCs
1,2,4-Trimethylbenzene 62 16 26 4.35 614 128 57.3 177 95% Chebyshev (Mean, Sd) UCL 113 1.1E+02 7.5E+00 8.5E+02 7.31E+03 1.12E-05 8.20E-02
1,3,5-Trimethylbenzene 19 7 37 1.93 184 50.7 21.2 64.2 Highest temporal average 121 1.2E+02 7.6E+00 9.2E+02 7.48E+03 1.27E-05 9.50E-02
4-Isopropyltoluene (p-cymene) 19 6 32 0.8 60.4 13.3 5.34 23.2 Highest temporal average 33.4 3.3E+01 7.2E+00 2.4E+02
Benzene 330 148 45 0.17 18500 1802 91 3516 95% Chebyshev(Mean, Sd) UCL 1334 1.3E+03 9.3E+00 1.2E+04 1.20E+05 1.03E-05 1.24E+00
Ethylbenzene 330 97 29 0.44 2750 421 66.1 656 95% Chebyshev (Mean, Sd) UCL 180 1.8E+02 8.0E+00 1.4E+03 1.80E+04 7.54E-06 1.35E-01
n-Propylbenzene 19 7 37 1 122 37.9 224 43.1 Highest temporal average 80.3 8.0E+01 7.6E+00 6.1E+02 9.36E+03 6.46E-06 6.04E-02
Toluene 330 58 18 0.39 30100 5715 2090 8395 95% Chebyshev (Mean, Sd) UCL 1427 1.4E+03 8.6E+00 1.2E+04 1.35E+05 8.71E-06 1.18E+00
Xylenes 330 122 37 0.57 14090 2097 424 3121 95% Chebyshev(Mean, Sd) UCL 1184 1.2E+03 8.0E+00 9.5E+03 1.13E+05 8.42E-06 9.55E-01
SVOCs
1-Methylnaphthalene 10 6 60 0.0231 35 9.27 5.39 13.3 Highest temporal average 35 3.5E+01 6.3E+00 2.2E+02 1.10E+02 1.12E-04 1.22E-02
2-Methylnaphthalene | 10 | 8 | 80 | 0.016 | 30.9 | 6.29 | 114 ‘ 10.6 ‘ 95% Hall's Bootstrap UCL ‘ 25.2 | 2.5E+01 ‘ 6.3E+00 | 1.6E+02 ‘ 7.88E+01 | 1.12E-04 | 8.81E-03
PAHs
Naphthalene | 29 | 9 | 31 | 0.0829 | 300 | 49.7 | 18.1 | 95.9 | 95% Hall's Bootstrap UCL | 145 | 1.5E+02 | 6.6E+00 | 9.6E+02 | 6.35E+02 | 9.45E-05 | 6.00E-02
Miscellaneous
Sulfolane 566 340 60 34 10400 251 105 634 95% Chebyshev (Mean, Sd) UCL 833 8.3E+02 ] ] ] ] ]
GRO 21 7 33 408 20800 4869 2110 7189 Highest temporal average 20800 2.1E+04 N/A
DRO 21 11 52 227 2150 1001 537 779 95% Chebyshev (Mean, Sd) UCL 1549 1.5E+03 N/A
RRO 19 3 16 199 278 230 212 42.4 Highest temporal average 278 2.8E+02 N/A
Notes:

[a] The EPC is defined as the 95% UCL calculated using ProUCL v. 4.00.05.

All concentrations are in units of ug/L, unless noted otherwise.

[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for all onsite wells without LNAPL.
[a] COPCs are defined as described in the main text and Table 3-2.

COPC = constituent of potential concern

[d] Calculated using the Johnson & Ettinger Model for groundwater (DTSC, 2009). A commercial air exchange rate of 1 per hour was assumed.
[e] Calculated using the Virginia Department of Environmental Quality Trench Air Model (VDEQ, 2012) for groundwater occurring at less than 15 feet below ground surface.
[f] Sulfolane was not evaluated for inhalation pathways, as described in the RAWP (ARCADIS, 2011).

AF = Attenuation factor

EPC = exposure point concentration

DRO = Diesel range organics

FOD = frequency of detection

GRO = Gasoline range organics

ug/L = microgram(s) per liter

ug/m3 = microgram(s) per cubic meter

L/m® = liters per cubic meter

LNAPL = light non-aqueous phase liquid

N =no

N/A = not available; insufficient data

PAH = polycyclic aromatic hydrocarbon

RRO = Residual range organics

SD = standard deviation

SVOCs = semi-volatile organic compounds

TEQ = toxicity equivalents

UCL = upper confidence limit on the mean

VF = volatilization factor

VOC = volatile organic compound

Y =yes
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Table 3-6
Area-Wide Summary Statistics and Maximum Exposure Point Concentrations for Offsite Groundwater in All Wells (2009 through 2011)

Human Health Risk Assessment - PPRTV Scenario and ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Sample Number COPC? [c] Groundwater
Constituent ¥ p of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] ; EPC [a]
Size [b] (Y/N)
[b] (uglL)
Miscellaneous
Sulfolane 700 367 52 3.48 443 56.1 21.6 68.7 Y 4.4E+02

Notes:

[a] The maximum detected concentration was used to represent the EPC.

All concentrations are in units of ug/L, unless noted otherwise.

[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for offsite wells without LNAPL.
[c] COPCs are defined as described in the main text and Table 3-2a.

COPC = constituent of potential concern

EPC = exposure point concentration

FOD = frequency of detection

ug/L = microgram(s) per liter

LNAPL = light non-aqueous phase liquid

N =no
SD = standard deviation
Y =yes
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Table 3-7
Area-Wide Summary Statistics and UCL Exposure Point Concentrations for Offsite Groundwater in Exposure Unit 1 (2009 through 2011)

Human Health Risk Assessment
Flint Hills North Pole Refinery

North Pole, Alaska

Sample Number COPC? [c] Groundwater
Constituent y P of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] UCL Method UCL [b] . EPC [a]
Size [b] (Y/N)
[b] (ug/L)
Miscellaneous
Sulfolane 105 104 99 15.8 443 139 122 72.8 95% Chebyshev (Mean, Sd) UCL 170 Y 1.7E+02
Notes:

[a] The EPC is defined as the 95% UCL calculated using ProUCL v. 4.00.05.
All concentrations are in units of ug/L, unless noted otherwise.
[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for offsite wells in Exposure Unit 1 without LNAPL.
[c] COPCs are defined as described in the main text and Table 3-2a.
COPC = constituent of potential concern
EPC = exposure point concentration

FOD = frequency of detection
Groundwater wells in Exposure Unit 1 were defined by a boundary that includes all wells with maximum concentrations greater than 100 ug/L.
ug/L = microgram(s) per liter

LNAPL = light non-aqueous phase liquid

N =no

SD = standard deviation

UCL = upper confidence limit on the mean

Y =yes
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Table 3-8a

Area-Wide Summary Statistics and Maximum Exposure Point Concentrations for Offsite Groundwater in Exposure Unit 2 (2009 through 2011)

Human Health Risk Assessment - PPRTV Scenario and ARCADIS Comparative Scenario
Flint Hills North Pole Refinery

North Pole, Alaska

Sample Number COPC? [c] Groundwater
Constituent y P of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] ; EPC [a]
Size [b] (Y/N)
[b] (uglL)
Miscellaneous
Sulfolane 73 72 99 8.63 144 53.3 46.9 7.51 Y 1.4E+02
Notes:

[a] The maximum detected concentration was used to represent the EPC.
All concentrations are in units of ug/L, unless noted otherwise.

[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for offsite wells in Exposure Unit 2 without LNAPL.
[c] COPCs are defined as described in the main text and Table 3-2a.

COPC = constituent of potential concern
EPC = exposure point concentration
FOD = frequency of detection

Groundwater wells in Exposure Unit 2 were defined by a boundary that includes all wells with maximum concentrations greater than 25 ug/L but less than than 100 ug/L.

ug/L = microgram(s) per liter

LNAPL = light non-aqueous phase liquid
N = no

SD = standard deviation

UCL = upper confidence limit on the mean
Y =yes

FHR_HHRA_offsitetEU2_Max_PPRTV Scenario_040312.xlsm

ARCADIS

Page 1 of 1



Table 3-8b
Area-Wide Summary Statistics and UCL Exposure Point Concentrations for Offsite Groundwater in Exposure Unit 2 (2009 through 2011)

Human Health Risk Assessment
Flint Hills North Pole Refinery

North Pole, Alaska

Sample Number COPC? [c] Groundwater
Constituent y P of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] UCL Method UCL [b] . EPC [a]
Size [b] (Y/N)
[b] (ug/L)
Miscellaneous
Sulfolane 73 72 99 8.63 144 53.3 46.9 29.8 95% Approximate Gamma UCL 59.1 Y 5.9E+01
Notes:

[a] The EPC is defined as the 95% UCL calculated using ProUCL v. 4.00.05.
All concentrations are in units of ug/L, unless noted otherwise.
[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for offsite wells in Exposure Unit 2 without LNAPL.
[c] COPCs are defined as described in the main text and Table 3-2a.
COPC = constituent of potential concern
EPC = exposure point concentration

FOD = frequency of detection

Groundwater wells in Exposure Unit 2 were defined by a boundary that includes all wells with maximum concentrations greater than 25 ug/L but less than 100 ug/L.

ug/L = microgram(s) per liter

LNAPL = light non-aqueous phase liquid

N =no

SD = standard deviation

UCL = upper confidence limit on the mean

Y =yes
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Table 3-9a

Area-Wide Summary Statistics and Maximum Exposure Point Concentrations for Offsite Groundwater in Exposure Unit 3 (2009 through 2011)

Human Health Risk Assessment - PPRTV Scenario and ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Sample Number COPC? [c] Groundwater
Constituent y P of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] ; EPC [a]
Size [b] (Y/N)
[b] (ug/L)
Miscellaneous
Sulfolane 294 177 60 3.48 80.2 10.9 9.04 7.51 Y 8.0E+01
Notes:

[a] The maximum detected concentration was used to represent the EPC.
All concentrations are in units of ug/L, unless noted otherwise.

[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for offsite wells in Exposure Unit 3 without LNAPL.
[c] COPCs are defined as described in the main text and Table 3-2a.

COPC = constituent of potential concern
EPC = exposure point concentration
FOD = frequency of detection

Groundwater wells in Exposure Unit 3 were defined by a boundary that includes all wells with maximum concentrations greater than the detection limit but less than than 25 ug/L.

ug/L = microgram(s) per liter

LNAPL = light non-aqueous phase liquid
N = no

SD = standard deviation

UCL = upper confidence limit on the mean

Y =yes
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Table 3-9b
Area-Wide Summary Statistics and UCL Exposure Point Concentrations for Offsite Groundwater in Exposure Unit 3 (2009 through 2011)

Human Health Risk Assessment
Flint Hills North Pole Refinery

North Pole, Alaska

Sample Number COPC? [c] Groundwater
Constituent y P of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] UCL Method UCL [b] . EPC [a]
Size [b] (Y/N)
[b] (ug/L)
Miscellaneous
Sulfolane 294 177 60 3.48 80.2 10.9 9.04 7.51 95% Chebyshev (Mean, Sd) UCL 10.2 Y 1.0E+01
Notes:

[a] The EPC is defined as the 95% UCL calculated using ProUCL v. 4.00.05.
All concentrations are in units of ug/L, unless noted otherwise.
[b] Statistics were calculated using the most recent two years of groundwater data (2009 through 2011) for offsite wells in Exposure Unit 3 without LNAPL.
[c] COPCs are defined as described in the main text and Table 3-2a.
COPC = constituent of potential concern
EPC = exposure point concentration

FOD = frequency of detection

Groundwater wells in Exposure Unit 3 were defined by a boundary that includes all wells with maximum concentrations greater than the detection limit but less than than 25 ug/L.

ug/L = microgram(s) per liter

LNAPL = light non-aqueous phase liquid

N =no

SD = standard deviation

UCL = upper confidence limit on the mean

Y =yes
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Table 3-10
Area-Wide Summary Statistics and Maximum Exposure Point Concentrations for Offsite Surface Water (Estimated from Porewater Surrogate Data)

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Samole Number COPC? [c] Surface Water
Constituent . P of Detects | FOD (%) Min [b] Max [b] Mean [b] Median [b] SD [b] . EPC [a]
Size [b] (YIN)
[b] (ug/L)
Miscellaneous
Sulfolane 3 2 67 28.7 156 92.35 92.35 90.01 Y 1.6E+02

Notes:

[a] The maximum detected concentration was used to represent the EPC.
All concentrations are in units of ug/L, unless noted otherwise.

[b] Statistics were calculated using porewater data collected in 2012.

