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SITE CHARACTERIZATION AND CORRECTIVE ACTION PLAN
WILLIAMS ALASKA PETROLEUM, INC,,
NORTH POLE REFINERY

1.0 INTRODUCTION

Williams Alaska Petroleum, Inc., operates a petroleum refinery near North Pole, Alaska
(formerly operated by MAPCO Alaska Petroleum, Inc.), that receives crude oil from the Trans-
Alaska Pipeline system and produces a variety of petroleum distillate products. The refinery
occupies about 80 acres of an approximately 240-acre site in Section 16, Township 2 South,
Range 2 East, Fairbanks Meridian. The site is leased from the State of Alaska.

This report presents information regarding our understanding of subsurface hydrology and
geology at the refinery, historical contaminant concentrations, and preventive measures in place
to minimize soil and groundwater contamination. We also provide the most recent available
information about the types of soil and groundwater contamination present, the estimated extent
of the groundwater benzene plume, trends in benzene concentration at various refinery locations,
the current extent of the subsurface NAPL, and amounts of product recovered from the
subsurface. This report includes a conceptual site model illustrating the contaminant extent, as
well as a contaminant pathway analysis to assess the potential risk of exposure to contaminants
attributable to refinery operations.

Finally, we present a Corrective Action Plan and long-term monitoring schedule in Section 7.0,
which details the types and frequency of measurements to be made at various locations around
the refinery. We include a current list of all monitoring, observation, and recovery wells at the
facility, as well as a description of their functions at the refinery. A listing of previous site
characterization and remediation activities at the refinery through 1999 is provided in the
appendix to this report.

1.1 Background

Williams has reported, and the Alaska Department of Environmental Conservation (ADEC) has
documented, a variety of oil spills attributable to operations at the refinery. These spills have
resulted in light non-aqueous phase liquid (NAPL) floating on the water table, hydrocarbons
sorbed to the soil under the facility, and an associated dissolved hydrocarbon plume. Since 1986,
the refinery has been operating under an ADEC-issued Compliance Order by Consent (COBC)
that required (among other things): reactivation of existing, and installation of additional,
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collection wells as needed to recover free NAPL; installation of twenty monitoring wells around
the perimeter of the facility to monitor migration of NAPL and the dissolved hydrocarbon plume;
monthly sampling of all on-site drinking water wells; and expansion/modification of the on-site
wastewater holding pond (Lagoon B). Monthly sampling of on-site drinking water wells is no
longer performed, as the refinery is now supplied with North Pole municipal drinking water.
Since 1995, ADEC oversight at the refinery has focused on recovery of NAPL, treatment of
water produced by recovery operations prior to re-injection, and monitoring of NAPL and
groundwater plumes.

In 1989, the United States Environmental Protection Agency (EPA) issued the refinery
Administrative Orders on Consent, requiring completion of a RCRA Facility Assessment (RFA),
performance of an Interim Measures program (to remove hazardous waste from Lagoon B, Tank
192, and Sumps 901, 905, 909-B, and 05-7), completion of a RCRA Facility Investigation (RFI),
and completion of a Corrective Measures Study (CMS).

The EPA has determined the Williams Refinery has obtained clean closure on the units subject to

the consent orders, and now needs to develop a fa@;ﬂg&g@q@&mgsme&plan. The
overall plan is to consist of a site characterization review, development of intermediate- and
long-term corrective action plans, and institutionalization of the corrective action plan by a new
COBC. Site characterization review entails defining the nature and extent of existing soil and
groundwater contamination by NAPL and dissolved hydrocarbons, as well as defining the nature
and extent of any changes in hydrogeology at the site.

In our December 2000 report (Draft Site Characterization and Corrective Action Plan, Williams
Alaska Petroleum, Inc., North Pole, Alaska), we reviewed contaminant data available from
previous investigations at the facility to characterize current conditions and assess changes in
contamination and hydrogeology at the site. Various reports written in response to the EPA
Consent Orders (e.g., RFA Report, September 1988; Description of Current Conditions, April
1989; RFI Report, October 1, 1990) described subsurface geology and hydrology as well as the
nature and extent of contamination at the site up to 1990. In the course of reviewing the
historical site data, Shannon & Wilson identified a number of analytes in groundwater and soils
that had been present at concentrations greater than the established cleanup levels as of the latest
sampling events. We designated those analytes present at the refinery above applicable
groundwater or soil cleanup levels as “contaminants of interest” (COIs). However, many of the
analytes had been detected in samples collected more than 10 years ago, and we did not consider
those data sufficient to characterize the current nature and extent of contamination at the site.
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In addition to reviewing the refinery’s historical contaminant data for the December 2000 report,
we also completed an inventory of the wells present at the refinery. With an accurate list of the
refinery’s wells in hand, we assessed their value for tracking groundwater contamination, NAPL
presence, variations in seasonal groundwater table and gradient, and groundwater geochemistry
for hydrocarbon natural attenuation potential. Based on the historical contaminant data review
and the evaluation of the refinery’s wells, we recommended a long-term sampling program for
dissolved hydrocarbons and NAPL, and interim measures to fill data gaps in our knowledge
about the type and distribution of environmental contaminants at the refinery. These
recommendations were presented in a brief letter report to Williams (Monitoring Program,
Williams Alaska Petroleum, Inc., North Pole Refinery), dated April 20, 2001. Other
recommendations in that report included:

o surveying the refinery’s major features and well locations to update the base map of
the facility,

e obtaining elevation data for several wells for determining future variations in
groundwater direction and gradient,

e measurement of groundwater geochemistry to assess the contribution of naturally
occurring microbial populations to hydrocarbon attenuation at and downgradient from

the refinery,

e abandonment of old wells no longer useful or able to perform their original function,

repair of a few frost-jacked monitoring wells, and
e cleaning and periodic assessment of recovery well productivity.

The report was reviewed and the monitoring program and interim measures approved by ADEC
in early May 2001.

During the summer of 2001, Shannon & Wilson obtained additional soil and groundwater
samples to fill data gaps regarding COls currently at the refinery. The effort was designed to
discover as wide a variety of groundwater and soil contaminants present at the refinery as
possible. We therefore chose to generally sample areas at the refinery most likely to be
contaminated. Soil borings and new groundwater monitoring wells were placed to both delineate
the extent of subsurface hydrocarbon contamination and provide adequate contaminant detection
coverage along the northwest edge of the known groundwater benzene plume. We also collected
samples from areas anticipated to be free of contamination to assess potential background

concentrations of naturally occurring metals, as well as establish the absence of contamination at
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these locations. Based on the results of the summer 2001 study, the list of COIs was refined;
several potential COlIs identified in the 2000 Draft Site Characterization and Corrective Action
Plan were eliminated from the list of contaminants currently present. The locations of the new
wells and soil borings, and results of the sampling exercise are presented in an October 2001
Shannon & Wilson report (Contaminant Characterization Study, Williams North Pole Refinery,
North Pole, Alaska). Some of the results tabulated in that report are also presented in this report,
as they represent the most up-to-date information available.

A number of monitoring and observation wells were identified in the April 2001 report as being
superfluous and were recommended for removal. This also was done during the summer of
2001. The monitoring, observation, and recovery wells that remained at the end of the summer
2001 season were designated for periodic measurements of dissolved hydrocarbons, depths to
groundwater, NAPL presence and/or product thickness in the well, and natural attenuation
geochemistry.

The depths to groundwater have been measured twice since the April 2001 report, and these data
were used to determine recent variations in groundwater direction and gradient reported here.
NAPL presence/absence data have been collected twice, as well, and were used to determine the
current extent of subsurface NAPL at the facility. Groundwater geochemical parameters relevant
to hydrocarbon natural attenuation have been measured three times.
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2.0 PREVENTIVE MEASURES

The Williams North Pole Refinery has taken several measures to minimize the potential for
contaminant release to soils and groundwater at the facility, as well as prevent subsurface off-site
contaminant migration.

An environmental technician is responsible for checking equipment five days a week and seeing
that water and product pumps are fully functional at all active recovery wells; this technician also
records the amount of product recovered in the previous 24 hours. Depth to groundwater is
checked in several observation wells semiannually (April and October) to determine the
groundwater gradient and direction at the facility. Several observation wells are checked
quarterly to delineate the extent of subsurface NAPL, and groundwater product recovery has
been ongoing 365 days a year since 1989. The groundwater collected is treated by air strippers
prior to release for recharging the local aquifer; the strippers are checked daily for proper
operation, and the volume of water treated in the previous 24 hours is recorded. Stripper effluent
is discharged to gravel pits on the site, and monitoring wells downgradient from these discharge
locations are sampled monthly for water quality. A monthly status report describing these
activities is provided to ADEC.

Groundwater monitoring wells are distributed in an array around the facility, downgradient of the
known areas of dissolved hydrocarbon contamination. They are sampled at a frequency sufficient
to detect potential migration of dissolved hydrocarbons. Monitoring wells are sampled at least
annually, though many wells are sampled monthly, quarterly, or semiannually; the schedule is
designed to be flexible, so the sampling frequency may be adjusted in response to new releases
and deteriorating or improving groundwater quality. Details about the groundwater monitoring
sampling frequency are provided in Section 7 (Corrective Action Plan).

2.1 Oil Discharge Prevention and Contingency Plan

Williams has an oil spill prevention and contingency plan designed to decrease the probability of
product release and minimize the impact to the environment should one occur. The prevention
program includes spill prevention training and periodic refresher courses for all refinery
personnel involved in operations that could lead to a spill or are in positions to prevent spills.
Substance abuse and medical examination programs are in place to ensure the safety of all
refinery employees and prevent spill situations caused by mentally or physically impaired
refinery workers. Regular tours of the refinery grounds are made every two hours by a number
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of personnel; because of this surveillance, anything unusual is attended to quickly and
effectively. The facility is well-lighted with permanent lighting throughout the refinery, and
temporary lighting is available if needed for spill response activities.

Product transfer procedures have been examined to minimize the possibility of spillage during
these activities. Wherever possible, hard-piped product transfers are made to avoid manual pipe
connections of potentially greater risk. Where manual connections are performed (i.e., truck,
asphalt, and railcar loading facilities), emergency shut-off buttons are readily accessed by
personnel at that location, and systems are in place to prevent product transfers until all proper
loading conditions are met.

Details regarding tank and pipe protection and detection of leaks are contained in the Williams
Refinery Oil Discharge Prevention and Contingency Plan. Oil storage tanks are constructed on
compacted gravel foundations within lined dike containment areas and are inspected and tested
periodically. The dikes are checked daily for the presence of oil and debris, and more detailed
and thorough inspections are performed annually. The railcar loading rack has secondary
containment within the railbeds, consisting of fiberglass catchment basins that fit between the
rails, and drain to a sump and then to the wastewater system. The truck and asphalt loading areas
are fully paved, and designed to allow any spills to drain into a sump and the wastewater system.
Briefly, pipe protection includes siting most piping abovegrade with appropriate hardware to
mitigate the effects of thermal expansion and contraction, fire proofing, and periodic inspection
and maintenance. Underground piping is limited to road crossings where access would be
restricted by overhead racks, and a 1,400-foot line connecting the refinery and the military
pipeline. All underground road crossings have been provided with cathodic protection.

2.2 Additional Measures

In addition to the preventive measures discussed above, Williams has recently initiated two new
programs designed to further reduce the likelihood of petroleum releases. The first is the internal
reporting of all “near misses™ at the facility. Employees are encouraged to report to refinery
management officially nonreportable events (i.e., potential safety problems, close calls
potentially leading to property damage, small spills below reporting thresholds, etc.) with the
understanding that they will not be reprimanded. This allows the refinery’s management to
identify early those potential problem areas that may ultimately lead to real problems, and learn
the lessons necessary to keep large problems from developing. The other program recently
introduced at the facility is “root cause analysis,” which is a systematic analysis of the causes of
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spills at the refinery. These causes may include personnel factors, infrastructure issues, process
parameters, and other causes of spills not otherwise evident in proximity to the spill event.
Through evaluation of near misses and the root causes of spills, the refinery is continually
striving to reduce the number and volume of hydrocarbon releases at the facility.
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3.0 SUBSURFACE CONDITIONS

3.1  Geology and Soils

As noted in the 1989 Description of Current Conditions report, the refinery is located on the
floodplain of the Tanana River. Subsurface investigations were performed prior to construction
of the refinery in 1975 and 1976, to prepare for additions to the refinery in 1981 and 1982, and at
several times since 1987 during installation of monitoring wells and collection of soil samples
from soil borings. The data indicate the site originally contained 1 to 6 feet of surficial silty
soils, generally underlain by sands and gravels to a considerable depth. The thickness of alluvial
sediments overlying bedrock in the area of the site is not known but is estimated to be as great as
400 to 500 feet. The granular deposits can exhibit substantial lateral variability, likely the result
of old river channels filled with materials of different grain size. In areas not cleared for refinery
construction, the alluvial soils are overlain by up to 2 feet of peaty, organic topsoil. Where major
structures at the refinery were placed, the silty surface soils were removed and replaced with a
compacted backfill of sandy gravel or gravelly sand. Aerial photographs taken prior to refinery
construction show a prominent slough with a meander loop underlying the truck loading area at
the north end of the refinery. Deep silt deposits were encountered during excavation for
construction of the truck loading rack.

Permafrost was encountered at two locations during the original subsurface investigations for the
refinery; one of these areas was to the southeast of the truck loading rack (frozen to a depth of 19
feet), and the other was to the west of Lagoon B. Subsequently, permafrost also was
encountered to a depth of 15 feet during construction of the truck loading rack. The northwest,
generally undeveloped, portion of the refinery is covered by an insulative layer of organic soils
and black spruce forest. Borings drilled in April 1987, during installation of monitoring wells
MW-102 (northwest of the truck loading area) and MW-104 (directly north of the facility),
demonstrated the existence of permafrost north of the refinery. The boring at MW-102 found
frozen soils from the ground surface to 52.5 feet deep, and MW-104 exhibited frozen soils from
9t0 57.5 feet below grade. A boring for MW-120, made three years later (1990) about 100 feet
north of MW-104, encountered frozen soils from 21 to 42 feet deep. This suggests either a rapid
thinning of the permafrost within a short distance from MW-104 or natural ablation of the
permafrost due to soil warming or other factors.

On May 19, 2000, two borings were drilled approximately 5 and 30 feet south of monitoring well
MW-104 to assess permafrost presence in the area. The year 2000 borings were drilled to a
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depth of 20 feet without encountering permanently frozen soils, though some seasonally-frozen
soils were found. The area adjacent to the road on which the monitoring wells are located has
been cleared and filled. It is possible that some permafrost thinning or loss has occurred in the
area as a result of fill placement. Without extensive permafrost explorations at the refinery and
in the region around the refinery, it is difficult to attribute a direct cause to the apparent decrease
in permafrost thickness or extent.

3.2 Hydrology

Hydrologic studies were performed at the refinery in 1982 by Duane Miller, and in 1987, 1998,
and 1999 by Shannon & Wilson, Inc. In addition, several wells at the refinery were re-surveyed
during the summer of 2001, and a semiannual schedule (April and October) of determining the
water table elevation at a number of locations was initiated. Two scheduled sets of
measurements at these wells have been made, and groundwater gradients determined from them.
The recent measurements indicate the refinery’s groundwater gradient (i) is about 5.5 feet per
mile (i.e., i=0.001 feet per foot), with a generally northwesterly flow, though small-scale
variations due to subsurface heterogeneity at the facility likely exist. The wells used to assess
groundwater flow are shown in Figure 1, along with the flow directions determined in October
2001 and April 2002.

The 1987 study estimated the hydraulic conductivity of the sand and gravel strata at the site
ranges from 14 feet per day (based on laboratory tests) to between 100 and 1,000 feet per day
(based on field tests). Laboratory hydraulic conductivity data for silt samples exhibited a range
0f 0.0027 to 0.037 foot per day. Thus, silt strata may represent relatively impermeable barriers
when present.

Data from the hydrology studies at the refinery were used to estimate the groundwater velocity in
the subsurface at the site. Disregarding subsurface anomalies such as permafrost, areas of high-
density silt, and small-scale variations in gradient, the linear seepage velocity (vx = Ki/n) at the
refinery was calculated using an average hydraulic conductivity (K) of 400 feet per day, the
measured gradient (i) of 0.001 foot per foot, and an estimated effective porosity (n.) of 0.3.
These values yield an estimated groundwater velocity (v4) of about 1.3 feet per day.

Based on this estimated average seepage velocity and the continual presence of subsurface
petroleum contamination under the refinery for the last several years, one would predict that
petroleum hydrocarbons should be evident in groundwater samples collected north of the
refinery (e.g., MW-102 and MW-131, about 400 to 500 feet downgradient of the truck loading
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area). In fact, no contamination has been detected in MW-102 (screen depth 61.5 to 71.5 feet
bgs) since 1990, or in MW-131 (screen depth 20 to 24.5 feet bgs) since its installation in July
1998.
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4.0 CURRENT SITE CONTAMINANT DATA
4.1 Evaluation of Contaminants of Interest

Pursuant to consent agreements between the refinery and the EPA, a variety of analyses were
performed to detect and characterize contaminants at the refinery through 1990. Soil and water
samples from borings and monitoring wells installed for the RFI, were subjected to analyses for
total petroleum hydrocarbons, metals, and volatile organic compounds (VOCs), including
chlorinated solvents. Several énalytes were detected in some of the sampling events prior to
1990, though most were either not detectable or below the 1990 closure criteria when the main
sampling effort was completed in August 1990.

Groundwater samples have been collected frequently since 1990, and monitoring wells at the
facility are routinely sampled on at least an annual basis for analysis of benzene, toluene,
ethylbenzene, and xylenes (BTEX). A list of all currently existing groundwater monitoring wells
at the facility, the highest groundwater concentrations of benzene observed at these locations,
and the latest BTEX concentrations observed (either Autumn 2001 or Spring 2002) is presented
in Table 1. Samples also have been collected for analysis of polynuclear aromatic hydrocarbons
(PAH) since mid-2000 from the influent to the groundwater treatment air strippers at the
refinery. The PAHs naphthalene, phenanthrene and fluorene have been observed in these
samples at concentrations well below their respective groundwater cleanup levels; the April 2002
samples contained a maximum naphthalene concentration of 8.7 png/l, and phenanthrene and
fluorene were not detected.

As noted in the Introduction, to provide a more up-to-date evaluation of conditions at the refinery
Shannon & Wilson undertook a Contaminant Characterization Study during 2001. Groundwater
samples were obtained from twelve of the previously existing monitoring wells and from four
wells installed for the Study. Water samples were analyzed for gasoline range organic
compounds (GRO; Alaska Method AK 101) or GRO plus BTEX (combination Alaska Method
AK101/EPA Method 8021), as well as diesel range organics (DRO; Alaska Method AK 102) and
residual range organics (RRO; Alaska Method AK 103). Samples from a number of the wells
also were analyzed for the metals antimony, arsenic, barium, cadmium, chromium, lead,
mercury, selenium, and silver (EPA Method 6000/7000 series). Groundwater samples from
wells anticipated to be contaminated with hydrocarbons were analyzed for VOCs (EPA Method
8260) and semivolatile organics (SVOCs; EPA Method 8270) in addition to the whole fuels
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analyses. The concentrations of metals and hydrocarbons detected in groundwater samples
collected for the Study are presented in Table 2.

Eight soil borings were drilled as part of the 2001 Contaminant Characterization Study, which
yielded samples for analysis of GRO or GRO plus BTEX. Soil samples also were analyzed for
DRO, RRO, and the same metals analyzed in the groundwater samples (see above). In addition
to these analyses, VOCs and SVOCs were determined in soil samples considered to be
hydrocarbon-contaminated based on photoionization detector (PID) field-screening results. The
concentrations of metals and hydrocarbons detected in these soil samples, and the locations
where they were collected, are presented in Table 3. Details relating to sampling and analysis,
and the laboratory analytical reports for the Study, are presented in the Shannon & Wilson report
Contaminant Characterization Study, Williams North Pole Refinery, North Pole, Alaska, dated
October 2001.

To evaluate the presence of contaminants of potential interest at the site in the context of the
State of Alaska’s regulations (Tables B1 and B2 in 18 AAC 75.341 migration to groundwater
cleanup levels for soils, and Table C in 18 AAC 75.345 cleanup levels for groundwater), the
most recent groundwater data and the results from the Contaminant Characterization Study were
examined. Analytes detected during these sampling efforts at concentrations greater than the
established soil or groundwater cleanup levels (maximum contaminant level, or MCL) are
designated “contaminants of interest” (COIs). Based on this determination, COIs can then be
evaluated for their potential to migrate from the site, or pose a threat to human health or the
environment. This is addressed in Section 7.