[c] COPCs are defined as described in the main text and Table 3-2a.
COPC = constituent of potential concern

EPC = exposure point concentration

FOD = frequency of detection

ug/L = microgram(s) per liter

N =no
SD = standard deviation
Y =yes
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Table 3-11
Chemical Specific Information and Soil Volatilization Factors for Human Health Risk Assessment

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Molecular Henry's Law Henry's Law Solubility Diffusivity Apparent Soil to Air Volatilization
Constituents Volatile? Weight Constant Constant in Water in Water Koc Kd"® Diffusivity © Factor Soil Saturation Limit
Selected Selected
c c " Publi Value Calculated Published Value
(g/mol) (atm-m®/mol) (unitless) (mg/L-water) (cm’/sec) (cm?/sec) (cm®lg) (cm®/g) (cm?/sec) (m’/kg) (m®/kg) (m®/kg) (mg/kg) (mg/kg) (mgl/kg)
Metals
Antimony N 1.22E+02 "0 - - - - - 750E+03 " | 450E+01 F°C - - - - - - -
Arsenic N 7.49E+01 RS- - - - - - 483E+03 | 2.90E+01 °* - - - - - - -
Barium N 1.37E+02 "S- - - - - - 6.67E+02 " | 4.00E+00 R+ - - - - - - -
Cadmium N 1.12E+02 "S- - - - - - 1.25E+04 "5t | 7.50E+01 RSt - - - - - - -
Chromium, Total N 520E+01 RS- - - - - - 3.00E+08 "t | 1.80E+06 RSt - - - - - - -
Copper N 6.36E+01 " - - - - - 5.83E+03 "%t | 3.50E+01 - - - - - - -
Lead N 207E+02 " - - - - - 1.50E+05 " | 9.00E+02 " - - - - - - -
Nickel N 5.87E+01 Rt - - - - - 1.08E+04 "5t | 650E+01 "S- - - - - - - -
Selenium N 7.90E+01 RS- - - - - - 8.33E+02 "t | 5.00E+00 RSt - - - - - - -
Silver N 1.08E+02 "S- - - - - - 1.38E+03 "5t | 8.30E+00 "t - - - - - - -
Zinc N 6.54E+01 "t - - - - - 1.03E+04 R | 6.20E+01 "t - - - - - - -
VOCs
1,2,4-Trimethylbenzene Y 120E+02 " [ 6.16E-08 " [ 2.52E-01 " [ 570E+01 "' [ 6.07E-02 "' [ 7.92E-06 " [ 614E+02 " [ 3.69E+00 " [ 2.06E-04 " [ 8.72E+03  8.52E+03 " 8.52E+03 " | 218E+02 219E+02 o0 219E+02 "o
1,3,5-Trimethylbenzene Y 120E+02 " | 8.77E-08 "% | 3.50E-01 " | 4.82E+01 " | 6.02E-02 " | 7.84E-06 " | 6.02E+02 " | 361E+00 " | 2.06E-04 % | 7.28E+03  7.12E+03 " 7.12E+03 "% | 182E+02 182E+02 " 182E+02 "
4-1sopropyltoluene (p-cymene) EPIaR EPIGRA EPIaR EPIaR EPIaR EPIaR EPIaR EPIgR EPIeR
Y 134E+02 “° | 1.10E-02 '° | 451E-01 ° | 234E+01 “° | 527E-02 "° | 7.32E-06 *° | 1.12E+03 *° | 6.72E+00 *° | 1.78E-04 “° | 0.38E+03 - 9.38E+03  “° | 1.62E+02 - 1.62E+02
Benzene Y | 781E+01 | 555E-03 " | 227601 "% [ 1.79E403 " | 8osE-02 | 1.03E-05 " | 146E+02 "' | 875E-01 " | 1.03E-03 "°“| 3.90E+03  3.81E+03 - 381E+03 "' | 182E+03 182E+03 " 1.82E+03
Ethylbenzene Y 106E+02 " | 7.88E-08 | 3.22E-01 " | 169E+02 "' | 6.85E-02 " | 846E-06 " | 4.46E+02 " | 2.68E+00 " | 4.03E-04 % | 6.24E+03  6.10E+03 " 6.10E+03 "% | 4.79E+02  4.80E+02 " 4.80E+02 "
Isopropylbenzene (cumene) Y 120E+02 "% | 1.15E-02 F | 4.70E-01 | 6.13E+01 "' | 6.03E-02 " | 7.86E-06 " | 6.98E+02 " | 4.19E+00 " | 336E-04 % | 6.84E+03  6.68E+03 - 6.68E+03 " | 268E+02  268E+02 " 268E+02 "o
Methyl tert-butyl ether Y |882E+01 " |587E-04 " | 240602 "% [ 510E+04 " | 753E-02 | 850E-06 " | 1.16E+01 "' | 6.94E-02 " | 538E-04 " | 540E+03  5.28E+03 - 528E+03 "°"| B.87E+03 B8.87E+03 - 8.87E+03
Methylene chloride Y |849E+01 " |325E-03 " | 1.33E-01 " [ 1.30E+04 " | 9.09E-02 " | 125E-05 " | 217E+01 "' | 130E-01 " | 269E-03 " | 241E+03  2.36E+03 " 236E+03 "' | 332E+03 332E+03 " 3.32E+03
n-Butylbenzene EPIaR EPIGRA EPIaR EPIaR EPIaR EPIaR EPIaR EPIgR EPIeR
Y 1346402 *° | 159E-02 '° | 650E-01 “° | 1.18E+01 *° | 528802 *° | 7.33E-06 | 148E+03 *° | 8.89E+00 “° | 1.95E-04 "° | 897E+03  877E+03 % 877E+03 "% | 1.08E+02  108E+02 "% 1.08E+02 "
n-Propylbenzene Y 120E+02 "% | 1.05E-02 F% | 4.29E-01 | 522E401 " | 6.02E-02 " | 7.83E-06 " | 813E+02 " | 4.88E+00 "' | 2.64E-04 % | 7.71E+03  7.53E+03 " 7.53E+03 " | 264E+02 264E+02 " 264E+02 "
sec-Butylbenzene EPIaR EPIGRA EPIaR EPIaR EPIaR EPIaR EPIaR EPIgR EPIeR
Y 134E+02 " | 176E-02 '° | 7.22E-01 ™ | 176E+01 “° | 528E-02 "° | 7.33E-06 “° | 1.33E+03 *° | 7.908E+00 *° | 2.40E-04 "° | 8.08E+03 - 8.08E+03 | 1.45E+02 - 1456402
tert-Butylbenzene EPIaR EPIGRA EPIaR EPIaR EPIaR EPIaR EPIaR EPIgR EPIeR
Y 134E+02 *° | 132602 ° |541E-00 “° | 2956401 *° | 530E-02 “° | 7.37E-06 “° | 1.00E+03 “° | 6.00E+00 “° | 2.40E-04 *° | 8.09E+03 - 8.09E+03 “° | 1.83E+02 - 1.83E+02 “°
Toluene Y 9.21E+01 " | 6.64E-03 " | 271E-01 °* | 5.26E+02 °% | 77802 F% | 920E:06 F% | 2.34E+02 F% | 1.40E+00 % | 7.04E-04 " | 472E+03  461E+03 " 461E+03 "' | 8.17E+02  818E+02 " 818E+02 "
Trichlorofluoromethane (Freon 11) Y 137E+02 "% | 9.70E-02 F% | 3.97E+00 " | 1.10E+03 | 654E-02 | 1.00E-05 | 439E+01 | 263E-01 | 122E:02 " | 1.14E+03  111E+03 "% 111E+03 "% | 121E+03  1.23E+03 "% 1.23E+03
Xylenes Y 1.06E+02 "% | 5.18E-03 P | 212E-01 °" | 1.06E+02 7" | 8.47E-02 " | 9.90E-06 " | 3.83E+02 " | 2.30E+00 "% | 3.81E-04 " | 6.42E+03  6.27E+03 " 6.27E+03 R | 258E+02  2.58E+02 "%t 2.58E402 R
SVOCs
2-Methylnaphthalene | Y ‘ 1.42E+02 " [ 5.18E-04 F ‘ 212602 ¢ | 246E+01 | 524E-02 | 7.78E06 " | 2.48E+03 | 149E+01 | 3.84E-06 O ‘ 6.30E+04  6.24E+04 " 6.24E+04 " | 3.68E+02  3.68E+02 "0 3.68E+02 "o
Dibenzofuran Y 1.68E+02 "% | 2.136-04 R | 871E-03 7" | 3.10E+00 %" | 4.10E-02 %" | 7.38E-06 " | 9.16E+03 " | 550E+01  ° | 3.37E:07 "% | 2.16E+05  2.11E+05 "t 211E+05 R | 171E+02  1.71E+02 "t 171Ev02 R
PAHs
Benzo (a) anthracene N 2.28E+02 " [ 120E-05 " | 491E-04 " [ 940E03 [ 50002 [ 594806 [ 1.77E+05 F [ 1.06E+03 F° [ 1.25E-09 " | 3.54E+06 - 354E+06 “° | 9.98E+00 - 9.98E+00 °
Benzo (a) pyrene N 2526402 "% | 457E-07 "% | 1.87E-05 "% | 162603 | 476E-02 | 556E-06 "% | 5.87E+05 °% | 352E+03 °% | 2.33E-11 7N | 2.60E+07 - 2.60E+07 “° | 5.71E+00 - 5.71E+00
Benzo (b) fluoranthene N 252E+02 "% | 657E-07 "% | 2.69E-05 "% | 150E-03 | 476E-02 % | 556E-06 % | 5.99E+05 % | 3.60E+03 % | 2.84E-11 "t | 2.35E+07 - 2.35E+07 “° | 5.39E+00 - 5.39E+00
Benzo (g,h,i) perylene
SRC & SRC & SRC & SRC &
N 2.76E+02 ™° | 331E-07 "M | 1.36E-05 "° | 2.60E-04 "M - - - - - - - - - - -
Benzo (k) fluoranthene N 252E+02 " | 5.84E-07 "% | 2.30E-05 " | 8.00E-04 | 476E-02 " | 556E-06 " | 5.87E+05 "% | 3.52E+03 % | 2.69E-11 "% | 242E+07 - 242E+07 | 2.82E+00 - 2.82E+00 °
Chrysene N 228E+02 " [ 523E-06 " | 2.14E-04 "% | 2.00E-03 | 261E-02 | 6.75E-06 " | 1.81E+05 "% | 1.08E+03 " | 3.07E-10 "% | 7.15E+06 - 7156406 “° | 2.17E+00 - 217E+00 °
Dibenzo (a,h) anthracene N 2.78E+02 " | 141E-07 " | 5.76E-06 " | 2.49E-03 "% | 4.46E-02 | 521E-06 " | 1.91E+06 "% | 1.15E+04 % | 4.00E-12 "% | 6.19E+07 - 6.19E+07 “° | 2.86E+01 - 2.86E+01 °
Fluoranthene N 2.02E+02 " | 8.86E-06 " | 3.62E-04 " | 2.60E-01 "% | 276E-02 | 7.18E-06 " | 555E+04 "% | 3.33E+02 % | 1.69E-09 " | 3.04E+06 - 3.04E+06 “° | 8.65E+01 - 8.65E+01 °
Fluorene Y 1.66E+02 "% | 9.62E-05 " | 3.936-03 "% | 1.69E+00 " | 4.40E-02 " | 7.80E-06 "% | 9.16E+03 " | 550E+01 " [ 1.64E-07 " 3.10E+05  3.03E+05 "% 3.03E+05 " | 9.31E+01 - 9.31E+01 “°
Indeno (1,2,3-cd) pyrene N 2.76E+02 " | 3.48E-07 " | 1.42E-05 "% | 1.90E-04 | 4.48E-02 | 523E-06 " | 1.95E+06 "% | 1.17E+04 | 570E-12 "%t | 5.25E+07 - 5.25E+07 “° | 2.22E+00 - 2.22E400 °
Naphthalene Y 1.28E+02 "% | 4.40E-04 " | 1.80E-02 "% | 3.10E+01 " | 6.05E-02 " | 8.38E-06 "% | 154E+03 | 9.26E+00 " [ 6.02E-06 " | 5.11E+04  4.99E+04 "% 4.99E+04 "% | 2.90E+02 - 2.90E+02 “°
Phenanthrene
SRC & SRC & SRC & SRC & SRC & SRC & SRC & SRC & SRC &
Y 1.78E+02 "M% | 4.23E-05 "°| 1.73E-03 "M | 1158400 S| 345E-02 S| 6.69E-06 "M | 1.67E+04 "M°| 1.00E+02 "4°| 3.13E-08 S| 7.08E+05 - 7.08E+05 | 1.15E+02 - 115E+02
Pyrene N 202E+02 " | 1.19E-05 " | 4.87E-04 | 135801 "t | 278802 | 7.25E-06 "% | 5.43E+04 | 3.26E+02 % | 220E-00 % | 2.62E+06  2.56E+06 "o~ 256E+06 "0 | 4.40E+01 - 4.40E+01  ©°
Total Benzo(a)pyrene TEQ N |2526E+02 *% | 457-07 " | 187605 " | 1626-08 " | 476E-02 " | 556E-06 " | 587E+05 | 350E+03 % | 233811 °% | 2.60E+07 - 2.60E+07 _“° | 571E+00 - 571E+00
Miscellaneous
Cyanide Y 2.70E+01 " [ 1.33E-04 " | 5.44E-03 " [ 1.00E+06 " [ 2.11E01 [ 246805 ** - - - - 501E+04 " 501E+04 o - 1.00E+07 ™ 1.00E+07 "
Sulfolane N 120E+02 7' | 142609 7 | 5.82E-08 7 | 456E+05 - - - - - - - - - - -
GRO NA - - - - - - - - - - - - - - -
DRO NA - - - - - - - - - - - - - - -
RRO NA - - - - - - - - - - - . - - -
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Table 3-11
Chemical Specific Information and Soil Volatilization Factors for Human Health Risk Assessment

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Notes:

a = Volatilization factors were calculated as described in USEPA (2011d) for chemicals with molecular weight < 200 g/mol and Henry's Law Constant >1x10° (USEPA, 2004).
atm-m?/mol = atmospheres x cubic meters per mole

b = Kd values calculated by multiplying Koc by the default fraction organic carbon (0.006) from USEPA (2011d) unless provided by USEPA (1996).
¢ = Apparent diffisivity calculated based on equation provided by Section 4.10.2 of USEPA guidance (2011d).
cm?/sec = square centimeter(s) per second

cm*/g = cubic centimeter(s) per gram

d = Values presented in USEPA (2011d).

e = naphthalene surrogate used

EPI = EpiSuite software v. 4.0

g/mol = gram(s) per mole

Kd = soil-water distribution coefficient (inorganic compounds)

Koc = organic carbon partition coefficient (organics)

m®/kg = cubic meter(s) per kilogram

mg/L = milligram(s) per liter

mm Hg = millimeter(s) of mercury

PAH = polycyclic aromatic hydrocarbon

RAIS = parameter selected from ORNL (2010)

RSL = parameter selected from USEPA (2011d)

SRC = parameter selected from SRC (2010)

USEPA = U.S. Environmental Protection Agency

VOC = volatile organic compound

-- = not applicable

References:

CalEPA. 1994. Preliminary Endangerment Assessment Manual.