4.2 Groundwater Contaminants of Interest

Based on an examination of current groundwater sampling data (Table 1) and the results from
the recent 2001 Contaminant Characterization Study (Table 2), four analytes qualify as
groundwater COIs (tabulated below).
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Groundwater Contaminants of Interest

Analyte Sample Sample Date Concentration (ng/l) MCL
(MCL in pg/l) Location

Benzene Several April 2002 Maximum 11,000 @MW-116 5 pg/l

Toluene Several April 2002 Maximum 3,200 @MW-135 1000 pg/l

1,2,4-trimethylbenzene MW-115, May 2001 Maximum 621 @MW-116 70 pg/l
MW-116

Arsenic MW-110, May 2001 Maximum 68.5 @MW-116 50 ug/l
MW-116

Arsenic was the only metal found to exceed its groundwater MCL (50 pg/l); this was in samples
from MW-110 (55.1 pg/l) and MW-116 (68.5 pg/l). As noted in our October 2001 report
(Contaminant Characterization Study, Williams North Pole Refinery, North Pole, Alaska), a
study performed by the Alaska District U.S. Army Corps of Engineers (Background Data
Analysis for Arsenic, Barium, Cadmium, Chromium, & Lead on Fort Wainwright, Alaska, March
1994) assessed the distribution of naturally occurring metals in Fairbanks area soils and
groundwater. They computed mean metals concentrations and their 95 percent upper confidence
limits (UCLSs) for area groundwater, and recommended that area groundwater action levels be set
for background values of a metal’s 95 percent UCL plus one standard deviation. For arsenic this
value was 72.24 pg/l, which is above the maximum measured concentration of arsenic.

As seen in the preceding table, of the organic analytes assayed in water samples, benzene,
toluene, and 1,2,4-trimethylbenzene are the only ones characterized as exceeding MCLs. A
number of other organic compounds also were found, but at concentrations less than their
respective MCLs (Table 2).

4.3 Soil Contaminants of Interest

Following a review of data available from the soil analyses performed for Shannon & Wilson’s
2001 Contaminant Characterization Study, similar to that performed above for the groundwater
data, organic and inorganic analytes were classified as COls if their concentrations exceeded the
Alaska soil cleanup regulations listed in 18 AAC 75.341, Tables B1 and B2. The data were
compared to the soil cleanup levels for the migration to groundwater contaminant pathway for
the less than 40 inches of annual precipitation zone. The following table identifies the analytes
exceeding the cleanup thresholds in soils at the refinery as of the most recent sampling for which
data are available (spring and summer 2001).
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Soil Contaminants of Interest

Analyte Migration to Groundwater Sample Location Concentration
Cleanup Standard (mg/Kg)
Benzene 0.02 mg/Kg MWI135 82.0
MW139 0.0587
Boring B1¢" 1.61
Boring B2‘" 0.0719
} Boring B4'" 3.08
Toluene 5.4 mg/Kg MW135 398
Ethylbenzene 5.5 mg/Kg MW135 96.0
Boring B1" 49.1
Boring B4‘" 5.58
Xylenes (total) 78 mg/Kg (total xylenes) MWI135 482
Boring B1t" 289.7
1,3,5- 25 mg/Kg MW135 43.5
trimethylbenzene Boring B1" 38.3
1,2,4- 95 mg/Kg MWI135 115
trimethylbenzene Boring B1®" 115
Naphthalene 43 mg/Kg Boring B1" 53.7
2-Methyl- 95 mg/Kg Boring B1'” 80.8
naphthalene
Arsenic 2.0 mg/Kg MW135 4.10
MW139 4.86
MW140 2.66
Boring B1‘" 241
Boring B2" 2.63
Boring B3" 5.42
Boring B4(" 3.88

() See Shannon & Wilson’s Contaminant Characterization Study, Williams North Pole Refinery, North Pole,

Alaska, dated October 2001 for a site map showing boring locations for the study. Boring locations are described in
Table 3 in this report.

As with the groundwater data, the only inorganic analyte found to exceed the soil cleanup level
was arsenic. As reported in our 2001 Contaminant Characterization Study, the value
recommended by the Alaska District U.S. Army Corps of Engineers (Background Data Analysis
Jor Arsenic, Barium, Cadmium, Chromium, & Lead on Fort Wainwright, Alaska, March 1994) as
a background concentration for arsenic in area soils is 14.46 mg/kg, more than twice the
maximum value observed at the site.

Several organic analytes were detected in the 2001 soil samples (Table 3), and eight of these
were found to exceed soil cleanup levels. The analytes considered COIs include the BTEX
compounds, as well as 1,3,5-trimethylbenzene, 1,2,4-trimethylbenzene, naphthalene, and 2-
methyl-naphthalene.
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5.0 CURRENT GROUNDWATER QUALITY
5.1 Spatial Distribution of Groundwater Contamination

A review of recent groundwater quality data (through April 2002) indicates water quality
downgradient of the refinery and well inside the property boundary does not currently exceed
groundwater cleanup levels for BTEX. Concentrations of dissolved BTEX determined in
monitoring wells at various locations around the facility (Table 1) suggest that aqueous
subsurface contamination is concentrated in the southern, upgradient portion of the facility (i.e.,
area of Lagoon B, and Crude Units #1 and #2), as well as the northern area in the vicinity of the
truck loading rack. In all cases, the latest benzene concentrations measured in monitoring wells
are substantially below the peak values seen historically at each location (Table 1). Using these
data, the areal distribution of benzene in groundwater was examined, and the 5 pg/l benzene
concentration isopleth was estimated for the downgradient extent of the contaminant plume
shown in Figure 2. This figure also shows the locations of the refinery monitoring wells (MWs)
and the most recent groundwater benzene concentration data available for each location.

5.2  Water Quality Trends by Location

Benzene data also were plotted to evaluate groundwater quality trends for these locations
(Figures 3 to 12). Note that the vertical scales vary to accommodate differing levels of
contaminant, and the time scales for all plots begin in April 1987 irrespective of the well
installation date. The plots indicate benzene concentrations have varied substantially over time
at these locations. These variations may be attributable to a number of factors, including
fluctuating groundwater elevations, variations in sampling and laboratory error over time, and
discrete product spill events.

Trends in groundwater contamination vary according to location at the refinery. Data from
monitoring wells located at the extreme south end of the facility (MW-105 and MW-105A;
Figure 3) are upgradient from potential hydrocarbon source areas at the Williams refinery, and
have been generally free of benzene contamination for the last five years. Benzene concentration
data obtained from wells immediately downgradient from the Crude Unit #1 and Crude Unit #2
oil refining units (MW-115 and MW-116; Figure 4) and west of this area (MW-110; Figure 5)
indicate benzene concentrations exceed drinking water standards, generally with no clear trend;
an exception is the apparent increase and decrease in benzene in the last four years at MW-110,
north of Lagoon B. This appears to correspond with a short-term increase in benzene seen at
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MW-109 (Figure 5), west of Lagoon B (Figure 2); benzene was not detected in the MW-109
groundwater sample collected in April 2002.

Wells west of the rail loading area (MW-106, MW-111, MW-113; Figure 6) show benzene
concentrations well below historic peaks; they are currently below the benzene MCL and are
exhibiting stable trends with time. Wells farther to the west (MW-101 and MW-101A; Figure 7)
do not contain detectable concentrations of BTEX, and samples from these wells have contained
no detectable contamination since 1994. The newly installed MW-141 monitors wastewater
discharged to surface waters from the stripper effluent and has been sampled twice; no BTEX
compounds were detected.

Some of the monitoring wells in the northwestern area represent “sentry” wells, useful for
assessing groundwater contaminant migration downgradient of the refinery. Given the apparent
groundwater flow direction generally to the north-northwest (Figure 1), the wells likely most
important for the sentry function are MW-127, MW-139, and MW-142 (Figure 8) immediately
northwest of the truck loading area (Figure 2), and wells MW-140, MW-131, and MW-102
(Figure 9) north of this area (Figure 2). Benzene concentrations had been seen to be increasing
at MW-127 since 1997 (Figure 8), which led Williams to evaluate the effectiveness of their
active recovery wells upgradient from this location. Shannon & Wilson subsequently treated a
recovery well southeast of MW-127 (well R-40) in early September 2000; benzene reached a
peak at this location in May 2001 and has been decreasing steadily since September 2001 (Figure
8). A new monitoring well (MW-139; Figure 2) installed in July 2001 in conjunction with the
Contaminant Characterization Study also has been decreasing in benzene concentration since
October 2001 (Figure 8). MW-142 (Figure 8), MW-140, MW-131, and MW 102 (Figure 9) have
not recently yielded groundwater samples containing measurable benzene.

Three wells monitor groundwater quality north of the truck loading area. These wells are MW-
104, MW-118, and MW-126 (Figure 2). The benzene concentration trends at these locations
have been stable for years, with benzene not detectable above laboratory practical quantitation
limits (Figure 10).

There are several wells monitoring groundwater quality in the truck loading rack area (Figure 2).
These include wells that have been present for at least five (MW-129, installed October 1996) or
ten years (MW-124 and MW-125, installed June 1990), as well as three wells installed during the
2001 Contaminant Characterization Study (MW-135, MW-136, and MW-137, installed March
2001). Benzene concentration trends at each of these wells are presented in the plots shown in
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Figure 11. As can be seen in these plots, groundwater benzene concentrations in the area have
fluctuated substantially over time (e.g., see MW-125). In addition, there appears to have been an
event leading to recent increases in dissolved benzene at MW-124, MW-129, MW-135, MW-
136, and MW-137, with most of these wells exhibiting peak benzene concentrations in October
2001 (Figure 11). This may indicate a recent release of product in the area of Tanks 616 — 619
(Figure 2), or may reflect fluctuations in groundwater elevation resulting in increases in
dissolved hydrocarbons as groundwater contacts nearby residual NAPL present in a “smear

zone” (see Section 5.3).

The wells along the eastern portion of the refinery (MW-132, MW-133, MW-134; Figure 2)
yielded groundwater samples free of detectable BTEX during the most recent sampling events
(October 2001 or April 2002; Table 1). With one exception (March 2000 at MW-132), when
benzene has been detected at these wells, it has been below the groundwater MCL (Figure 12).

The presence of NAPL, either as free-phase product or residue sorbed to the aquifer matrix (see
Section 5.3), represents a potential ongoing source of dissolved phase hydrocarbons. However,
based on the observed trends in groundwater contamination in the area near and north of the
truck loading rack, it appears that active recovery of free NAPL, coupled with active pumping of
groundwater and treatment by air strippers, is proving successful in curtailing off-site dissolved
contaminant migration.