Oak Ridge National Laboratory (ORNL). 2010. Risk Assessment Information System (RAIS) database. Available online: http:/rais.ornl.gov/cgi-bin/tools/TOX_search

USEPA. 2011d. Regional Screening Levels User's Guide. http://www.epa.gov/reg3hwmd/risk/human/rb-concentration_table/usersguide.htm May.

Syracuse Research Corporation (SRC). 2010. CHEMFATE Chemical Search (CHEMFATE), Environmental Fate Data Base. Available: http:/esc.syrres.com/efdb/Chemfate.htm.
USEPA. 1996. Soil Screening Guidance: Technical Background Document. EPA/540/R-95/128. July. http://www.epa.gov/superfund/health/conmedia/soil/toc.htm.

USEPA. 2004. Risk Assessment Guidance for Superfund (RAGS) Part E. Supplemental Guidance for Dermal Risk Assessment. EPA/540/R/99/005. July.

FHR_HHRA_onsite-offsite_UCLsoil_MAXgw_PPRTV Scenario_040312.xlsm ARCADIS Page 2 of 2



Table 3-12
Human Health Exposure Parameters - PPRTV Scenario and ARCADIS Comparative Scenario

Human Health Risk Assessment

Flint Hills North Pole Refinery
North Pole, Alaska

Onsite and Offsite Onsite Onsite and Offsite Onsite Offsite Offsite Offsite Offsite Offsite

Commercial/Industrial | Commercial/Industrial | Construction/Trench Adult Adult Child (1-6 yr) | Infant (0-1 yr) Adult Child (1-6 yr)

Constituent Symbol Units Indoor Worker Outdoor Worker Worker Visitor Resident Resident Resident Recreator Recreator
Cl Clo CST VIS ADUR CHR INF AREC CREC

General Factors
Averaging Time (cancer) ATc days 25,550 a,b 25,550 a,b 25,550 a 25,550 a 25,550 |ab 25,550 |ab 25,550 a,b [25550| ab [25550| ab
Averaging Time (noncancer) ATnc days 9,125 a 9,125 a 365 a 10,950 | a 10,950 a 2,190 a 365 a |[10,950 a 2,190 a
Body Weight BW kg 70 b, d 70 b,d 70 d,f 70 b 70 b,d 15 b,d 6.75 n 70 b,d 15 o
Exposure Frequency - Soil EF days/year 250 b, c 250 b, c 125 d, f 12 PJ 270 b, c 270 b, c 270 b,d - -
Exposure Frequency - Groundwater EFgw days/year 250 b, c 250 b, c 125 d,f 12 PJ 350 b 350 b 350 b,d - -
Exposure Frequency - Surface water EFsw days/year - - - - 60 cons 60 cons - 60 cons 60 cons
Exposure Duration ED years 25 b 25 b 1 PJ 30 b 30 b 6 b 1 n 30 b 6 b
Exposure Time ET hr/day 8 PJ 8 PJ 1 PJ 2 PJ 12 PJ 12 PJ 12 PJ 1 cons 1 cons
Groundwater - Ingestion (Oral)
Groundwater Ingestion Rate (drinking water) IRgw L/day 2 b 2 b - - 2 b 1 d 1.05 | - -
Groundwater Ingestion Rate (incidental) IRinc_gw L/day - - 0.0037 m - - - - - -
Fraction Ingested from Source Figw unitless 1 cons 1 cons 1 cons - 1 cons 1 cons 1 cons - -
Groundwater - Dermal Contact
Exposed Skin Surface Area SSAgw cm? - - 2,230 k - - - - - -
Event Frequency EvFgw events/day - - 1 -- - - - - - -
Event Time EvTgw hr/event - - 1 PJ - - - - - -
Groundwater - Inhalation of Volatiles
Exposure Frequency - Trench Air EFtr days/year - - 125 PJ - - - - - -
Soil - Ingestion (Oral)
Incidental Soil Ingestion Rate IRs mg/day - 100 b, f 330 i - - - - - -
Fraction Ingested from Source Fl unitless - 1 -- 1 cons - - - - - -
Soil - Dermal Contact
Exposed Skin Surface Area SA cm? - 2,230 k 2,230 k - - - - - -
Skin Adherence Factor AF mg/cmz-day - 0.2 b, h 0.3 i - - - - - -
Fraction in Contact with Soil FC unitless - 1 b 1 b - - - - - -
Event Frequency EvFs events/day - 1 -- 1 -- - - - - - -
Soil - Inhalation of Dust and Vapor
Age-Adjusted Intake Factor, Inhalation IFi m3-yr/kg-day - - - - - - - -
Particulate Emission Factor PEF m3/kg - 1.32E+09 b,e 1.00E+06 e, - 1.32E+09 | b,e | 1.32E+09 | e | 1.32E+09| e - -
Homegrown Produce Ingestion
Fruit Ingestion Rate IRPfr mg/day - - - - 259,000 g 223,500 g 155,250 g - -
Vegetable Ingestion Rate IRPvg mg/day - - - - 413,000 | g | 201,000 | ¢ 109,350 g - -
Fraction Ingested from Source Flp unitless - - - - 0.25 PJ 0.25 PJ 0.25 PJ - -
Bioconcentration Factor BCF L/kg ww - - - - 1 cons 1 cons 1 cons
Surface water - Ingestion (Oral)
Surface water Ingestion Rate (incidental) IRinc_sw L/hour - - - - 0.071 p 0.12 p - 0.071 p 0.12 p
Fraction Ingested from Source Fisw unitless - - - - 1 cons 1 cons - 1 cons 1 cons
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Table 3-12
Human Health Exposure Parameters - PPRTV Scenario and ARCADIS Comparative Scenario

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Notes:
a. The averaging period for cancer risk is the expected lifespan of 70 years expressed in days (70 years * 365 days/year). The averaging period for non-cancer risk is the total exposure period expressed in days (ED * 365 days/year).
b. ADEC (2010). Risk Assessment Procedures Manual. July.
c. Soil exposure frequency is based on the climate zone in which the site is located, consistent with ADEC’s Cleanup Level Guidance (DEC 2008). Residential and
recreation/subsistence user soil exposure frequency is 270 d/yr for the under 40-inch zone. For commercial/industrial workers the soil exposure frequency is 250 d/yr for the
d. USEPA. 1989. Risk Assessment Guidance for Superfund.Volume I, Human Health Evaluation Manual (Part A) . EPA/540/1-89-002. December.
e. CALEPA. 2011. Human Health Risk Assessment Note 1. Recommended DTSC Default Exposure Factors for Use in Risk Assessment at California Hazardous Waste Sites and Permitted Facilities. May.
f. USEPA. 1991. Standard Default Exposure Factors, Interim Final . OSWER Directive: 9285.6-03. March.

g. USEPA (2011). Exposure Factors Handbook. For fruit: Table 9-3, 95th percentile per capita intake (value for ages 3-5 years used for child). For vegetables: Table 9-3, 95th percentile per capita intake of all vegetables (value
for ages 3-5 years used for child). IRPs in EFH were multiplied by body weight.

h. USEPA (2004). Risk Assessment Guidance for Superfund, Vol 1, Part E, Supplemental Guidance for Dermal Risk Assessment. Office of Emergency and Remedial

i. USEPA (2002a). Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. December.

j. This PEF value corresponds to a respirable dust concentration of 1 mg/m3. This is based on a maximum concentration of dust in air of 10 mg/m3 recommended by the American Conference of Governmental Industrial
Hygienists (ACGIH 2004, Threshold Limit Values and Biological Exposure Indices), and the assumption that 10 percent of the mass of particles are in the respirable PM10 range.

k. USEPA (2011). Exposure Factors Handbook. Table 7-2, average of adult male and adult female mean values for head and hands.

|. USEPA (2011). Exposure Factors Handbook. Table 3-1, time-weighted 95th percentile ingestion rate for infants.

m. USEPA (2011). Exposure Factors Handbook. Table 3-93, mean incidental ingestion of water during wading/spashing activities.

n. USEPA. 2008. Child-Specific Exposure Factors Handbook. EPA/600/R-06/096F. September.

0. See footnotes b and d.

p. USEPA (2011). Exposure Factors Handbook. Recommended upper percentile values for swimmers from Table 3-5: maximum for adults, 97th percentile for children age 18 and under.

Exposure equations are presented in Section 3 of the main text.
Exposure parameters with alternate values in the PPRTV and ARCADIS Scenarios are highlighted in gray.

cm Centimeter.

cons Conservative assumption (see text).
hr Hour.

kg Kilogram.

L liter

m Meter.

mg milligrams

PJ Professional judgement

ww wet weight

yr year
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Table 3-13
Human Health Toxicity Values