5.3 Product Thickness Data and Extent of NAPL

NAPL thickness data collected since 1993 at the refinery facility from observation and some
recovery wells were compiled and evaluated for potential spatial and temporal trends. This
evaluation indicated random variations in NAPL thickness occurred over time at the refinery,
and no trend was discernable (data not shown). Thus NAPL thickness, as observed in recovery
and observation wells, has proved to be a poor predictor of variations in subsurface NAPL areal
extent at the refinery over time. While attempts are often made to relate product thickness
measured in wells with that in the surrounding formation, there generally has been no
demonstrated correlation between NAPL observed in wells and the actual amount in the
subsurface matrix. Thus the utility of NAPL thickness data appears to be limited to assessments
of free product presence/absence and whether the product is sufficiently mobile to be recoverable
(e.g., based on results of bail-down tests). As noted in the Introduction, Shannon & Wilson
suggested in April 2001 (Monitoring Program, Williams Alaska Petroleum, Inc., North Pole
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Refinery) that Williams pursue a long-term sampling program for NAPL presence at several
observation and recovery wells.

We have used the latest observation data to assess the current extent of NAPL at the facility.
Based on any NAPL presence in 2001 and 2002, we have attempted to delineate the current
subsurface extent of NAPL at the refinery (Figure 13). Comparing the apparent current area of
subsurface NAPL to the estimate generated for the 1989 Description of Current Conditions
report (Figure 14), the extent of NAPL does not appear to have increased since the last
assessment was performed. The northern extent of NAPL appears to be roughly equivalent to
that observed in 1989, while the southernmost (i.e., near Crude Unit #1) and eastern extents have
apparently diminished. As seasonal groundwater table fluctuations occur at this facility, the
current areal extent of NAPL likely also approximates an area that could be characterized as a
“smear zone.” In other words, free product floating on groundwater will have sorbed to the
subsurface matrix, leading to soil contamination above the water table as water levels fall. The
inferred distribution of both dissolved hydrocarbons and NAPL is graphically described in a
conceptual site model (Section 6.0).

5.4 Product Recovery Data

Data were compiled to assess trends in NAPL recovery from the subsurface. Volumes of
product recovered from each recovery well (and, in some cases, observation wells) were sorted
according to the area at the facility where the recovery occurred, and plotted for the period from
January 1990 through March 2002 (Figures 15 to 20). Despite substantial variations in amounts
recovered over time, it is apparent from the plots that there is a generally decreasing trend in the
volume of product recovered at most areas in the facility; the variations observed (e.g.,
occasional spikes in volume recovered) may be due to new recovery wells coming on line and
are not necessarily associated with product releases. This provides evidence that operations at
the facility (e.g., preventive measures, rapid response to releases, and improved recovery
efficiency) have generally been successful in curtailing the frequency and/or volume of material
released over time. It also suggests that much of the NAPL at the facility may be present as-a
residual phase sorbed to subsurface sands and gravels in a “smear zone” in the range of water
table fluctuation. This NAPL is more difficult to capture in groundwater recovery wells
designed to increase NAPL recovery by creating a groundwater cone of depression.
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5.5 Groundwater Geochemistry and Natural Attenuation Potential

Shannon & Wilson suggested in our April 2001 report, Monitoring Program, Williams Alaska
Petroleum, Inc., North Pole Refinery, that Williams pursue a long-term sampling program that
includes measuring groundwater geochemistry. These measurements allow one to assess the
contribution of naturally occurring microbial populations to hydrocarbon attenuation at and
downgradient from the refinery. The approach involves determining the groundwater
concentrations of oxidants (electron acceptors) that can be used by microbes oxidizing petroleum
compounds in the subsurface. Knowing the abundance of oxidants (oxygen, nitrate, ferric iron,
and sulfate) available in groundwater not contaminated by hydrocarbons allows one to estimate
the “assimilative capacity” of the aquifer for petroleum biodegradation. This represents the
amount of reduced carbon substrate (i.e., hydrocarbon) that microbes can oxidize before
exhausting available oxidant. In addition, comparing oxidant concentrations (or their reduced
by-products) in hydrocarbon-contaminated and contaminant-free areas provides evidence that
microbial hydrocarbon degradation is occurring in situ. These measurements were
recommended to be performed quarterly for one year to assess potential seasonal variations in
geochemistry, after which the frequency would be reduced to a semiannual basis.

Three sampling episodes for the geochemistry measurements have occurred (July and December
2001, and March 2002) thus far. Three types of sampling location were chosen for these
samples: upgradient and uncontaminated wells (MW-105, MW-105A, MW-133, MW-134;
Figure 2); wells known to be contaminated (MW-125 and MW-127; Figure 2); and wells not
contaminated, but downgradient from contamination (MW-131 and MW-102). In theory, the
upgradient wells should provide information on the assimilative capacity of the groundwater for
biodegradation, the contaminated wells should show there is a “demand” for oxidants in situ (i.e.,
a reduction in oxidant concentration compared to background), and the downgradient wells
should also exhibit a deficit in oxidants compared to background. The geochemical data
collected from these wells are presented in Table 4.

The data indicate that the groundwater in the area is generally anoxic, as all the dissolved oxygen
data are in the range of 1 mg/l or lower (i.e., within the error range of the assay). The rest of the
data are difficult to interpret, as there is substantial variation in most analytes among sampling
locations and sampling dates (Table 4). In addition, one “background” location (MW-134; Table
4) appears to have anomalous geochemistry compared both to areawide aquifer values and other
refinery wells; this well had no measurable sulfate, high iron, and the highest alkalinity of all the
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wells. The anomalous data at this location may be attributable to the presence of buried organic
matter or an old slough in the subsurface.

The contaminated wells also exhibit geochemical data difficult to understand. They generally
yielded groundwater with relatively high nitrate, despite the presence of measurable sulfide
(Table 4). Sulfide is produced by reduction of sulfate coupled to bio-oxidation of organic matter,
and should be absent when nitrate is abundant (nitrate reduction is microbially energetically
more favorable and should preclude sulfate reduction). However, the presence of sulfide does
indicate that sulfate reduction (and probably hydrocarbon biodegradation) is actively occurring
in the vicinity of these wells; contaminated well MW-125 had among the highest sulfide
concentrations measured. Other evidence that hydrocarbon biodegradation is occurring in the
subsurface at the refinery is the generally higher alkalinity in contaminated wells compared to
background (disregarding well MW-134). Elevated alkalinities in the context of organic matter
degradation are commonly attributed to consumption of protons during denitrification, iron
reduction, and sulfate reduction processes.

Using nitrate, sulfate, and ferric iron concentration data from three of the four “background”
wells (omitting data from MW-134), one can use the stoichiometry of carbon oxidation by
nitrate, sulfate and iron reduction to estimate the hydrocarbon biodegradation assimilative
capacity of the refinery’s groundwater. Each milligram per liter of nitrate can support oxidation
of 193 ng/l of carbon, 1 mg/l of ferric iron can support oxidation of 43 pg/1 of carbon, and 1 mg/1
of sulfate can support oxidation of 200 pg/1 of carbon. Assuming background concentrations of
1.8 mg/l nitrate, 1.3 mg/I ferric iron, and 35 mg/] sulfate, the assimilative capacity of the
groundwater should be approximately 7.4 mg carbon per liter, equivalent to about 8 mg benzene
per liter. The latest measured concentrations of BTEX carbon (carbon content is approximately
91% of the total BTEX mass) exceed this assimilative capacity at wells MW-116 (15.3 mg
BTEX carbon per L), MW-135 (10.1 mg BTEX carbon per L), and MW-136 (9.1 mg BTEX
carbon per L), though other wells appear to be below the 7.4 mg carbon per liter value. MW-116
is located in the upgradient portion of the refinery, but MW-135 and MW-136 are located near
the northern end of the facility (Figure 2).

The wells exceeding the aquifer’s assimilative capacity contain more organic matter than
microbes could oxidize using the oxidants present. MW-116 is located far enough upgradient on
the refinery property that other, nondestructive attenuation mechanisms (e.g., dilution or
sorption) could act on the contamination before it migrates off site. It is likely these
nondestructive mechanisms will also act to attenuate the dissolved hydrocarbon contamination
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seen at MW-135 and MW-136 as well, but there is less opportunity for these mechanisms to act
before off-site migration might occur. Therefore, continuous operation of the groundwater
recovery wells in the northern area of the refinery will be necessary to prevent dissolved
hydrocarbons from migrating north to or beyond the sentry wells. Also, since control of
contaminant source areas (i.e., free or residual NAPL) is an important component of contaminant
control by natural attenuation, continued efforts to recover free NAPL will remain important. As
recovery of residual NAPL sorbed to the subsurface matrix beneath the facility is impractical,
operation of the recovery wells to create a hydraulic boundary in the northern portion of the
refinery will also remain an important function of these wells.

Dissolved hydrocarbons are apparently supporting microbial growth beneath the refinery (based
on observed sulfide and alkalinity data; Table 4). Except for those locations exceeding the
assimilative capacity, the major limitations to hydrocarbon biodegradation maintaining
groundwater quality at the site are likely to be low temperatures and continuing dissolution of
petroleum compounds into the aquifer from NAPL. The continued presence of hydrocarbons in
the aquifer at the site for many years has provided strong selective pressure for hydrocarbon-
degrading microbes in the groundwater. Little is known about subarctic aquifer microbiology,
but the evidence from the geochemistry at this site indicates hydrocarbon biodegradation is
occurring in situ, though at an unknown rate. Thus, coupled with efforts to minimize releases,
recover NAPL, and create a hydraulic boundary at the northern end of the refinery, microbially
mediated natural attenuation represents another mechanism for preventing off-site migration of
dissolved groundwater contaminants.
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6.0 CONCEPTUAL SITE MODEL

A schematic conceptual site model was constructed (Figure 21) based on the groundwater quality
data presented above to concisely describe the inferred extent of subsurface contamination. This
figure represents a cross-section through the refinery along a transect (A — A”) roughly parallel to
the groundwater flow direction; the transect is shown in Figure 13. In addition to the schematic
conceptual site model, an analysis of the potential receptors of hydrocarbon contamination from
the refinery was performed, evaluating the likelihood of their exposure to contaminants via
groundwater migration, ingestion, and inhalation. The pathway analysis is presented graphically
as a flow diagram in Figure 22.

6.1 Refinery Cross-section

The information presented in the Figure 21 refinery cross-section was derived from observations
of NAPL extent in observation and recovery wells, and the presence of dissolved petroleum
compounds in samples from monitoring wells at the refinery. Note that the vertical scale is
expanded compared to the horizontal scale in this figure to allow a clearer depiction of
subsurface conditions and well depths. Some of the wells shown on the cross-section in Figure
21 did not fall directly on the transect A — A’ in Figure 13 but were included in the figure to
include more data in the model; these wells (S-19, S-18A, MW-115, S-38, MW-127, and S-9)
were projected onto the transect.

As shown in Figure 21, the mean depth to water at the refinery is approximately 7 to 8 feet below
the ground surface (bgs). Depth to groundwater is greatest in the winter months; the mean depth
to groundwater was approximately 9 feet bgs in March 2001, and approximately 8.5 feet bgs in
December 2001. The mean groundwater level at the refinery in July 2001 was about 6.7 feet
bgs. 1\‘/[easured winter maximum and summer minimum depth to groundwater data from 2001
were used to estimate the zone of water table fluctuation at the refinery, which appears to vary
from about 3 feet to 12 feet bgs.

The screening depths and intervals for the wells depicted in Figure 21 are defined by hatch marks
across the vertical lines representing each well, and the wells shown are identified by their well
number. As shown in the figure, most of the wells depicted are screened to depths intersecting
the mean water table elevation, though some wells shown in this figure (e. g.,5-19, S-18A, S-20,
R-32, R-1) do not penetrate to the water table when it is at its deepest in winter. However, based
on the winter mean depth to groundwater of approximately 9 feet bgs, many of the recovery
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wells at the refinery are screened sufficiently deep for product recovery during this season;
possible exceptions to this would be some of the shallower culvert wells.

The screening depth of monitoring wells in the downgradient portion of the transect appears to
be adequate for detecting groundwater contamination, as measurable concentrations of dissolved
petroleum compounds have been observed in MW-127 (screened from 20 to 24.5 feet bgs).
Three new wells (MW-139, MW-140, and MW-142) were installed in 2001 north and west of
MW-127 to improve the ability to monitor dissolved contaminants potentially migrating
downgradient from this location; they are each screened from about 5 to 25 feet bgs. Of the five
other MWs north of the truck loading area (MWs 126, 118, 104, 131, and 102), two of them
(MW-126 and MW-131) are screened at the same depth as MW-127, one is screened about 10
feet deeper (MW-118 at 38.5 to 43 feet bgs), and two (MW-104 and MW-102) are screened at
greater than 60 feet bgs. In our opinion, if contamination is present migrating in groundwater
beyond the truck loading area, it should be apparent in samples collected from these wells.

Subsurface free product extent was estimated from historical and recent observations of NAPL at
the refinery, with the recent data derived from observation and recovery well observations as
described above. The “smear zone” of soil contamination in the subsurface was estimated by the
historical extent of NAPL contamination and the estimated range of groundwater fluctuation.

We have assumed the earlier maximum rather than the more recent NAPL extent in estimating
the smear zone.

Three release areas are presented in Figure 21, representing some of the larger product releases at
the refinery. The locations depicted in the figure represent releases from Crude Unit #1, from the
former bolted tanks area (near well S-35) and the area near Tanks 510 — 514 (near MW-130). It
is assumed these release areas are primarily responsible for the NAPL lens floating on the water
table at the refinery, though it is likely there have been other contributions to this lens from
occasional smaller releases over time.

The extent of dissolved hydrocarbon contamination in the groundwater at the refinery shown in
the cross-section was estimated based on analytical data from samples collected at the
monitoring wells depicted in Figure 21. The upgradient extent of the dissolved contaminant
plume shown was assumed to begin at the upgradient edge of the estimated smear zone, as
residual product sorbed to the aquifer matrix is expected to contribute to the dissolved
contamination. Hydrocarbon concentrations appear to decrease with distance downgradient
along the transect A — A’, with benzene concentrations falling off steeply from MW-115 to MW-
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127 (Table 3). No dissolved hydrocarbons were detected in MW-131 or MW-102, indicating
that groundwater recovery and treatment efforts upgradient continue to curtail contaminant
migration off the site via groundwater.

The estimated permafrost extent was not included in the Figure 21 illustration, as the May 2000
effort did not locate any permafrost north of the refinery.

6.2 Contaminant Exposure Pathway Analysis

The flow diagram presented in Figure 22 presents the results of an analysis of potential routes
through which downgradient receptors or site workers might be exposed to dissolved
hydrocarbon contaminants originating at the refinery. As noted in the figure legend, dashed lines
in the figure indicate pathways either incomplete or insignificant. For this analysis, surface
water, sediment, and biota were not considered to be potentially affected media. Surface water
in the area is restricted to gravel pits on the site, and no petroleum contamination has been
detected in monitoring wells near these pits for more than 5 years. Groundwater monitoring also
indicates that the dissolved hydrocarbons plume does not extend to any surface water at or near
the refinery.

As the surface water bodies at the refinery are the only potential source of sediment, this medium
is also considered an unlikely potential route of exposure. Ingestion of plants, as well, is
considered an incomplete or insignificant exposure pathway, as petroleum compounds are not
found to be taken up by plants, there are no plants at the locations of surface spills or
contamination, and the absence of substantial surface contamination at the refinery minimizes
the migration of contamination by wind-borne dust. Wild game are generally excluded from the
refinery by fences (excepting some small animals), and ingestion of plants is not expected to lead
to bioaccumulation in animal biomass.

Two exposure pathways were considered potentially complete but insignificant: exposure to
affected soil and to contaminated groundwater. Direct releases of petroleum into the soil have
occurred at the facility; thus soil is an affected medium potentially leading to contaminant
exposure. However, as there is a minimal area of contaminated soil exposed at the ground
surface, the potential exposure routes for downgradient receptors are considered incomplete.
Site workers, on the other hand, may become exposed to contaminated soils at the refinery if
excavation activities expose contaminated subsurface soils. However, it is expected that

exposure to soil contaminants by site workers would be unlikely, as personal protective
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equipment (PPE) and other mitigative measures would be employed in the event of excavation
activities at the site.

Petroleum contamination is known to exist in groundwater under the refinery, and efforts are
underway continuously to extract the groundwater and treat it to prevent contaminant migration
off the site. That this approach has been successful is indicated by the general absence of
observable petroleum contamination in monitoring wells downgradient from the truck loading
area at the refinery. Thus, only site workers would potentially be exposed to contaminated
groundwater. No drinking water at the facility is obtained from the groundwater at the site. In
addition, as the three enclosed buildings in the NAPL-affected area (laboratory, fire house, and
distribution office; Figure 13) are constructed with a slab-on-grade cement foundation,
infiltration of volatiles into buildings is likely to be negligible. Therefore, the potential exposure
pathways would likely only be completed if groundwater were exposed during excavation
activities at the refinery, or during water sampling or measurement of NAPL in the refinery
wells. As with the potential soil exposure pathway, it is expected that this potential exposure
would be mitigated by PPE or other on-site controls.

25 31-1-11066-002



SHANNON &WILSON, INC.

70 CORRECTIVE ACTION PLAN
7.1 Refinery Wells

Given recent data indicating soil and groundwater contamination remains within the boundaries
of the refinery site, it appears practices at the refinery and timely response to spill events have
generally resulted in stable contaminant conditions. Contaminant source control through
preventive measures, rapid response to spill events, NAPL recovery efforts, hydraulic control
using recovery wells, and treatment of contaminated groundwater with air strippers, together
with natural contaminant attenuation at the site, have resulted in no hydrocarbon contamination
leaving the refinery site. Increases in benzene previously seen at MW-127 and MW-125
appeared to be related to ineffective hydraulic control in the vicinity of recovery wells R-40 and
R-35. Following the cleaning and rehabilitation of these wells, benzene concentrations in MW-
127 (Figure 8) and MW-125 (Figure 11) have decreased.

In May 2000, an inventory of all existing monitoring, observation, and recovery wells was
performed. Wells were evaluated for their present and likely future utility in assessing
groundwater gradient, determining contaminant levels, delineating NAPL extent, and effecting
product recovery. Based on this evaluation, recommendations were made regarding sampling
frequency and future disposition of the inventoried wells, and some wells were removed. Of
those wells remaining, selected wells are now being used for determination of groundwater table
elevations and gradients, the magnitude of their seasonal variation, and ongoing contaminant and
geochemical analysis for natural attenuation monitoring. The remaining wells were surveyed for
location, and those used for water level determinations were also surveyed for elevation. Wells
used for groundwater elevation assessment will be re-surveyed as needed if frost-jacking occurs.
The site plan of the refinery has been updated to reflect changes in facilities at the site, since the
previous survey work was done more than a decade ago, and now includes the locations of all
currently active monitoring, observation, and recovery wells.

The details regarding the wells, their functions, and sampling or observation frequencies are
contained in Table 5 (monitoring wells), Table 6 (observation wells), and Table 7 (recovery
wells). A site map showing the groundwater monitoring well locations and current BTEX
sampling frequency is presented in Figure 23. Observation wells are to be used for detecting the
presence of NAPL, measuring NAPL thickness for product recovery (selected wells, Table 6)
and measuring groundwater elevation (selected wells, Table 6); their locations are shown on the
site map presented in Figure 24. Recovery well locations are shown in Figure 25; some actively
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pump groundwater for NAPL recovery and/or creating a hydraulic boundary at the northern end
of the refinery facility (Table 7). Other recovery wells serve as collection points for free-phase
NAPL floating on the water table, but do not have groundwater pumps to create zones of
groundwater depression to enhance NAPL recovery (“static” recovery wells, Table 7).

7.2 Contaminants of Interest

Arsenic was the only metal detected at the refinery above soil and groundwater cleanup levels.
As noted in Sections 4.2 and 4.3, the presence of arsenic above cleanup levels in soil and
groundwater samples at the refinery appears to be attributable to the natural abundance of this
element in the area. Arsenic is not a metal known to be associated with crude oil, refined
petroleum products, or the process of refining and is therefore not likely to be a soil or
groundwater contaminant resulting from refinery practices. It is our opinion that arsenic’s
presence at the concentrations observed in refinery soil and water samples should not be cause
for corrective action.

A variety of petroleum hydrocarbons exceeding cleanup levels have been detected in soil and/or
groundwater samples from the refinery. Consideration of the physical properties of the
hydrocarbon contaminants detected suggests that benzene remains the best analyte to measure
for tracking petroleum contamination potentially migrating from the refinery property. The
migration of a hydrocarbon compound in an aquifer is primarily controlled by two of the
compound’s physical properties: the aqueous solubility and the compound’s tendency to sorb to
the subsurface soil matrix. The latter factor can be estimated using the compound’s octanol-
water partition coefficient (Kow), which measures the equilibrium distribution of the compound
between an organic (nonpolar) and aqueous phase. As Kow values commonly occur over a large
range for various compounds, the log Kow is typically reported. High log Kow values indicate a
compound has a greater tendency to sorb to the aquifer matrix, thereby increasing the probability
its subsurface migration would be retarded.