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Constituents CSFo CSFd IUR Chronic RfDo Chronic RfDd Chronic RfC Subchronic RfDo | Subchronic RfDd Subchronic RfC ABSo | ABSd
(mglkg-day)'1 (mg/kg-day)" (pg/m:’)'1 mg/kg-day mg/kg-day mglm’ mg/kg-day mg/kg-day mglm’ unitless | unitless
Metals
Antimony NC - NC - NC - 4.0E-04 | 6.0E-05 Calc NA - 4.0E-04 PROV 6.0E-05 Calc NA Chronic 0.15 0.00
Arsenic 1.5E+00 1.5E+00 Calc 4.3E-03 | 3.0E-04 | 3.0E-04 Calc 1.5E-05 C 5.0E-03 PROV | 5.0E-03 Calc 1.5E-05 Chronic 1 0.03
Barium NC - NC - NC - 2.0E-01 | 1.4E-02 Calc 5.0E-04 H 7.0E-02 HEAST | 4.9E-03 Calc 5.0E-03 HEAST 0.07 0.00
Cadmium a NC - NC - 1.8E-03 | 1.0E-03 | 2.5E-05 Calc 2.0E-05 C 1.0E-03  Chronic | 2.5E-05 Calc 9.0E-04 PROV 0.025 0.001
Chromium, Total b NC - NC - NC - 1.5E+00 | 2.0E-02 Calc NA - 1.5E+00 HEAST | 2.0E-02 Calc NA Chronic 0.013 0.00
Copper NC - NC - NC - 4.0E-02 H 4.0E-02 Calc NA - 4.0E-02 HEAST | 4.0E-02 Calc NA Chronic 1 0.00
Iron NC - NC - NC - 7.0E-01 P 7.0E-01 Calc NA - 7.0E-01 PROV 7.0E-01 Calc NA Chronic 1 0.00
Lead c NE - NE - NE - NE - NE - NE - NE - NE - NE - 1 0.00
Nickel NC - NC - 2.6E-04 C 2.0E-02 | 8.0E-04 Calc 9.0E-05 A 2.0E-02 HEAST | 8.0E-04 Calc 9.0E-05  Chronic 0.04 0.00
Selenium NC - NC - NC - 5.0E-03 | 5.0E-03 Calc 2.0E-02 C 5.0E-03 HEAST | 5.0E-03 Calc 2.0E-02  Chronic 1 0.00
Silver NC - NC - NC - 5.0E-03 | 2.0E-04 Calc NA - 5.0E-03 HEAST | 2.0E-04 Calc NA Chronic 0.04 0.00
Zinc NC - NC - NC - 3.0E-01 | 3.0E-01 Calc NA - 3.0E-01 HEAST | 3.0E-01 Calc NA Chronic 1 0.00
VOCs
1,2,4-Trimethylbenzene NC - NC - NC - NA - NA Calc 7.0E-03 P NA Chronic NA Calc 7.0E-02 PROV 1 0.00
1,3,5-Trimethylbenzene NC - NC - NC - 1.0E-02 X 1.0E-02 Calc NA - 1.0E-01 PROV 1.0E-01 Calc 1.0E-02 PROV 1 0.00
4-|sopropyltoluene (p-cymene) NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.00
Benzene 5.5E-02 | 5.5E-02 Calc 7.8E-06 | 4.0E-03 | 4.0E-03 Calc 3.0E-02 | 1.0E-02 PROV 1.0E-02 Calc 8.0E-02 PROV 1 0.00
Cyclohexane NC - NC - NC - NA - NA Calc 6.0E+00 | NA Chronic NA Calc 6.0E+00  Chronic 1 0.00
Ethylbenzene 1.1E-02 C 1.1E-02 Calc 2.5E-06 C 1.0E-01 | 1.0E-01 Calc 1.0E+00 | 5.0E-02 PROV 5.0E-02 Calc 9.0E+00 PROV 1 0.00
Isopropylbenzene (cumene) NC - NC - NC - 1.0E-01 | 1.0E-01 Calc 4.0E-01 | 4.0E-01 HEAST | 4.0E-01 Calc 9.0E-02 HEAST 1 0.00
Methyl tert-butyl ether 1.8E-03 C 1.8E-03 Calc 2.6E-07 C NA - NA Calc 3.0E+00 | NA Chronic NA Calc 3.0E+00  Chronic 1 0.00
Methylene chloride 7.5E-03 | 7.5E-03 Calc 4.7E-07 | 6.0E-02 | 6.0E-02 Calc 1.0E+00 A 6.0E-02 HEAST | 6.0E-02 Calc | 3.0E+00 HEAST 1 0.00
n-Butylbenzene NC - NC - NC - 5.0E-02 P 5.0E-02 Calc NA - 1.0E-01 PPRTV | 1.0E-01 Calc NA Chronic 1 0.00
n-Hexane NC - NC - NC - 6.0E-02 H 6.0E-02 Calc 7.0E-01 | 3.0E-01 PROV | 3.0E-01 Calc | 20E+00 PROV 1 0.00
n-Propylbenzene NC - NC - NC - 1.0E-01 X 1.0E-01 Calc 1.0E+00 X 1.0E-01 PROV 1.0E-01 Calc 1.0E+00 PROV 1 0.10
sec-Butylbenzene NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.00
tert-Butylbenzene NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.00
Toluene NC - NC - NC - 8.0E-02 | 8.0E-02 Calc 5.0E+00 | 8.0E-01 PROV | 8.0E-01 Calc | 5.0E+00 PROV 1 0.00
Trichlorofluoromethane (Freon 11 NC - NC - NC - 3.0E-01 | 3.0E-01 Calc 7.0E-01 H 7.0E-01 HEAST | 7.0E-01 Calc 1.0E+00 PROV 1 0.00
Xylenes NC - NC - NC - 2.0E-01 | 2.0E-01 Calc 1.0E-01 | 4.0E-01 PROV 4.0E-01 Calc 4.0E-01 PROV 1 0.00
SVOCs
1-Methylnaphthalene 2.9E-02 P 2.9E-02 Calc NC - 7.0E-02 A 7.0E-02 Calc NA - 7.0E-02  Chronic | 7.0E-02 Calc NA Chronic 1 0.00
2-Methylnaphthalene NC - NC - NC - 4.0E-03 | 4.0E-03 Calc NA - 4.0E-03 PROV 4.0E-03 Calc NA Chronic 1 0.00
Bis(2-ethylhexyl)phthalate 1.4E-02 | 1.4E-02 Calc 2.4E-06 C 2.0E-02 | 2.0E-02 Calc NA - 2.0E-02  Chronic | 2.0E-02 Calc NA Chronic 1 0.10
Dibenzofuran NC - NC - NC - 1.0E-03 X 1.0E-03 Calc NA - 4.0E-03 PROV 4.0E-03 Calc NA Chronic 1 0.00
PAHs
Acenaphthylene NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Anthracene NC - NC - NC - 3.0E-01 3.0E-01 Calc NA - 1.0E+00 PROV | 1.0E+00 Calc NA Chronic 1 0.13
Benzo (a) anthracene f C-TEQ | C-TEQ Calc C-TEQ | NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Benzo (a) pyrene f 7.3E+00 | 7.3E+00 Calc 1.1E-03 [} NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Benzo (b) fluoranthene f C-TEQ | C-TEQ Calc C-TEQ | NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Benzo (g,h,i) perylene NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Benzo (k) fluoranthene f C-TEQ | C-TEQ Calc C-TEQ | NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Chrysene f C-TEQ | C-TEQ Calc C-TEQ | NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Dibenzo (a,h) anthracene f C-TEQ | C-TEQ Calc C-TEQ | NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Fluoranthene NC - NC - NC - 4.0E-02 | 4.0E-02 Calc NA - 4.0E-01 HEAST | 4.0E-01 Calc NA Chronic 1 0.13
Fluorene NC - NC - NC - 4.0E-02 | 4.0E-02 Calc NA - 4.0E-01 HEAST | 4.0E-01 Calc NA Chronic 1 0.13
Indeno (1,2,3-cd) pyrene f C-TEQ C-TEQ Calc C-TEQ | NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Naphthalene NC - NC - 3.4E-05 [} 2.0E-02 | 2.0E-02 Calc 3.0E-03 | 2.0E-02  Chronic | 2.0E-02 Calc 3.0E-03  Chronic 1 0.13
Phenanthrene NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Pyrene NC - NC - NC - 3.0E-02 | 3.0E-02 Calc NA - 3.0E-01 PROV 3.0E-01 Calc NA Chronic 1 0.13
Total Benzo(a)pyrene TEQ  f 7.3E+00 7.3E+00 Calc 1.1E-03 C NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.13
Miscell
Cyanide NC - NC - NC - 2.0E-02 | 2.0E-02 Calc NA - 2.0E-02 HEAST | 2.0E-02 Calc NA Chronic 1 0.00
Sulfate NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 0.00
Sulfolane d NC - NC - NC - 1.0E-03 PPRTV 1.0E-03 Calc NA - 1.0E-02 PPRTV | 1.0E-02 Calc NA Chronic 1 0.00
Sulfolane d NC - NC - NC - 1.0E-02 ARCADIS| 1.0E-02 Calc NA - 1.0E-01 ARCADIS| 1.0E-01 Calc NA Chronic 1 0.00
GRO e NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 NA
DRO e NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 NA
RRO e NC - NC - NC - NA - NA Calc NA - NA Chronic NA Calc NA Chronic 1 NA
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Table 3-13
Human Health Toxicity Values

Human Health Risk Assessment
Flint Hills North Pole Refinery
North Pole, Alaska

Notes:

ABSd = dermal absorption factor, obtained from CalEPA (1999) Preliminary Endangerment Assessment Manual
ABSo = oral absorption factor, obtained from USEPA (2004) Risk Assessment Guidance for Superfund , Part E
ARCADIS = Literature-derived toxicity value, as presented in the main text.

A = Agency for Toxic Substances and Disease Registry (ATSDR) as cited in the USEPA (2011) RSLs

C = CalEPA Office of Environmental Health Hazard Asssessment (OEHHA) Toxicity Criteria Database

C-TEQ = carcingogenic PAH evaluated using Benzo(a)pyrene TEQ. See footnote "c" below.

Calc = calculated using oral absorption fraction folllowing USEPA (2004) Risk Assessment Guidelines for Superfund , Part E.
CSFd = dermal cancer slope factor

CSFo = oral cancer slope factor

DRO = diesel range organic

GRO = gasoline range organic

H = HEAST Tables, as cited in the USEPA (2011) RSLs

HEAST = Health Effects Assessment Summary Tables (HEAST; USEPA, 1997) as cited in the USEPA (2011) Risk Assessment Information System (RAIS) database
| = Integrated Risk Information System (IRIS)

IUR = inhalation unit risk

kg = kilogram(s)

m?® = cubic meter(s)

mg = milligram(s)

Mg = microgram(s)

NA = value not available

NC = not classified by USEPA as a carinogen by the specific exposure route

NE = not evaluated using dose-based toxicity values

PAH = polycyclic aromatic hydrocarbon

PPRTV = Final Peer-Reviewed Toxicity Value for Sulfolane. (USEPA, 2012)

PROV = Provisional Peer-Reviewed Toxicity Values (PPRTVs) as cited in the USEPA (2011) Risk Assessment Information System (RAIS) database
P = Provisional Peer-Reviewed Toxicity Values (PPRTVs) as cited in the USEPA (2011) RSLs

RfC = reference concentration

RfDd = dermal reference dose

RfDo = oral reference dose

RRO = residual range organic

SVOC = semi-volatile organic compound

VOC = volatile organic compound

X = PPRTV Appendix as cited in the USEPA (2011) RSLs

-- = not available

a. Cadmium toxicity values for dietary exposure are used.

b. Toxicity values for Chromium |1l are used for total chromium.

c. Lead evaluated separately using USEPA exposure models.

d. Sulfolane toxicity values from PPRTV (USEPA, 2012) used in the PPRTV Scenario evaluation, toxicity values derived by ARCADIS from the literature used in the ARCADIS Scenario.

e. Total petroluem hydrocarbon (TPH) mixtures evaluated separately using indicator compounds, as described in Alaska Cumulative Risk Guidance (ADEC, 2008).

f. PAHSs considered potential human carcinogens are evaluated in accordance with USEPA (1993) guidance. Accordingly, the estimated "Total Benzo(a)pyrene Toxic Equivalent Concentration” (BaP-TEQ) is evaluated using the toxicity of benzo(a)pyrene
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Table 3-14
Human Health Risk Summary for Onsite and Offsite R

s - UCL and i COoPCC

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Ci ive Risk and Hazard i Based on { COPC C ion [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPCs
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPCs HI Contributing COPCs (mg/L) (mglkg) (mglms) (mglma) (mg/kg ww) [EPC Type
ONSITE RECEPTORS
Onsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-05 2E-01 Benzene 2E+01 - 2E+03 2E-02 - MAX
Soil Gas Total 1E-05 Benzene (93%) 2E-01 -
Grand Total 1E-05 See Soil Gas Total 2E-01 -
Onsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
oral 4E-06 5E-02 Arsenic - 8E+00 - - - UCL
dermal 6E-07 3E-03 NA - - - - - UCL
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 5E-06 Arsenic (97%) 5E-02 -
Grand Total 5E-06 - 5E-02 -
Onsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Subsurface Soil (0 to 15 ft bgs)
oral 8E-07 2E-01 NA - - - - - MAX
dermal 5E-08 3E-03 NA - - - - - MAX
inhalation of outdoor air 8E-08 7E-02 NA - - - - - MAX
Soil Total 1E-06 - 3E-01 -
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 3E-07 6E-02 NA - - - - - MAX
dermal exposure in a trench 4E-06 6E-01 NA - - - - - MAX
Benzene 2E+01 - - 2E+02 - MAX
Ethylbenzene 3E+00 - - 2E+01 - MAX
inhalation of trench air 3E-04 4.8E+01 Naphthalene 3E-01 - - 2E+00 - MAX
Xylenes 1E+01 - - 1E+02 - MAX
1,3,5-Trimethylbenzene 2E-01 - - 1E+00 - MAX
Benzene (64%),
oneenete2), Naghinlens (199,
Groundwater Total 3E-04 N 4.9E+01 Xylenes (8%),
Ethylbenzene (4%) !
See Inhalation of trench air 1.3,5-Tnmethylbenzene (4%)
See Inhalation of trench air
See Groundwater Total See Groundwater Total
Grand Total 3E-04 (Inhalation of trench air) 4.9E+01 (Inhalation of trench air)
Onsite Visitor (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 2E-07 2E-03 NA - - - - - MAX
Soil Gas Total 2E-07 2E-03
Grand Total 2E-07 - 2E-03 -
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1.2E+01 Sulfolane 4E-01 - - - - MAX
Gr Total 0E+00 - 1.2E+01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 8E-01 Sulfolane 4E-01 - -- -- 4E-01 MAX
Produce Total 0E+00 - 8E-01 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
See Groundwater Total &
Grand Total 4E-08 - 1.3E+01 Produce Total
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Table 3-14
Human Health Risk Summary for Onsite and Offsite R

s - UCL and i COoPCC

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Ci ive Risk and Hazard i Based on { COPC C ion [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPCs
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPCs HI Contributing COPCs (mg/L) (mglkg) (mglms) (mglma) (mg/kg ww) [EPC Type
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - ucL
Soil Total 9E-09 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2.8E+01 Sulfolane 4E-01 - - - - MAX
Gr d Total 0E+00 - 2.8E+01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 2E+00 Sulfolane 4E-01 - - - 4E-01 MAX
Produce Total 0E+00 2E+00 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
See Groundwater Total &
Grand Total 9E-09 - 3.1E+01 Produce Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 7E+00 Sulfolane 4E-01 - - - - MAX
Gr Total 0E+00 - 7E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 3E-01 NA - - - - - MAX
Produce Total 0E+00 - 3E-01 NA
Grand Total 1E-09 - 7E+00 See Groundwater Total
Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 9E+00 Sulfolane 4E-01 - - - - MAX
Gr Total 0E+00 - 9E+00 Sulfolane (100%)
Grand Total 0E+00 - 9E+00 See Groundwater Total
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 9E+00 Sulfolane 4E-01 - - - - MAX
Gr Total 0E+00 - 9E+00 Sulfolane (100%)
Grand Total 2E-08 - 9E+00 See Groundwater Total
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 8E-04 NA - - - - - MAX
Gr d Total 0E+00 - 8E-04 -
Grand Total 0E+00 - 8E-04 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 0E+00 - 3E-02 -
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Human Health Risk Summary for Onsite and Offsite Receptors - UCL and