The hydrocarbon analytes found to exceed either the soil or groundwater cleanup levels have the
following approximate aqueous solubilities (solubility varies as a function of temperature and
other solute concentrations) and log Kow values:
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Soil and Groundwater Hydrocarbon Contaminants of Interest

Compound Aqueous Solubility Log Kow
(mg/)
Benzene 1780 2.13
Toluene 515 2.69
Ethylbenzene 152 3.13
o-Xylene 220 3.15
m-Xylene 160 3.20
p-Xylene 215 3.18
1,3,5-trimethylbenzene 48.2 3.42
1,2,4-trimethylbenzene 57 3.63
Naphthalene 31 3.37
2-Methyl-naphthalene 24.6 3.86

As is apparent from the above data, benzene is the most soluble COI, and its migration in the
subsurface is the least likely to be retarded. Benzene also has the most stringent groundwater
cleanup level. It is therefore our opinion that benzene is the most appropriate analyte to track
migration of hydrocarbons in the subsurface at the refinery. Therefore, continued monitoring of
the BTEX compounds appears appropriate and should be sufficient to detect subsurface
movement of dissolved petroleum compounds in groundwater at the refinery.

7.3 Monitoring Program

As noted in the Introduction, Shannon & Wilson generated a number of suggestions for long-
term monitoring in our report to Williams (Monitoring Program, Williams Alaska Petroleum,
Inc., North Pole Refinery), dated April 20, 2001. This report recommended that groundwater
quality monitoring for BTEX be performed at different frequencies (monthly at maximum,
annually at minimum) depending on the location and the water quality in that area. The
sampling frequency was designed to be varied in response to improvement or deterioration in
groundwater quality. In some cases frequent sampling (monthly or quarterly) was
recommended, which would then be reduced based on the trend in hydrocarbon concentrations
observed at that location over time. The basis for decreasing the sampling frequency would be a
statistically significant decreasing trend (determined using the Mann-Kendall test for trends) in
benzene concentration. The current complement of groundwater monitoring wells at the refinery
and their recommended sampling frequency for BTEX is provided in Table 5.
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In addition to BTEX muonitoring, we recommend continued monitoring of groundwater
geochemistry to assess the contribution of naturally occurring microbial populations to
attenuation of hydrocarbon contamination at and downgradient from the site. Monitoring for
natural attenuation is currently being performed quarterly to determine how these parameters
may vary seasonally. As noted in Section 5.5, the data collected thus far are difficult to interpret,
and little is currently known about subarctic aquifer microbiology, but it is apparent that some
microbial biodegradation of petroleum is occurring in the subsurface at the refinery. One more
quarterly sampling episode is planned, after which the geochemistry sampling will decrease to a
semiannual basis. In our opinion, with further geochemical sampling the accumulation of
additional data should help us better understand the processes at play beneath the refinery
leading to destruction of dissolved hydrocarbons. It may be desirable to collect this information
from other locations at the refinery in the future, as this may allow us to interpret anomalous data
(e.g., the geochemistry of MW-134).

A number of wells have been designated for groundwater elevation measurements (see Tables 5
and 6, and Figure 1). Groundwater elevation at these locations is currently measured
semiannually. These measurements should be continued for the next few years to build a data
set showing the degree of variation in groundwater flow direction. We expect there to be some
variation (we have detected an approximately 8° variation between the autumn 2001 and spring
2002 measurements), but generally anticipate the refinery’s groundwater flow direction to match
that measured regionally in the area (i.e., to the north-northwest) as influenced by the nearby
Tanana River.

Observation and recovery wells are being used together to monitor the size and potential
movement of NAPL beneath the facility. The presence of NAPL is assessed at least quarterly at
the observation wells (Table 6, Figure 24) and more frequently as needed in recovery wells
(Table 7).

Recovery wells (Table 7, Figure 25) are used for floating product recovery. “Static” recovery
has been employed in many wells, using skimmers or other techniques to collect NAPL floating
on standing water in the wells. Other wells have used water pumping to depress the water table
for enhanced NAPL recovery; water pumped from these wells has been treated in stripping
towers before being discharged to on-site gravel pits. An important function of some of these
enhanced recovery wells (i.e., R-21, R-40, R-39, and R-35) has been to effect hydraulic control
in the vicinity near the truck loading area. Recovery well R-35 had not been actively pumping
water for several years due to encrustation of the well screen, and wells R-40 and R-41 had not
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been sufficiently productive to effect hydraulic control at this location. Subsequently, wells R-
21, R-35, R-39, R-40 and the other recovery wells equipped with groundwater pumps were
cleaned by brushing, adding acid, and surging. Flow from R-35, R-39, and R-40 apparently
increased, and R-40 was then also connected to the refinery water recovery system. Based on the
response of MW-127 (benzene concentrations decreasing; Figure 8), it appears these wells are
exerting a strong influence on groundwater flow and are once again effective at creating a
hydraulic boundary in the northern area of the refinery.

In our opinion, the measures suggested above will provide the information needed to effectively
monitor NAPL and groundwater quality. Corrective measures (i.e., groundwater pumping,
product recovery, air stripping, spill control/response, natural attenuation) will be employed to
maintain contaminant plume stability and reduce its extent, and prevent off-site contaminant
migration for the life of the facility. Williams Alaska Petroleum, Inc., expects this facility to be
in operation for approximately the next 50 years. Annual review of NAPL and benzene extent
data will allow for modifications to corrective measures as necessary to maintain protection of
downgradient receptors. Further measures may be applied as necessary if monitoring does not
demonstrate stable conditions. Annual reports on the effectiveness of corrective measures will
be generated in addition to the status reports written as directed by the Williams Alaska
wastewater discharge permits. Any remedies needed to achieve site closure when operations at
the refinery cease will be addressed according to regulafions extant at that time.
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8.0 LIMITATIONS

This report presents conclusions based on analysis of samples collected in selected areas of the
refinery. The locations sampled may not represent the highest levels of contamination present at
the site and were not generally chosen to delineate the extent of contamination. It was not our
intent to detect the presence of soil or groundwater affected by contaminants other than those for
which laboratory analyses were performed. No conclusions can be drawn regarding the presence
or absence of other contaminants.

The data presented in this report should be considered representative of the time we made our
observations and collected samples. Changes due to natural forces or human activity can occur
on the site. Because of such changes beyond our control, our observations and interpretations
may need to be revised. In addition, there can be no assurance that a regulatory agency or its
staff will reach the same conclusions as Shannon & Wilson.
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at Williams Alaska Petroleum, Inc., North Pole Refinery

Table 1
2001/2002 BTEX and Historical
Maximum Benzene Concentrations Observed

Shannon & Wilson, Inc.

Most Recent Sample Data

Date Most
Highest | Highest | Recent Ethyl
Screen | Benzene | Benzene | Sample |Benzene|Toluene| benzene | Xylenes
Well Depth {Observed| Observed| Date | (vg/L) | (ug/L) | (pg/L) | (pg/L) Location
Mw-101 | 5661 10 |[5/22/90 | 473/02| ND | ND ND np |Westof Truck
Loading Area
MW.101A| 1823 6 |11/28/88| 473/02| ND | ND ND Np  |Westof Truck
Loading Area .
Mw-102 | 61.5.71.5' | 17 | 9/28/88 | 479/02| ND | ND ND ND ;‘:’;’:f Truck Loading
MW-104 | 6367 20 | 4/20/90 | 4/9/02] ND | ND | ND ND  |North of Truck
Loading Area
MW-105 | 5863 a1 | 2/21/90 {4/10/02| nND ND ND ND  [SE corner of
Refinery
MW-105A[ 18-23' 270 | 9/19/95 |4/10/02| ND ND ND Np  |SE corner of
Refinery
MW-106 | 18.5.23' 6 |12/18/90| 4/5702| ND ND ND ND X’r‘zzt of Fire Training
MW-109 | 9.5.14' 140 | 9/28/88 | 4/3/02| ND ND ND ND ‘ge“ Edge of Lagoon
MW-110 | 13.5.18 | 5500 | 9/14/99 |10/9/01| 2000 | 1100 83 650 gE Corner of Lagoon
Mw-111 | 145195 | 530 |11/30/88| 4/3/02| 34 | D ND Np  [SW of Rail Car
Loading Area
MW-113| 115.16' | 350 | 9/8/93 | 4s/3/02| No | D ND np  |West of Rail Car
Loading Area
MW-115 [ 12.5.17" | 22000 | 5/24/90 | 4/9/02 | 1500 | ND 24 1200 |Between Crude
Units #1 and #2
Mw-116 | 12:17° | 24000 | 9/17/91 | 479702 | 11000 | ND 190 | 5600 |Crude Unit #1
Mw-118 | 38543 | 1500 |4/19/90 | 4/4/02| ND ND ND ND  |North of Truck
Loading Area
MW.124 | 20-245 | 4000 | 6/6/90 | as/8/02| 39 | ND ND ND f\fegf Truck Loading
MW-125 | 19.524' | 24000 | 6/26/90 | 4/4/02| 9.0 | ND | ND Np | South of Truck
Loading Area
Mw-126 | 20245 | 1200 |8/30/91 | 4s4/02| ND ND ND np  |North of Truck
Loading Area
MW-127 | 20-24.5 210 | 7/21/99 | 474702 | 130 ND ND np  |NW Corner of Truck
Loading Area
MW-129 | 37-41.5' 39 |12/17/96| 474702 | ND ND ND Np  |B Cormer of Truck
Loading Area
MW-130 | 1923 | 1600 | 9/26/97 | 4/3/02| 90 26 19 40 ggoC?rg;;of Tanks
MW-131 | 20245 | ND |7/20798| 48702 ND | ND ND np  |NW of Truck Loading

Area
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at Williams Alaska Petroleum, Inc., North Pole Refinery

Table 1
2001/2002 BTEX and Historical
Maximum Benzene Concentrations Observed

Shannon & Wilson, Inc.

Most Recent Sample Data

Date Most
Highest | Highest | Recent Ethyl
Screen | Benzene | Benzene | Sample | Benzene| Toluene| benzene | Xylenes
Well Depth |Observed| Observed| Date | (Mg/L) | (ug/L) | (ug/L) | (pg/L) Location

MW-132 | 17.5.22' 4 9/15/99 | 4/8/02 | ND ND ND ND |East of Tank 515

MW-133 [ 17.5.22' ND | 9/15/99 |10/10/01] ND ND ND ND |East of Tank 515

MW-134 | 17.21.5' ND | 9/15/99 10/10701] ND ND ND ND  |NE of Crude Unit #2

MW-135 [10.57-19.49| 14000 | 10/9/01 | 3/6/02 | 6000 | 3200 | 390 1430 |NE of Tank 513

MW-136 [10.11-19.07| 11000 | 10/9/01 | 2/4/02 | 6500 | 1700 | 360 1380 |NE of Tank 513

MW-137 [10.42~19.32| 1400 |11/14/01| 4/8/02| 470 ND 1.7 1.0 |NE of Tank 513

MW-138 |3.86-18.06'| No data | No data | No data | No data | No datal No data | No data zgrth of Crude Unit

MW-139 |5.70~25.02'| 220 | 10/9/01| a/8/02| 110 | ND 35 740 |West of Truck
Loading Area

MW-140 [4.20-2350'f ND | 7/11/01 | 4/9/02 | ND ND ND np  |North of Truck
Loading Area

MW-141 [7.9422.40' ND 4/5/02 | 4/5/02| ND ND ND np  |Far westof Rail
Loading Area

Mw-142 |5.35.19.35'| ND | 8/13/01 |8/13/01] ND | 1.2 ND np VW of Truck Loading

Area

Bold face values exceed groundwater cleanup levels (18 AAC75.345)
ND = Analyte not detected above laboratory practical quantitation limit (0.5 pg/L for benzene, 1.0 pg/L for
toluene and ethylbenzene, and 2.0 pg/L for xylenes).
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Existing Monitoring Wells, Screened
Intervals, Functions. and Sampling Frequencies

Table 5

Shannon & Wilson, Inc.

Sampling Frequency

(A = annual,
Groundwater Screen S = semiannual,
Monitoring Interval Q = quarterly,
Wells (feet bgs) Function M = monthly)

, 1) "Far north" sentry well for BTEX 1A

MW-101 56-61 2) Groundwater elevation check 2)S

. 1) "Far north" sentry well for BTEX 1A

MW-101A 18-23 2) Groundwater elevation check 2)S

. |1) "Far north" sentry well for BTEX 1A

MW-102 61.5-71.5 2) Geochemistry for natural attenuation 2)Q
MW-104 63-67"' "Far north" sentry well A

1) Upgradient well for BTEX 1)S

MW-105 58-63' 2) Geochemistry for natural attenuation 2)Q

3) Groundwater elevation check 3)S

1) Upgradient well for BTEX 1)8

MW-105A 18-23' 2) Geochemistry for natural attenuation 2)Q

3) Groundwater elevation check 3)S

. [1) Monitor wastewater discharge for BTEX 1S

MW-106 18.5-23 2) Groundwater elevation check 2)S
MW-109 9.5-14' Leak detection (BTEX) for Lagoon B S
MW-110 13.5-18' |Groundwater BTEX monitoring Q
MW 111 14.5-19.5' [Groundwater BTEX monitoring S

. |1) Groundwater BTEX monitoring 1)8

MW-113 11.5-16 2) Groundwater elevation check 2)S
MW-115 12.5-17' |Groundwater BTEX monitoring A
MW-116 1217 Groundwater BTEX monitoring A
MW-118 38.5-43' |Sentry well for BTEX A
MW-124 20-24.5' |Groundwater BTEX monitoring M

. |1) Groundwater BTEX monitoring 1S

MW-125 19.5-24 2) Geochemistry for natural attenuation 2)Q

Page 1 of 2

31-1-11066-002




Existing Monitoring Wells, Screened

Table 5

Shannon & Wilson, Inc.

Intervals, Functions, and Sampling Frequencies
Sampling Frequency
(A = annual,
Groundwater Screen S = semiannual,
Monitoring Interval Q = quarterly,
Welils (feet bgs) Function M = monthly)
MW-126 20-24.5' |Groundwater BTEX monitoring Q
. |1) Groundwater BTEX monitoring HM
MW-127 20-24.5 2) Geochemistry for natural attenuation 2)Q
, |1) Groundwater BTEX monitoring NIM
MW-129 37-415 2) Groundwater elevation check 2)S
MW-130 19-23' Groundwater BTEX monitoring Q
. |1) Groundwater BTEX monitoring 1)Q
MW-131 20-24.5 2) Geochemistry for natural attenuation 2)Q
MW-132 17.5-22' |Groundwater BTEX monitoring Q
. |1) Groundwater BTEX monitoring 1S
MW-133 17.5-22 2) Geochemistry for natural attenuation 2)Q
1) Groundwater BTEX monitoring 1)S
MW-134 17-21.5"  |2) Geochemistry for natural attenuation 2)Q
3) Groundwater elevation check 3)S
MW-135 10.57'-19.49' |Groundwater BTEX monitoring M
MW-136 10.11'-19.07' |Groundwater BTEX monitoring M
MW-137 10.42'-19.32' | Groundwater BTEX monitoring M
MW-138 3.86'-18.06' No regular sampling; yve!l installed for As needed
propylene glycol monitoring.
MW-139 5.70'-25.02' [Groundwater BTEX monitoring Q
MW-140 4.20'-23.50' |Groundwater BTEX monitoring Q
. , |1) Groundwater BTEX monitoring 1S
MW-141 7.94-22.40 2) Groundwater elevation check 2)8
MW-142 5.35'-19.35' |Groundwater BTEX monitoring Q
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Table 6
Observation Wells, Depths,
Functions, and Observation Frequencies

Shannon & Wilson, Inc.

“Screened Section Total
Well Install Depth Depth
ID Date (feet bgs) (feet bgs) Function Frequency
Quarterly
2" PVC, 0.01" slotted , NAPL ,
S-9 | Aug-01 4.88' - 18.88' 198" | presence/Absence | (3nUaNY/April/
July/October)
2" PVC, 0.01" slotted NAPL Quarterly
S-10 | Aug-01 4.85'-18.95' 199" | presence/Absence | (Y2nUaY/April
July/October)
4" PVC, bottom 10' \ . Semi-annual
S-19 Nov-86 slotted 0.02" 1.7 GW Elevation (AprillOctober)
Quarterly
2" PVC, 0.02" slotted . NAPL .
S-20 | May-87 2.7'-12.45' 121 Presence/Absence | (2nuany/Apri/
July/October)
Quarterly
2" PVC, 0.02" slotted . NAPL .
S-21 May-87 292'-12.67 134 Presence/Absence (January/April/
July/October)
2" PVC, 0.02" slotted NAPL Quarterly
S-22 | May-87 45-142 14.7 Presence/Absence | (2nuany/Apri/
July/October)
2" PVG, 0.02" slotted NAPL Quarterly
S-23 | Sep-86 3.51-12.85' 136" | presence/Absence | (2nuary/April
July/October)
2" PVC, 0.02" slotted , . Semi-annual
S-26 Sep-86 420-13.6 14.3 GW Elevation (AprillOctober)
NAPL Product
, " , N thickness and Quarterly
S-27 Nov-87 5 s(.)IZtA{eQIB’\S/'(; 8 20(;,,4 12.3' presence/absence; | (January/April/
) recover NAPL as | July/October)
needed.
Quarterly
5' of 4" ABS, 10' of 4" . NAPL .
S-28 | Nov-87 slotted PVC 0.20" "7 Presence/Absence | (Manuany/April
July/October)
Quarterly
5' of 4" ABS, 10' of 4" , NAPL .
S-29 | Nov-87 1"\ otted PVC 0.20" 14| presence/Absence | (/2nuan/April
July/October)
NAPL Product
, " , " thickness and Quarterly
S-32 Nov-87 Ssgﬁeﬁgsgggf 11.3 presence/absence; | (January/April/
) recover NAPL as | July/October)
needed.
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Table 6

Observation Wells, Depths,
Functions, and Observation Frequencies

Shannon & Wilson, Inc.

Screened Section Total
Well Install Depth Depth
ID Date (feet bgs) (feet bgs) Function Frequency
NAPL Product
Vg A PP thickness and Quarterly
S-33 Nov-87 S ;;Z);e:g\sl'c;g 20(;,4 12' presence/absence; | (January/April/
' recover NAPL as | July/October)
needed.
NAPL Product
thickness and Quarterly
S-34 Dec-89 7.94-12.94' 13 presence/absence; | (January/April/
recover NAPL as | July/October)
needed.
' ' NAPL Quarterly '
S-35 Dec-89 8.0-13.0 13 (January/April/
Presence/Absence
July/October)
' ' NAPL Quarterly '
S-36 Dec-89 7.70-12.70 13 (January/April/
- Presence/Absence
July/October)
' ' NAPL Quarterly '
S-37 | Dec-89 6.75-11.75 12 (January/April/
Presence/Absence
July/October)
. ' NAPL Quarterly _
S-38 Dec-89 7.90-12.90 13 (January/April/
Presence/Absence
July/October)
' ' NAPL Quarterly .
S-39 | Dec-89 7.63-12.53 13 (January/April/
Presence/Absence
July/October)
NAPL Quarterly
S-40 | Dec-89 7.75-12.75 13 (January/April/
Presence/Absence
July/October)
NAPL Quarterly
S-41 3/22/90 12.07-16.52' 17 (January/April/
Presence/Absence
July/October)
NAPL Quarterly
S-42 6/5/91 3.16'-12.66' 13 (January/April/
Presence/Absence
July/October)
' ' ' NAPL Quarterly .
S5-43 6/5/91 3.37-12.7 13 (January/April/
Presence/Absence
July/October)
' . NAPL Quarterly .
S-44 6/5/91 3.16-12.64 13 (January/April/
Presence/Absence
July/October)
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Table 6
Observation Wells, Depths,

Functions, and Observation Frequencies

Shannon & Wilson, inc.

Screened Section Total
Well Install Depth Depth
ID Date (feet bgs) (feet bgs) Function Frequency
NAPL Quarterly
S-47 | Before 1998 10.4'-20.4' 20.7 (January/April/
Presence/Absence
July/October)
NAPL Quarterly
S-48 | Before 1998 7.0-17.0' 17.3' (January/Aprii/
Presence/Absence
July/October)
NAPL Product
thickness and Quarterly
S-49 | Before 1998 5.4-156.4' 16.7' presence/absence; | (January/April/
recover NAPL as | July/October)
needed.
NAPL Product
" " thickness and Quarterly
S-50 | 7/15/97 4 P\;CSBS,'_I%S 506920 ! 18' presence/absence; | (January/April/
' ' recover NAPL as | July/October)
needed.
NAPL Product
" " thickness and Quarterly
S-51 | 6/12/97 2 P\f;';,j?ffé?zo ' 18’ presence/absence; | (January/April/
) ' recover NAPL as | July/October)
needed.
NAPL Product
" " thickness and Quarterly
S-52 | 7/15/97 4 P\i(ias_h:zs 10 4920 ' 15' presence/absence; | (January/April/
) ' recover NAPL as | July/October)
needed.
2" PVC, 0.02" slotted , . Semi-annual
S-54 7/1/98 10' - 15' 15 GW Elevation (AprilOctober)
S-55 7/1/98 2" PVC, 0.02" siotted 15' GW Elevation Semi-annual

10'- 15’

(April/October)

Page 3 of 3

31-1-11066-002



Table 7

Recovery Wells, Descriptions,
Functions, and Recovery Frequencies

Shannon & Wilson, Inc.