Human Health Risk Assessment - PPRTV Scenario

Table 3-14

Flint Hills North Pole Refinery

North Pole, Alaska

COoPCC

Risk and Hazard i Based on COPC C [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPCs
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPCs HI Contributing COPCs (mg/L) (mglkg) (mglms) (mglma) (mg/kg ww) [EPC Type
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 0E+00 - 2E-01 -
Notes:
COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration
ft bgs = feet below ground surface
HI = hazard index
NA = not applicable
UCL = Upper confidence limit on the mean
Complete risk and hazard calculations are presented in Appendix D.
|[a] ELCRSs exceeding 1x10® and His exceeding 1 are shown in gray.
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-11 and D-12.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
ARCADIS Page 3 of 3
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Human Health Risk Summary for Onsite R

Table 3-15
and Offsite R sinE

e Unit 1 - UCL COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario

Flint Hills North Pole Refinery
North Pole, Alaska

Ci Risk and Hazard Based on UCL COPC C ation [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mgl/L) (mglkg) (mg/m?®) (mg/m®) (mg/kg ww) |EPC Type
ONSITE RECEPTORS
Onsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-06 2E-02 NA - - - - - ucL
Soil Gas Total 1E-06 - 2E-02 -
Grand Total 1E-06 - 2E-02 -
Onsite Commercial/lndustrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
oral 4E-06 5E-02 Arsenic - 8E+00 - - - UCL
dermal 6E-07 3E-03 NA - - - - - UCL
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 5E-06 Arsenic (97%) 5E-02 -
Grand Total 5E-06 - 5E-02 -
Onsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Subsurface Soil (0 to 15 ft bgs)
oral 3E-07 4E-02 NA - - - - - UCL
dermal 2E-08 3E-04 NA - - - - - UCL
inhalation of outdoor air 1E-08 1E-02 NA - - - - - ucL
Soil Total 3E-07 - 6E-02 -
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 2E-08 5E-03 NA - -- - - - UCL
dermal exposure in a trench 3E-07 8E-02 NA - - - - - UCL
Naphthalene 1E-01 -- -- 1E+00 - UCL
inhalation of trench air 3E-05 9E+00 Benzene 1E+00 - - 1E+01 - ucCL
1,3,5-Trimethylbenzene 1E-01 - - 9E-01 - UCL
Benzene(73%), Naphthalene (52%),
Naphthalene (24%) Benzene (26%),
See Inhalation of trench 1,3,5-Trimethylbenzene (15%);
Groundwater Total 3E-05 air 9E+00 See Inhalation of trench air
Grand Total 3E-05 See Groundwater Total 9E+00 See Groundwater Total
Onsite Visitor (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-08 2E-04 NA - - - - - UCL
Soil Gas Total 1E-08 2E-04
Grand Total 1E-08 - 2E-04 -
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 -- 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 5E+00 Sulfolane 2E-01 - - - - ucL
Groundwater Total 0E+00 -- 5E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 3E-01 NA - -- - - - UCL
Produce Total 0E+00 - 3E-01 -
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 4E-08 - 5E+00 See Groundwater Total
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Table 3-15
Human Health Risk Summary for Onsite R and Offsite R s in Exp e Unit 1 - UCL COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Ci ive Risk and Hazard i Based on UCL COPC C ation [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mgl/L) (mglkg) (mg/m?®) (mg/m®) (mg/kg ww) |EPC Type
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - ucL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1.1E+01 Sulfolane 2E-01 - - - - UCL
Groundwater Total 0E+00 -- 1.1E+01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 9E-01 Sulfolane 2E-01 - - - 2E-01 UCL
Produce Total 0E+00 9E-01 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
See Groundwater Total & Produce
Grand Total 9E-09 - 1.2E+01 Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 -- 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E+00 Sulfolane 2E-01 - - - - ucL
Groundwater Total 0E+00 -- 3E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-01 NA - - - - - UCL
Produce Total 0E+00 - 1E-01 -
Grand Total 1E-09 - 3E+00 See Groundwater Total

Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater

oral 0E+00 3E+00 Sulfolane 2E-01 -- - -- -- UCL
Groundwater Total 0E+00 -- 3E+00 Sulfolane (100%)
Grand Total 0E+00 -- 3E+00 See Groundwater Total

Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)

inhalation of outdoor air 2E-08 6E-04 NA - - - - - ucL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E+00 Sulfolane 2E-01 - - - - UCL
Groundwater Total 0E+00 - 3E+00 Sulfolane (100%)
Grand Total 2E-08 -- 3E+00 See Groundwater Total
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Table 3-15
Human Health Risk Summary for Onsite R and Offsite R s in Exp e Unit 1 - UCL COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Ci ive Risk and Hazard i Based on UCL COPC C ation [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mgl/L) (mglkg) (mg/m?®) (mg/m®) (mg/kg ww) |EPC Type
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 3E-04 NA - - - - - UCL
Groundwater Total 0E+00 - 3E-04 -
Grand Total 0E+00 - 3E-04 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 0E+00 - 3E-02 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 0E+00 - 2E-01 -

Notes:

COPC = Constituent of Potential Concern

ELCR = Excess Lifetime Cancer Risk

EPC = Exposure Point Concentration

EU1 = Exposure Unit 1; defined by a boundary that includes all wells with maximum concentrations greater than 100 ug/L.
ft bgs = feet below ground surface

HI = hazard index

NA = not applicable

UCL = Upper confidence limit on the mean

Complete risk and hazard calculations are presented in Appendix E.
| [a] ELCRs exceeding 1x10°° and HIs exceeding 1 are shown in gray. | |
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-11 and D-12.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 3-16a

Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - Maximum Groundwater and UCL Soil COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mglm’) (mglm’) (mg/kg ww) |EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 4E+00 Sulfolane 1.44E-01 - - - -- MAX
Groundwater Total O0E+00 . 4E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce OE+00 3E-01 NA -- -- -- -- -- MAX
Produce Total 0E+00 - 3E-01 -
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - -- -- - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 4E-08 - 4E+00 See Groundwater Total
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 9E+00 Sulfolane 1.44E-01 - - -- -- MAX
Groundwater Total OE+00 - 9E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce OE+00 8E-01 Sulfolane 1.44E-01 -- -- -- 1.44E-01 MAX
Produce Total 0E+00 8E-01 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
See Groundwater Total &
Grand Total 9E-09 - 1.0E+01 Produce Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E+00 Sulfolane 1.44E-01 - -- -- - MAX
Groundwater Total O0E+00 . 2E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce O0E+00 1E-01 NA -- -- -- -- -- MAX
Produce Total 0E+00 - 1E-01 -
Grand Total 1E-09 . 2E+00 See Groundwater Total
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Table 3-16a

Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - Maximum Groundwater and UCL Soil COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario

Flint Hills North Pole Refinery

North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mglm’) (mglm’) (mg/kg ww) |EPC Type
Offsite Commercial/lndustrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E+00 Sulfolane 1.44E-01 - -- -- - MAX
Groundwater Total O0E+00 . 3E+00 Sulfolane (100%)
Grand Total 0E+00 - 3E+00 See Groundwater Total
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E+00 Sulfolane 1.44E-01 - -- -- - MAX
Groundwater Total O0E+00 . 3E+00 Sulfolane (100%)
Grand Total 2E-08 - 3E+00 See Groundwater Total
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion OE+00 3E-04 NA -- -- -- -- -- MAX
Groundwater Total 0E+00 - 3E-04 -
Grand Total 0E+00 - 3E-04 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 0E+00 - 3E-02 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 0E+00 - 2E-01 -
Notes:

COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration

EU2 = Exposure Unit 2; defined by a boundary that includes all wells with maximum concentrations greater than 25 ug/L and less than 100 ug/L.

ft bgs = feet below ground surface

HI = hazard index

NA = not applicable

UCL = Upper confidence limit on the mean

Complete risk and hazard calculations are presented in Appendix D.

| [a] ELCRs exceeding 1x10° and Hls exceeding 1 are shown in gray.

[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-11 and D-12.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.

-- = not applicable
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Table 3-16b
Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - UCL COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mg/m?) (mg/m”) (mg/kg ww) (EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E+00 Sulfolane 5.91E-02 - - - - UCL
Groundwater Total 0E+00 - 2E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-01 NA -- -- -- - - UCL
Produce Total 0E+00 - 1E-01
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA -- -- -- -- -- MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 4E-08 - 2E+00 See Groundwater Total
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 4E+00 Sulfolane 5.91E-02 - - - - UCL
Groundwater Total 0E+00 - 4E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 3E-01 NA -- -- -- - -- UCL
Produce Total 0E+00 3E-01 -
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 9E-09 -- 4E+00 See Groundwater Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 9E-01 NA -- -- -- -- - UCL
Groundwater Total 0E+00 - 9E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 4E-02 NA -- -- -- - -- UCL
Produce Total 0E+00 - 4E-02 -
Grand Total 1E-09 - 9E-01 -
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Table 3-16b
Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - UCL COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

C ive Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mglms) (mglms) (mg/kg ww) |EPC Type
Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1E+00 NA -- -- -- -- - UCL
Groundwater Total 0E+00 - 1E+00 -
Grand Total 0E+00 - 1E+00 -
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1E+00 NA -- -- -- -- - UCL
Groundwater Total 0E+00 - 1E+00 -
Grand Total 2E-08 - 1E+00 -
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 1E-04 NA -- -- -- - -- UCL
Groundwater Total 0E+00 - 1E-04 -
Grand Total 0E+00 - 1E-04 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 0E+00 - 3E-02 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - -- - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 0E+00 - 2E-01 -

Notes:

COPC = Constituent of Potential Concern

ELCR = Excess Lifetime Cancer Risk

EPC = Exposure Point Concentration

EU2 = Exposure Unit 2; defined by a boundary that includes all wells with maximum concentrations greater than 25 ug/L and less than 100 ug/L.
ft bgs = feet below ground surface

HI = hazard index

NA = not applicable

UCL = Upper confidence limit on the mean

Complete risk and hazard calculations are presented in Appendix E.
|[a] ELCRs exceeding 1x10° and His exceeding 1 are shown in gray. |
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-11 and D-12.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 3-17a

Human Health Risk Summary for Offsite Receptors in Exposure Unit 3 - Maximum COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario

Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on Maximum COPC
C ation [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglma) (mglma) (mg/kg ww) |EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E+00 Sulfolane 8.02E-02 - - - - MAX
Gr ) Total 0E+00 -- 2E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-01 NA - - - - - MAX
Produce Total 0E+00 - 1E-01 -
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 4E-08 - 2E+00 See Groundwater Total
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 5E+00 Sulfolane 8.02E-02 - - - - MAX
Groundwater Total 0E+00 - 5E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 4E-01 Sulfolane 8.02E-02 -- - - 8.02E-02 MAX
Produce Total 0E+00 4E-01 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
See Groundwater Total
Grand Total 9E-09 - 6E+00 and Produce Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1E+00 NA - - - - - MAX
Gr ) Total 0E+00 - 1E+00 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 6E-02 NA - - - - - MAX
Produce Total 0E+00 - 6E-02 -
Grand Total 1E-09 - 1E+00 -
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Table 3-17a
Human Health Risk Summary for Offsite Receptors in Exposure Unit 3 - Maximum COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on Maximum COPC
C ation [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglma) (mglma) (mg/kg ww) |EPC Type
Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E+00 Sulfolane 8.02E-02 - - - - MAX
Gr ) Total 0E+00 -- 2E+00 Sulfolane (100%)
Grand Total 0E+00 - 2E+00 See Groundwater Total
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E+00 Sulfolane 8.02E-02 - - - - MAX
Gr ) Total 0E+00 -- 2E+00 Sulfolane (100%)
Grand Total 2E-08 - 2E+00 See Groundwater Total
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 1E-04 NA - - - - - MAX
Groundwater Total 0E+00 - 1E-04 -
Grand Total 0E+00 - 1E-04 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 0E+00 - 3E-02 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 0E+00 - 2E-01 -

Notes:
COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration
EU3 = Exposure Unit 3; defined by a boundary that includes all wells with maximum concentrations greater than the detection limit and less than 25 ug/L.
ft bgs = feet below ground surface
HI = hazard index
NA = not applicable
UCL = Upper confidence limit on the mean
Complete risk and hazard calculations are presented in Appendix D.
|[a] ELCRs exceeding 1x10° and Hls exceeding 1 are shown in gray.
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-11 and D-12.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable

FHR_HHRA_offsitetEU3_MAX_PPRTV Scenario_040312.xlsm ARCADIS Page 2 of 2



Table 3-17b

Human Health Risk Summary for Offsite Receptors in Exposure Unit 3 - UCL COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Risk and Hazard E: Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglm:‘) (mglm:‘) (mg/kg ww) |EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E-01 NA -- -- -- - - UCL
Groundwater Total 0E+00 - 3E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 2E-02 NA -- -- -- -- -- UCL
Produce Total 0E+00 - 2E-02 -
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 4E-08 - 3E-01 -
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 7E-01 NA - - - - - UCL
Groundwater Total 0E+00 - 7E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 5E-02 NA - - - - -- UCL
Produce Total 0E+00 5E-02 -
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 9E-09 - 9E-01 -
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 NA - - - - - UCL
Groundwater Total 0E+00 - 2E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 7E-03 NA - - - - -- UCL
Produce Total 0E+00 - 7E-03 -
Grand Total 1E-09 - 2E-01 -
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Table 3-17b

Human Health Risk Summary for Offsite Receptors in Exposure Unit 3 - UCL COPC Concentrations

Human Health Risk Assessment - PPRTV Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Risk and Hazard E: Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
PPRTV Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglm:‘) (mglm:‘) (mg/kg ww) |EPC Type
Offsite Commercial/lndustrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 NA -- -- -- - - UCL
Groundwater Total 0E+00 - 2E-01 -
Grand Total 0E+00 - 2E-01 -
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 --
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 NA -- -- -- - - UCL
Groundwater Total 0E+00 - 2E-01 -
Grand Total 2E-08 - 2E-01 -
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 2E-05 NA -- -- -- -- -- UCL
Groundwater Total 0E+00 - 2E-05 -
Grand Total 0E+00 - 2E-05 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-02 NA - -- - - - MAX
Surface Water Total 0E+00 - 3E-02 -
Grand Total 0E+00 - 3E-02 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-01 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-01 -
Grand Total 0E+00 - 2E-01 -
Notes:

COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration

EU3 = Exposure Unit 3; defined by a boundary that includes all wells with maximum concentrations greater than the detection limit and less than 25 ug/L.

ft bgs = feet below ground surface

HI = hazard index

NA = not applicable

UCL = Upper confidence limit on the mean

Complete risk and hazard calculations are presented in Appendix E.

|[a] ELCRs exceeding 1x10”° and His exceeding 1 are shown in gray.

[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-11 and D-12.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.

-- = not applicable

FHR_HHRA_offsiteEU3_UCL_PPRTV Scenario_040312.xIsm

ARCADIS

Page 2 of 2



Table 4-1

Human Health Risk Summary for Onsite and Offsite Recep -UCL and i d COPC C i - ARCADIS Comp Scenario
Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska
Ci ive Risk and Hazard i Based on Maxi COPC C ion [a] Contributing EPC of Contributing COPC
ARCADIS Ci ive Scenario COPCs
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPCs HI Contributing COPCs (mg/L) (mglkg) (mglms) (mglma) (mg/kg ww) |EPC Type
ONSITE RECEPTORS
Onsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-05 2E-01 Benzene 2E+01 - 2E+03 2E-02 - MAX
Soil Gas Total 1E-05 Benzene (93%) 2E-01 -
Grand Total 1E-05 See Soil Gas Total 2E-01 -
Onsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
oral 4E-06 5E-02 Arsenic - 8E+00 - - - UCL
dermal 6E-07 3E-03 NA - - - - - UCL
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UcCL
Soil Total 5E-06 Arsenic (97%) 5E-02 -
Grand Total 5E-06 - 5E-02 -
Onsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Subsurface Soil (0 to 15 ft bgs)
oral 8E-07 2E-01 NA - - - - - MAX
dermal 5E-08 3E-03 NA - - - - - MAX
inhalation of outdoor air 8E-08 7E-02 NA - - - - - MAX
Soil Total 1E-06 - 3E-01 -
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 3E-07 4E-02 NA - - - - - MAX
dermal exposure in a trench 4E-06 6E-01 NA - - - - - MAX
Benzene 2E+01 - - 2E+02 - MAX
Ethylbenzene 3E+00 - - 2E+01 - MAX
inhalation of trench air 3E-04 4.8E+01 Naphthalene 3E-01 - - 2E+00 - MAX
Xylenes 1E+01 - - 1E+02 - MAX
1,3,5-Trimethylbenzene 2E-01 - - 1E+00 - MAX
Benzene (64%),
Ngs:;?:ﬁzz(?g/; ) Naphthalenfz (192@,
Groundwater Total 3E-04 N 4.9E+01 Xylenes (8%),
Ethylbenzene (4%) !
See Inhalation of trench air 1.3,5-Tnmethylbenzene (4%)
See Inhalation of trench air
See Groundwater Total See Groundwater Total
Grand Total 3E-04 (Inhalation of trench air) 4.9E+01 (Inhalation of trench air)
Onsite Visitor (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 2E-07 2E-03 NA - - - - - MAX
Soil Gas Total 2E-07 2E-03
Grand Total 2E-07 - 2E-03 -
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UcL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1.2E+00 Sulfolane 4E-01 - - - - MAX
Groundwater Total 0E+00 - 1.2E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 8E-02 Sulfolane 4E-01 -- -- -- 4E-01 MAX
Produce Total 0E+00 - 8E-02 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
See Groundwater Total &
Grand Total 4E-08 - 1.3E+00 Produce Total
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Table 4-1

Human Health Risk Summary for Onsite and Offsite Recep -UCL and i d COPC C - ARCADIS Comp Scenario
Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska
Risk and Hazard Based on M: COPC C ion [a] Contributing EPC of Contributing COPC
ARCADIS C Scenario COPCs
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPCs HI Contributing COPCs (mg/L) (mglkg) (mglms) (mglma) (mg/kg ww) |EPC Type
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - ucL
Soil Total 9E-09 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2.8E+00 Sulfolane 4E-01 - - - - MAX
Gr Total 0E+00 - 2.8E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 2E-01 Sulfolane 4E-01 - - - 4E-01 MAX
Produce Total 0E+00 2E-01 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
See Groundwater Total &
Grand Total 9E-09 - 3.1E+00 Produce Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UcCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 7E-01 Sulfolane 4E-01 - - - - MAX
Groundwater Total 0E+00 - 7E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 3E-02 NA - - - - - MAX
Produce Total 0E+00 - 3E-02 NA
Grand Total 1E-09 - 7E-01 See Groundwater Total
Offsite Commercial/lndustrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / VVolatiles in Groundwater
oral 0E+00 9E-01 Sulfolane 4E-01 - - - - MAX
Groundwater Total 0E+00 - 9E-01 Sulfolane (100%)
Grand Total 0E+00 - 9E-01 See Groundwater Total
Offsite Commercial/lIndustrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral OE+00 9E-01 Sulfolane 4E-01 - - - - MAX
Groundwater Total 0E+00 - 9E-01 Sulfolane (100%)
Grand Total 2E-08 - 9E-01 See Groundwater Total
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 8E-05 NA - - - - - MAX
Gr Total 0E+00 - 8E-05 -
Grand Total 0E+00 - 8E-05 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 0E+00 - 3E-03 -

FHR_HHRA_onsite-offsite_UCLs0il_MAXgw_ARCADIS Comparative Scenario_052112.xism
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Table 4-1

Human Health Risk Summary for Onsite and Offsite R -UCL and i d COPC C - ARCADIS Comp Scenario
Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska
Risk and Hazard i Based on M: COPC C [a] Contributing EPC of Contributing COPC
ARCADIS C Scenario COPCs
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPCs HI Contributing COPCs (mg/L) (mglkg) (mglms) (mglma) (mg/kg ww) |EPC Type
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 0E+00 - 2E-02 -
Notes:
COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration
ft bgs = feet below ground surface
HI = hazard index
NA = not applicable
UCL = Upper confidence limit on the mean
Complete risk and hazard calculations are presented in Appendix D.
|[a] ELCRs exceeding 1x10° and His exceeding 1 are shown in gray.
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-35 and D-36.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 4-2

Human Health Risk S s and Offsite R inE

y for Onsite R Unit 1 - UCL COPC Concentrations - ARCADIS Comparative Scenario
Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Based on UCL COPC C ation [a] Contributing EPC of Contributing COPC
Arcadis Comparative Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mgl/L) (mglkg) (mg/m?®) (mg/m®) (mg/kg ww) |EPC Type
ONSITE RECEPTORS
Onsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-06 2E-02 NA - - - - - ucL
Soil Gas Total 1E-06 - 2E-02 -
Grand Total 1E-06 - 2E-02 -
Onsite Commercial/lndustrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
oral 4E-06 5E-02 Arsenic - 8E+00 - - - UCL
dermal 6E-07 3E-03 NA - - - - - UCL
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 5E-06 Arsenic (97%) 5E-02 -
Grand Total 5E-06 - 5E-02 -
Onsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Subsurface Soil (0 to 15 ft bgs)
oral 3E-07 4E-02 NA - - - - - UCL
dermal 2E-08 3E-04 NA - - - - - UCL
inhalation of outdoor air 1E-08 1E-02 NA - - - - - ucL
Soil Total 3E-07 - 6E-02 -
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 2E-08 4E-03 NA - -- - - - UCL
dermal exposure in a trench 3E-07 8E-02 NA - - - - - UCL
Naphthalene 1E-01 -- -- 1E+00 - UCL
inhalation of trench air 3E-05 9E+00 Benzene 1E+00 - - 1E+01 - ucCL
1,3,5-Trimethylbenzene 1E-01 - - 9E-01 - UCL
Benzene(73%), Naphthalene (52%),
Naphthalene (24%) Benzene (26%),
See Inhalation of trench 1,3,5-Trimethylbenzene (15%);
Groundwater Total 3E-05 air 9E+00 See Inhalation of trench air
Grand Total 3E-05 See Groundwater Total 9E+00 See Groundwater Total
Onsite Visitor (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-08 2E-04 NA - - - - - UCL
Soil Gas Total 1E-08 2E-04
Grand Total 1E-08 - 2E-04 -
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 -- 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral OE+00 5E-01 Sulfolane 2E-01 - - - - ucL
Groundwater Total 0E+00 -- 5E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 3E-02 NA - -- - - - UCL
Produce Total 0E+00 - 3E-02 -
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 4E-08 - 5E-01 See Groundwater Total
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Table 4-2
Human Health Risk S y for Onsite R s and Offsite R inE Unit 1 - UCL COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk A - ARCADIS Comp ive Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard i Based on UCL COPC C ation [a] Contributing EPC of Contributing COPC
Arcadis Comparative Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mgl/L) (mglkg) (mg/m?®) (mg/m®) (mg/kg ww) |EPC Type
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - ucL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1.1E+00 Sulfolane 2E-01 - - - - UCL
Groundwater Total 0E+00 -- 1.1E+00 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 9E-02 Sulfolane 2E-01 - - - 2E-01 UCL
Produce Total 0E+00 9E-02 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
See Groundwater Total & Produce
Grand Total 9E-09 - 1.2E+00 Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 -- 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E-01 Sulfolane 2E-01 - - - - ucL
Groundwater Total 0E+00 -- 3E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-02 NA - - - - - UCL
Produce Total 0E+00 - 1E-02 -
Grand Total 1E-09 - 3E-01 See Groundwater Total

Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater

oral 0E+00 3E-01 Sulfolane 2E-01 - - - - ucCL
Groundwater Total 0E+00 -- 3E-01 Sulfolane (100%)
Grand Total 0E+00 -- 3E-01 See Groundwater Total

Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)

inhalation of outdoor air 2E-08 6E-04 NA - - - - - ucL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E-01 Sulfolane 2E-01 - - - - UCL
Groundwater Total 0E+00 - 3E-01 Sulfolane (100%)
Grand Total 2E-08 - 3E-01 See Groundwater Total
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Human Health Risk S

Table 4-2

y for Onsite R

s and Offsite R

inE Unit 1 - UCL COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Based on UCL COPC C ation [a] Contributing EPC of Contributing COPC
Arcadis Comg Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mgl/L) (mglkg) (mg/m?®) (mg/m®) (mg/kg ww) |EPC Type
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 3E-05 NA - - - - - UCL
Groundwater Total 0E+00 - 3E-05 -
Grand Total 0E+00 - 3E-05 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 0E+00 - 3E-03 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 0E+00 - 2E-02 -
Notes:
COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration
EU1 = Exposure Unit 1; defined by a boundary that includes all wells with maximum concentrations greater than 100 ug/L.
ft bgs = feet below ground surface
HI = hazard index
NA = not applicable
UCL = Upper confidence limit on the mean
Complete risk and hazard calculations are presented in Appendix E.
| [a] ELCRs exceeding 1x10° and HIs exceeding 1 are shown in gray. | |
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-35 and D-36.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 4-3a

Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - Maximum Groundwater and UCL Soil COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk Assessment - ARCADIS Comparative Scenario

Flint Hills North Pole Refinery
North Pole, Alaska

Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Groundwater Soil Soil Gas [ Indoor/Trench Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mglms) (mglms) (mg/kg ww) |EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 4E-01 Sulfolane 1.44E-01 - - - - MAX
Groundwater Total 0E+00 - 4E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 3E-02 NA -- -- -- - - MAX
Produce Total 0E+00 - 3E-02 -
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA -- -- -- -- -- MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 4E-08 - 4E-01 See Groundwater Total
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 9E-01 Sulfolane 1.44E-01 - - - - MAX
Groundwater Total 0E+00 - 9E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 8E-02 Sulfolane 1.44E-01 -- - - 1.44E-01 MAX
Produce Total 0E+00 8E-02 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA -- -- -- -- -- MAX
Surface Water Total 0E+00 - 2E-02 -
See Groundwater Total &
Grand Total 9E-09 - 1.0E+00 Produce Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 Sulfolane 1.44E-01 - - - - MAX
Groundwater Total 0E+00 - 2E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-02 NA -- -- -- - -- MAX
Produce Total 0E+00 - 1E-02 -
Grand Total 1E-09 -- 2E-01 See Groundwater Total
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Table 4-3a

Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - Maximum Groundwater and UCL Soil COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

C Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Groundwater Soil Soil Gas [ Indoor/Trench Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mglms) (mglms) (mg/kg ww) |EPC Type
Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E-01 Sulfolane 1.44E-01 - - - - MAX
Groundwater Total 0E+00 - 3E-01 Sulfolane (100%)
Grand Total 0E+00 - 3E-01 See Groundwater Total
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E-01 Sulfolane 1.44E-01 - - - - MAX
Groundwater Total 0E+00 - 3E-01 Sulfolane (100%)
Grand Total 2E-08 - 3E-01 See Groundwater Total
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 3E-05 NA -- -- -- - - MAX
Groundwater Total 0E+00 - 3E-05 -
Grand Total 0E+00 - 3E-05 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA -- -- -- -- -- MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 0E+00 - 3E-03 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - -- - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 0E+00 - 2E-02 -
Notes:
COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration
EU2 = Exposure Unit 2; defined by a boundary that includes all wells with maximum concentrations greater than 25 ug/L and less than 100 ug/L.
ft bgs = feet below ground surface
HI = hazard index
NA = not applicable
UCL = Upper confidence limit on the mean
Complete risk and hazard calculations are presented in Appendix D.
| [a] ELCRs exceeding 1x10”° and His exceeding 1 are shown in gray. | |
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-35 and D-36.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 4-3b
Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - UCL COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mg/m?) (mg/m”) (mg/kg ww) (EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 Sulfolane 5.91E-02 - - - - UCL
Groundwater Total 0E+00 - 2E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-02 NA -- -- -- - - UCL
Produce Total 0E+00 - 1E-02
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA -- -- -- -- -- MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 4E-08 - 2E-01 See Groundwater Total
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 4E-01 Sulfolane 5.91E-02 - - - - UCL
Groundwater Total 0E+00 - 4E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 3E-02 NA -- -- -- - -- UCL
Produce Total 0E+00 3E-02 -
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 9E-09 - 4E-01 See Groundwater Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 9E-02 NA -- -- -- -- - UCL
Groundwater Total 0E+00 - 9E-02 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 4E-03 NA -- -- -- - -- UCL
Produce Total 0E+00 - 4E-03 -
Grand Total 1E-09 - 9E-02 -
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Table 4-3b
Human Health Risk Summary for Offsite Receptors in Exposure Unit 2 - UCL COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

C ive Risk and Hazard Estimates Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Indoor/Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mglms) (mglms) (mg/kg ww) |EPC Type
Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1E-01 NA -- -- -- -- - UCL
Groundwater Total 0E+00 - 1E-01 -
Grand Total 0E+00 - 1E-01 -
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1E-01 NA -- -- -- -- - UCL
Groundwater Total 0E+00 - 1E-01 -
Grand Total 2E-08 - 1E-01 -
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 1E-05 NA -- -- -- - -- UCL
Groundwater Total 0E+00 - 1E-05 -
Grand Total 0E+00 - 1E-05 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 0E+00 - 3E-03 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - -- - - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 0E+00 - 2E-02 -

Notes:

COPC = Constituent of Potential Concern

ELCR = Excess Lifetime Cancer Risk

EPC = Exposure Point Concentration

EU2 = Exposure Unit 2; defined by a boundary that includes all wells with maximum concentrations greater than 25 ug/L and less than 100 ug/L.
ft bgs = feet below ground surface

HI = hazard index

NA = not applicable

UCL = Upper confidence limit on the mean

Complete risk and hazard calculations are presented in Appendix E.
|[a] ELCRs exceeding 1x10° and His exceeding 1 are shown in gray. |
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-35 and D-36.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 4-4a

Human Health Risk Summary for Offsite Receptors in Exposure Unit 3 - Maximum COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk Assessment - ARCADIS Comparative Scenario

Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on Maximum COPC
C ation [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglma) (mglma) (mg/kg ww) |EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 Sulfolane 8.02E-02 - - - - MAX
Gr ) Total 0E+00 -- 2E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-02 NA - - - - - MAX
Produce Total 0E+00 - 1E-02 -
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 4E-08 - 2E-01 See Groundwater Total
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 5E-01 Sulfolane 8.02E-02 - - - - MAX
Groundwater Total 0E+00 - 5E-01 Sulfolane (100%)
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 4E-02 Sulfolane 8.02E-02 -- - - 8.02E-02 MAX
Produce Total 0E+00 4E-02 Sulfolane (100%)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
See Groundwater Total
Grand Total 9E-09 - 6E-01 and Produce Total
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1E-01 NA - - - - - MAX
Gr ) Total 0E+00 - 1E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 6E-03 NA - - - - - MAX
Produce Total 0E+00 - 6E-03 -
Grand Total 1E-09 - 1E-01 -
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Table 4-4a
Human Health Risk Summary for Offsite Receptors in Exposure Unit 3 - Maximum COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk Assessment - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on Maximum COPC
C ation [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglma) (mglma) (mg/kg ww) |EPC Type
Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 Sulfolane 8.02E-02 - - - - MAX
Gr ) Total 0E+00 -- 2E-01 Sulfolane (100%)
Grand Total 0E+00 - 2E-01 See Groundwater Total
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-01 Sulfolane 8.02E-02 - - - - MAX
Gr ) Total 0E+00 -- 2E-01 Sulfolane (100%)
Grand Total 2E-08 - 2E-01 See Groundwater Total
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 1E-05 NA - - - - - MAX
Groundwater Total 0E+00 - 1E-05 -
Grand Total 0E+00 - 1E-05 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 0E+00 - 3E-03 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 0E+00 - 2E-02 -

Notes:
COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration
EU3 = Exposure Unit 3; defined by a boundary that includes all wells with maximum concentrations greater than the detection limit and less than 25 ug/L.
ft bgs = feet below ground surface
HI = hazard index
NA = not applicable
UCL = Upper confidence limit on the mean
Complete risk and hazard calculations are presented in Appendix D.
|[a] ELCRs exceeding 1x10° and Hls exceeding 1 are shown in gray.
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-35 and D-36.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 4-4b
Human Health Risk S y for Offsite Receptors in Exposure Unit 3 - UCL COPC Concentrations - ARCADIS Comparative Scenario

Human Health Risk A 1t - ARCADIS C
Flint Hills North Pole Refinery
North Pole, Alaska

ative Scenario

P

C ive Risk and Hazard Esti Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Groundwater Soil Soil Gas Indoor/Trench Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglm:‘) (mglm:‘) (mg/kg ww) |EPC Type
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 NA - - - - - UCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 3E-02 NA -- -- -- - - UCL
Groundwater Total 0E+00 - 3E-02 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 2E-03 NA -- -- -- -- -- UCL
Produce Total 0E+00 - 2E-03 -
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - - - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 4E-08 - 3E-02 -
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 NA - - - - - UCL
Soil Total 9E-09 - 1E-03
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 7E-02 NA - - - - - UCL
Groundwater Total 0E+00 - 7E-02 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 5E-03 NA - - - - -- UCL
Produce Total 0E+00 5E-03 -
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 9E-09 - 9E-02 -
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 7E-04 NA - - - - - UCL
Soil Total 1E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-02 NA - - - - - UCL
Groundwater Total 0E+00 - 2E-02 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 7E-04 NA - - - - -- UCL
Produce Total 0E+00 - 7E-04 -
Grand Total 1E-09 - 2E-02 -
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Table 4-4b

Human Health Risk S y for Offsite Receptors in Exposure Unit 3 - UCL COPC Concentrations - ARCADIS Comparative Scenario
Human Health Risk A 1t - ARCADIS Comparative Scenario
Flint Hills North Pole Refinery
North Pole, Alaska
C ive Risk and Hazard Esti Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
ARCADIS Comparative Scenario COPC
Groundwater Soil Soil Gas Indoor/Trench Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mg/kg) (mglm:‘) (mglm:‘) (mg/kg ww) |EPC Type
Offsite Commercial/lndustrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-02 NA -- -- -- - - UCL
Groundwater Total 0E+00 - 2E-02 -
Grand Total 0E+00 - 2E-02 -
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 NA - - - - - UCL
Soil Total 2E-08 - 6E-04 --
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 2E-02 NA -- -- -- - - UCL
Groundwater Total 0E+00 - 2E-02 -
Grand Total 2E-08 - 2E-02 -
Offsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 0E+00 2E-06 NA -- -- -- -- -- UCL
Groundwater Total 0E+00 - 2E-06 -
Grand Total 0E+00 - 2E-06 -
Offsite Adult Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 3E-03 NA - -- - - - MAX
Surface Water Total 0E+00 - 3E-03 -
Grand Total 0E+00 - 3E-03 -
Offsite Child Recreator (Chronic Exposure)
Exposure to Surface Water [b]
oral 0E+00 2E-02 NA - - - - - MAX
Surface Water Total 0E+00 - 2E-02 -
Grand Total 0E+00 - 2E-02 -

Notes:

COPC = Constituent of Potential Concern

ELCR = Excess Lifetime Cancer Risk

EPC = Exposure Point Concentration

EU3 = Exposure Unit 3; defined by a boundary that includes all wells with maximum concentrations greater than the detection limit and less than 25 ug/L.
ft bgs = feet below ground surface

HI = hazard index

NA = not applicable

UCL = Upper confidence limit on the mean

Complete risk and hazard calculations are presented in Appendix E.
|[a] ELCRs exceeding 1x10”° and His exceeding 1 are shown in gray. |
[b] Complete risk and hazard calculations for the resident and recreator surface water (swimming) pathway are presented in Appendix D, Tables D-35 and D-36.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 4-5

Human Health Exposure Parameters - ARCADIS Exposure Assumptions

Human Health Risk Assessment - ARCADIS Scenario

Flint Hills North Pole Refinery
North Pole, Alaska

Onsite and Offsite Onsite Onsite and Offsite Onsite Offsite Offsite Offsite Offsite Offsite
(of ial/Industrial | C. ial/industrial | Construction/Trench Adult Adult Child (1-6 yr) | Infant (0-1 yr) Adult Child (1-6 yr)
Constituent Symbol Units Indoor Worker Outdoor Worker Worker Visitor Resident Resident Resident Recreator Recreator
Cl Clo CST VIS ADUR CHR INF AREC CREC
General Factors
Averaging Time (cancer) ATc days 25,550 a,b 25,550 a,b 25,550 a 25,550 a 25,550 |ab 25,550 |a,b 25,550 |a,b|25,550| ab |25550( ab
Averaging Time (noncancer) ATnc days 9,125 a 9,125 a 365 a 10,950 a 10,950 a 2,190 a 365 a | 10,950 a 2,190 a
Body Weight BW kg 70 b, d 70 b, d 70 d, f 70 b 70 b, d 15 b,d 6.75 n 70 b, d 15 o
Exposure Frequency - Soil EF days/yr 250 b, c 250 b, c 125 d, f 12 PJ 270 b, c 270 b, c 270 b,d - -
Exposure Frequency - Groundwater EFgw days/year 250 b, c 250 b, c 125 d, f 12 PJ 350 b 350 b 350 b,d - —
Exposure Frequency - Surface water EFsw days/year - - - 30 PJ 30 PJ - 30 PJ 30 24
Exposure Duration ED years 25 b 25 b 1 PJ 30 b 30 b 6 b 1 n 30 b 6 b
Exposure Time ET hr/day 8 PJ 8 PJ 1 PJ 2 PJ 12 PJ 12 PJ 12 PJ 0.5 PJ 0.5 R
Groundwater - Ingestion (Oral)
Groundwater Ingestion Rate (drinking water) IRgw L/day 2 b 2 b - - 2 b 1 d 1.05 |
Groundwater Ingestion Rate (incidental) IRinc_gw L/day - - 0.0037 m - - - - - -
Fraction Ingested from Source Figw unitless 1 cons 1 cons 1 cons - 1 cons 1 cons 1 cons| — -
Groundwater - Dermal Contact - -
Exposed Skin Surface Area SSAgw cmz2 - - 2,230 k - - - -
Event Frequency EvFgw events/day - - 1 -- - - - - - -
Event Time EvTgw hr/event - - 1 PJ - - - - - -
Groundwater - Inhalation of Volatiles - -
Exposure Frequency - Trench Air EFtr days/year - - 125 PJ - - - - - -
Soil - Ingestion (Oral) - -
Incidental Soil Ingestion Rate IRs mg/day - 100 b, f 330 i - - - - - -
Fraction Ingested from Source Fl unitless - 1 -- 1 cons - - - - - -
Soil - Dermal Contact - -
Exposed Skin Surface Area SA cmz? - 2,230 k 2,230 k - - - - 1 b 1 b
Skin Adherence Factor AF mg/cmz-day - 0.2 b, h 0.3 i - - - - - -
Fraction in Contact with Soil FC unitless - 1 b 1 b - - - - - -
Event Frequency EvFs events/day - 1 -- 1 -- - - - - - -
Soil - Inhalation of Dust and Vapor - -
Particulate Emission Factor PEF m3/kg - 1.32E+09 b,e 1.00E+06 e} - 1.32E+09 | b,e | 1.32E+09 | e | 1.32E+09| e - -
Homegrown Produce Ingestion
Fruit Ingestion Rate IRPfr mg/day - - - - 63,000 g 69,000 g 41,850 g
Vegetable Ingestion Rate IRPvg mg/day - - - - 175,000 g 81,000 g 33,750 g - -
Fraction Ingested from Source Flp unitless - - - - 0.25 PJ 0.25 PJ 0.25 PJ - -
Bioconcentration Factor BCF L/kg ww 0.32 q 0.32 q 0.32 q - -
Surface water - Ingestion (Oral)
Surface water Ingestion Rate (incidental) IRinc_sw L/hour 0.021 p 0.049 p 0.021 p 0.049 p
Fraction Ingested from Source Fisw unitless 1 cons 1 cons 1 cons 1 cons
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Table 4-5
Human Health Exposure Parameters - ARCADIS Exposure Assumptions

Human Health Risk Assessment - ARCADIS Scenario
Flint Hills North Pole Refinery
North Pole, Alaska

Notes:

a. The averaging period for cancer risk is the expected lifespan of 70 years expressed in days (70 years * 365 days/year). The averaging period for non-cancer risk is the total exposure period expressed in days (ED * 365 days/year).

b. ADEC (2010). Risk Assessmenet Procedures Manual. July.

c. Soil exposure frequency is based on the climate zone in which the site is located, consistent with ADEC’s Cleanup Level Guidance (DEC 2008). Residential and

recreation/subsistence user soil exposure frequency is 270 d/yr for the under 40-inch zone. For commercial/industrial workers the soil exposure frequency is 250 d/yr for the

d. USEPA. 1989. Risk Assessment Guidance for Superfund.Volume |, Human Health Evaluation Manual (Part A) . EPA/540/1-89-002. December.

e. CALEPA. 2011. Human Health RIsk Assessment Note 1. Recommended DTSC Default Exposure Factors for Use in Risk Assessment at California Hazardous Waste Sites and Permitted Facilities. May.

f. USEPA. 1991. Standard Default Exposure Factors, Interim Final . OSWER Directive: 9285.6-03. March.

g. USEPA (2011). Exposure Factors Handbook. For fruit: Table 9-3, mean per capita intake (value for ages 3-5 years used for child). For vegetables: Table 9-5, mean per capita intake of leafy vegetables (value for ages 3-5
years used for child). IRPs in EFH were multiplied by body weight.

h. USEPA (2004). Risk Assessment Guidance for Superfund, Vol 1, Part E, Supplemental Guidance for Dermal Risk Assessment. Office of Emergency and Remedial

i. USEPA (2002a). Supplemental Guidance for Developing Soil Screening Levels for Superfund Sites. OSWER 9355.4-24. December.

j. This PEF value corresponds to a respirable dust concentration of 1 mg/m3. This is based on a maximum concentration of dust in air of 10 mg/m3 recommended by the American Conference of Governmental Industrial
Hygienists (ACGIH 2004, Threshold Limit Values and Biological Exposure Indices), and the assumption that 10 percent of the mass of particles are in the respirable PM10 range.

k. USEPA (2011). Exposure Factors Handbook. Table 7-2, average of adult male and adult female mean values for head and hands.

|. USEPA (2011). Exposure Factors Handbook. Table 3-1, time-weighted 95th percentile ingestion rate for infants.

m. USEPA (2011). Exposure Factors Handbook. Table 3-93, mean incidental ingestion of water during wading/spashing activities.

n. USEPA (2008). Child-Specific Exposure Factors Handbook. EPA/600/R-06/096F. September.

0. See footnotes b and d.

p. USEPA (2011). Exposure Factors Handbook. Recommended mean values for swimmers from Table 3-5.

q. Derived from the literature as described in the main text.

Exposure equations are presented in Section 3 of the main text.
Exposure parameters with alternate values in the PPRTV and ARCADIS Scenarios are highlighted in gray.

cm Centimeter.

cons Conservative assumption (see text).

hr Hour.

kg Kilogram.

L liter

m Meter.

mg milligrams

PJ Professional judgement

ww wet weight

yr year
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Table 4-6

Human Health Risk Summary for Onsite Construction/Trench Worker Receptors - Maximum and UCL COPC Concentrations

Human Health Risk Assessment - ARCADIS Scenario
Flint Hills North Pole Refinery

North Pole, Alaska

Cumulative Risk and Hazard Estimates Based on Maximum and UCL COPC
C ations [a] Contributing EPC of Contributing COPC
ARCADIS Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mg/ma) (mg/ma) (mg/kg ww) |EPC Type
ONSITE RECEPTORS
Onsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Subsurface Soil (0 to 15 ft bgs)
oral 8E-07 2E-01 NA - - - - - MAX
dermal 5E-08 3E-03 NA - - - - - MAX
inhalation of outdoor air 8E-08 7E-02 NA - - - - - MAX
Soil Total 1E-06 - 3E-01 -
Exposure to Groundwater / Volatiles in Groundwater
incidental ingestion 2E-08 4E-03 NA - - - - - UCL
dermal exposure in a trench 3E-07 8E-02 Benzene 1E+00 - - - - UCL
Naphthalene 1E-01 - - 1E+00 - UCL
inhalation of trench air 3E-05 9E+00 Benzene 1E+00 — — 1E+01 — ucL
1,3,5-Trimethylbenzene 1E-01 - - 9E-01 - UCL
Benzene(73%), Naphthalene (52%), Benzene
Naphthalene (24%) (26%), 1,3,5-
see inhalation of trench Trimethylbenzene (15%); see
Groundwater Total 3E-05 air 9E+00 Inhalation of trench air
Grand Total 3E-05 See Groundwater Total 9E+00 See Groundwater Total
Notes:
COPC = Constituent of Potential Concern
ELCR = Excess Lifetime Cancer Risk
EPC = Exposure Point Concentration
ft bgs = feet below ground surface
HI = hazard index
NA = not applicable
UCL = Upper confidence limit on the mean
Complete risk and hazard calculations are presented in Appendix F.
|[a] ELCRs exceeding 1x10°° and Hls exceeding 1 are shown in gray.
Values of 0.0 indicate that the pathway was not evaluated, due to lack of appropriate toxicity values, or no COPCs were selected for that media.
-- = not applicable
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Table 4-7

Human Health Risk Summary for Onsite Receptors and Offsite Receptors in Exposure Unit 1 - UCL COPC Concentrations

Human Health Risk Assessment - ARCADIS Scenario
Flint Hills North Pole Refinery

North Pole, Alaska

Cumulative Risk and Hazard E: Based on UCL COPC C: ation [a] Contributing EPC of Contributing COPC
ARCADIS Scenario COPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mglma) (mglma) (mg/kg ww) | EPC Type
ONSITE RECEPTORS
Onsite Commercial/lIndustrial Indoor Worker (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-06 2E-02 - - - - - - ucL
Soil Gas Total 1E-06 - 2E-02 -
Grand Total 1E-06 - 2E-02 -
Onsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
oral 4E-06 5E-02 Arsenic - 8E+00 - - - ucCL
dermal 6E-07 3E-03 NA - - - - - ucL
inhalation of outdoor air 2E-08 6E-04 NA - - - - - ucL
Soil Total 5E-06 Arsenic (97%) 5E-02 B
Grand Total 5E-06 See Soil Total 5E-02 -
Onsite Construction/Trench Worker (Subchronic Exposure)
Exposure to Subsurface Soil (0 to 15 ft bgs)
oral 3E-07 4E-02 NA - - - - - ucCL
dermal 2E-08 3E-04 NA - - - - - ucL
inhalation of outdoor air 1E-08 1E-02 NA - - - - - ucL
Soil Total 3E-07 - 6E-02 -
Exposure to Groundwater / VVolatiles in Groundwater
incidental ingestion 2E-08 NA 4E-03 NA - - - - - ucCL
dermal exposure in a trench 3E-07 NA 8E-02 NA - -- -- - - ucCL
Benzene 1E+00 - - 1E+01 - ucCL
inhalation of trench air 3E-05 9E+00 Naphthalene 1E-01 -- - E+00 - ucCL
1,3,5-Trimethylbenzene 1E-01 - - 9E-01 - ucCL
Benzene(73%), Naphthalene (52%),
Naphthalene (24%) Benzene (26%),
see Inhalation of trench 1,3,5-Trimethylbenzene (15%)
Groundwater Total 3E-05 air 9E+00 see Inhalation of trench air
See Groundwater Total &
Grand Total 3E-05 Inhalation of Trench Air 9E+00 See Groundwater Total
Onsite Visitor (Chronic Exposure)
Exposure to Volatiles in Soil Gas
inhalation of indoor air 1E-08 2E-04 - - - - - - UCL
Soil Gas Total 1E-08 2E-04 -
Grand Total 1E-08 - 2E-04 NA
OFFSITE RECEPTORS
Offsite Adult Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 4E-08 1E-03 - - - - - - UcCL
Soil Total 4E-08 - 1E-03 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 5E-01 - - - - - - UCL
Groundwater Total 0E+00 - 5E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce OE+00 3E-03 - - - - - - UCL
Produce Total 0E+00 - 3E-03 -
Exposure to Surface Water [b]
oral 0E+00 2E-04 - - - - - - MAX
Surface Water Total 0E+00 - 2E-04 -
Grand Total 4E-08 - 5E-01 NA
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Table 4-7

Human Health Risk Summary for Onsite Receptors and Offsite Receptors in Exposure Unit 1 - UCL COPC Concentrations

Human Health Risk Assessment - ARCADIS Scenario
Flint Hills North Pole Refinery

North Pole, Alaska

Cumulative Risk and Hazard Based on UCL COPC Concentration [a] Contributing EPC of Contributing COPC
ARCADIS Scenario COoPC
Indoor / Trench
Groundwater Soil Soil Gas Air Produce
Potential Site Receptors ELCR Contributing COPC HI Contributing COPC (mg/L) (mgl/kg) (mg/m®) (mg/m®) (mg/kg ww) | EPC Type
Offsite Child Resident (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 1E-03 - - - - - - ucL
Soil Total 9E-09 - 1E-03 -
Exposure to Groundwater / VVolatiles in Groundwater
oral OE+00 1E+00 - - - - - - ucL
Groundwater Total 0E+00 - 1E+00 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-02 ucCL
Produce Total OE+00 1E-02 - - - - - - -
Exposure to Surface Water [b]
oral OE+00 2E-03 - - - - - - MAX
Surface Water Total 0E+00 - 2E-03 -
Grand Total 9E-09 - 1E+00 NA
Offsite Child Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 9E-09 TE-04 - - - - - - ucL
Soil Total 9E-09 - 7E-04 -
Exposure to Groundwater / Volatiles in Groundwater
oral 0E+00 1E-01 - - - - - - ucCL
Groundwater Total 0E+00 - 1E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-03 - - - - - - ucCL
Produce Total 0E+00 1E-03 -
Exposure to Surface Water [b]
oral 0E+00 2E-04 - - - - - - MAX
Surface Water Total 0E+00 - 2E-04 -
Grand Total 9E-09 - 1E-01 NA
Offsite Infant Resident (Subchronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 1E-09 TE-04 - - - - - - ucL
Soil Total 1E-09 - TE-04 -
Exposure to Groundwater / VVolatiles in Groundwater
oral OE+00 3E-01 - - - - - - ucL
Groundwater Total 0E+00 - 3E-01 -
Exposure Via Intake of Food
ingestion of homegrown produce 0E+00 1E-03 - - - - - - ucCL
Produce Total 0E+00 - 1E-03 -
Grand Total 1E-09 - 3E-01 NA
Offsite Commercial/Industrial Indoor Worker (Chronic Exposure)
Exposure to Groundwater / Volatiles in Groundwater
oral OE+00 3E-01 - - - - - - ucL
Groundwater Total 0E+00 - 3E-01 -
Grand Total 0E+00 - 3E-01 NA
Offsite Commercial/Industrial Outdoor Worker (Chronic Exposure)
Exposure to Surface Soil (0 to 2 ft bgs)
inhalation of outdoor air 2E-08 6E-04 - - - - - - ucL
Soil Total 2E-08 - 6E-04 -
Exposure to Groundwater / VVolatiles in Groundwater
oral OE+00 3E-01 - - - - - - ucL
Groundwater Total 0E+00 - 3E-01 -
Grand Total 2E-08 - 3E-01 NA
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Table 4-7

Human Health Risk Summary for Onsite Receptors and Offsite Receptors in Exposure Unit 1 - UCL COPC Concentrations

Human Health Risk Assessment - ARCADIS Scenario

Flint Hills North Pole Refinery
North Pole, Alaska

Cumulative Risk and Hazard Esti Based on UCL COPC Concentration [a] Contributing EPC of Contribut