Recove Well Type
Y Installed Location and Screen Function Frequency
Wells
Interval
4.16' diam. .
R-1 Jun-86 ?_52%??2? culvert; total rg;jcﬁrezf:: As needed.
depth9.3 [P -
3.15' diam. .
R-3 Nov-82 ?:?J #°1f culvert; total rclajdsjc:c:’eit:\:z: As needed.
depth6.92° | P V-
4.15' diam. .
R-4 Nov-82 2% #°1f culvert; total rgcjsl?c:or;?\?ec As needed.
depth8.56' | P -
3.15' diam. .
R-5 Jun-86 2% #c;f culvert; total rgcjsjc:c;rei?\:: As needed.
depth 7.23° | P v
3.15' diam. .
R-6 Nov-82 g% :f culvert; total rgcjsjcﬁ;f\::ac As needed.
depth 5.95° | P V-
4.17' diam. .
R-9 Jun-gs | E cfoTza"k culvert; total r;’;jc';"r';:ff As needed.
depth 7.98' | P -
1.65' diam. .
R-10 Jun-86 E. 05f1'|;ank culvert; total rg:uecﬁrezf\:lec As needed.
depth9.14' | P v
3.15' diam. .
R-10A Jun-gs | E c;Tsa"k culvert; total rg;fci"r;zf\f:’ As needed.
depth 5.96' | P -
1.66' diam. .
R-11 Jun-86 T:n'i g: 5| culvert total rgjfc:c;:t:\:: As needed.
depth8.13 | P 2
SE of Tank 4" ABS; Use for static
R-12 Jun-86 514 40-76 product recovery. | S needed
1.63' diam. .
R-13 Junss | %2151 O cuvert: total r:;l'fc:c’;f‘;:’ As needed.
depth9.65 | P -
1.65' diam. .
R-14 Jun-86 T:2V(:I-§;3 culvert; total rg:l?czorreit:\:: As needed.
depth6.06' | P .
NW of 4" ABS; Use for static
R-14A 1987 T820-823 | 4.0-10.73' | product recovery. As needed.
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Table 7

Recovery Wells, Descriptions,
Functions, and Recovery Frequencies

Shannon & Wilson, inc.

Recove Well Type
i Installed Location and Screen Function Frequency
Wells
Interval
No. of 10" diam. steel; Use for static
R-18 Jun-87 Tank 193 |  7.65-32.77 | product recovery. | S Needed.
In dike - . .
R-19 Jun-87 around 108 g':_r; s1t$'e . rg::cﬁ;?\:: As needed.
T403-404 o4el. P Y.
in dike "o ) .
R-20 Jun-87 around 108 g';?a sgtzelel, r:::;c’r;::: As needed.
T403-404 0999, P v
Use for active
12" diam. Steel;, | product recovery
R-21 octer |V °;2T§2°' 4172417 and hydraulic | Continuous.
(29.17B.0.H.) control south of
truck loading area.
12" diam. steel; .
R-22 Oct-87 ngg’_;; 4.65-24.65' r;’:jc:"r;zfjf As needed.
(29.65'B.O.H.) | P Y-
R-25 Oct-87 No: of air | 3' diam. cuIYen; Use for static As needed.
strippers 5.5-9.45 product recovery.
So. of . . .
R-26 Nov-87 T403/515 | 2 diam-culvert, | Useforstatic |, oy
dike total depth 8.66' | product recovery.
So. of ' . .
R-27 Nov-87 | T4oas1s | 2 diam-culvert | Useforstatic | 40,
dike total depth 9.31' | product recovery.
E. of 2' diam. culvert; Use for static
R-28 Nov-87 T403/515 am. € ! As needed.
dike total depth 6.73' | product recovery.
E. of 2' diam. culvert; Use for static
R-29 Nov-87 T403/515 ) . As needed.
dike total depth 7.32' | product recovery.
NW of 2' diam. culvert; Use for static
R-30 Nov-87 T403/515 | total depth 6.95' | product recovery. As needed.
W of 2' diam. culvert; Use for static
R-31 Nov-87 T403/515 | total depth 10.95'| product recovery. As needed.
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Table 7

Recovery Wells, Descriptions,

Functions, and Recovery Frequencies

Shannon & Wilson, Inc.

Recove Well Type
y Installed Location and Screen Function Frequency
Wells
Interval
W of 2' diam. culvert; Use for static
R-32 Nov-87 T403/515 | total depth 10.97'| product recovery. As needed.
No. of 12" diam. steel; Use for static
R-33 Aug-88 CU#1 7.4-24.6' product recovery. As needed.
12" diam. steel
Aug-88: new casmg, 10" diam. .
W of stainless steel Use for active .
R-34 screen added . . Continuous.
T403/515 |screen installed in| product recovery .
Sep-01 ;
2001;
0.5-20.83"
W of T510-] 12" diam. steel; Use for active .
R-35 Aug-88 514 7.1-24.2' product recovery. Continuous.
- So. of 12" diam. steel; Use for static
R-36 Aug-88 | 1403515 7.1-25.3' product recovery. | S needed.
E of 12" diam. steel; Use for active
R-37 Aug-88 T403/515 6.7-24.5' product recovery . As needed.
So. of . . .
R-38 Aug-88 CU# & 2' diam. culvertl, Use for static As needed.
total depth 9.8' | product recovery.
CU#2
Use for active
- product recovery
No. of 10" diam. steel; . .
R-39 1989 T510-514 6.25 to 25.5' and hydraulic Continuous.
control south of
truck loading area.
Use for active
" product recovery
E of T820-| 10" diam. steel; . .
R-40 Jul-91 823 6.0-2517" and hydraulic Continuous.

control south of
truck loading area.

Page 3 of 3

31-1-11066-002




Shannon & Wilson, Inc.

Table 7
Recovery Wells, Descriptions,
Functions, and Recovery Frequencies

Recove Well Type
ry Installed Location and Screen Function Frequency
Wells
Interval
Recovery well not
in use. Well R-40 is
E of T820- | 5" diam. stainless| nearby and was
R-41 Oct-99 823 | steel; 19.5-24.5' |  successfully Not used.
rehabilitated in
2000.

Page 4 of 3 31-1-11066-002
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Williams Alaska Petroleum, Inc.
Refinery, North Pole, Alaska

BENZENE CONCENTRATIONS

MW-105 AND MW-105A
June 2002 31-1-11066-002

%UDD SHANNON & WILSON. INC.| Figure 3

GEOTECHNICAL AND ENVIRONMENTAL CON‘SULTANTS
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SCALE APPROXIMATE .
: Williams Alaska Petroleum, Inc.
Refinery, North Pole, Alaska

ESTIMATED LOCATION OF MAJOR
FLOATING OIL LENSES, APRIL 1989
*DESCRIPTION OF CURRENT CONDITIONS*

June 2002 31-1-11066-002
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MW102
Williams Alaska Petroleum, Inc. Refinery
80’ North Pole, Alaska
CONCEPTUAL SITE MODEL

CROSS-SECTION ALONG
TRANSECT A-A' AT REFINERY

June 2002 31-1-11066-002

== (1) SHANNON & WILSON, INC,| Figure 21
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Williams Alaska Petroleum, Inc.
North Pole Refinery Conceptual Site Model

POTENTIAL
RECEPTORS
POTENTIAL POTENTIAL
CONTAMINANT AFFECTED RELEASE MECHANISMS/ EXPOSURE Downgradient Site
SOURCE MEDIA MIGRATION PATHWAYS ROUTES Residents ~ Workers EXPLANATION
-girffct releases o; contamina?ts into soil — | incidental ingestion | » O @ || winimal area of contaminated soil exposed
sSurface erosior/deposition of contaminated - at ground surface; pathways complete for site
R Sol [ R into subsurta > | Dermal contact | > O worker only if subsurface soil is disturbed.
sLeaching of surface spill into subsurface soils > - | N
s\Volatilization of contaminants into the atmosphere bnhalatlon of dust O
eDisturbance of contaminated soil by excavation > i ; i I__> Outdoor setting; inhalation of volatiles likely
sLeaching of contaminants into groundwater I inhaiation of votetile contaminants O } only if subsurface soil is disturbed.
A
——PI Ingestion } —» | O Pathways complete for site worker only if
Direct releases of contaminants into groundwater - ~ 1 groundwater is exposed in excavation;
:Leaching of surface spill into ground\?/ater _’I Dermal contact | —»| O groundwater wells not used on site. Buildings
—®|  Groundwater —— Downgradient migration of contaminants - . - at facility constructed on concrete slab; infiltration
v Inhalation of volatile contaminants nedligible.
Leaks or Spills from with groundwater _ - —®| released during water use —| O @) gigiie
Fuel Storage Tanks, sVolatilization of contaminants into vadose zone soil
Pipelines, Railcars, *Migration and discharge of contaminated Inhalation of volatiles migrating > O Groundwater contaminant plume does not
or Trucks ! groundwater into off-site surface water —®| from vadose zone to indoor airspace - extend to downgradient residences.
J
1
1
: Surface water (gravel pits) unlikely to receive
1 NN .
- - - b S @ runoff from precipitation; no contaminants detected
; . ’L Incidental ingestion |— O . in MWs downgradient from ponds for >5 years.
; H Groundwater contaminant plume does not extend
! o ! to surface water. Surface water bodies are on refinery
:L_ -»  surface Water F--% ogyr(f;ce runcf>ff oftpreqpltta(t’lon dwater int - ’L Dermal contact l‘ """""" +| O site; downgradient residents’ access restricted.
1 ebiscnarge of contaminated groundwater into. -~ -~ ! Ingestion and dermal contact possible, though
: Surface water ! unlikely, for site workers.
1 1 N N "
! —-———- >| Inhalation of volatile contaminants I" O Outdoor setting; volatilization of potential contaminants
! from water yields negligible concentrations in air.
1
i [ No contaminants detected in MWs downgradient
1 -_—- . . . H H
e . ~~—p| oErosion of contaminated soil and deposition r »! Incidental ingestion (====~===~-- | 4 from surface water bodies on site for >5 years.
' P Sediment > as sediment po H O O Groundwater contaminant plume does not extend to
: .Partmonlng from groundwater to Sed|ment ‘‘‘‘ :‘ Surfaw water Surface Watel‘ bOdles are on reﬁnery
: ePartitioning from surface water to sediment ! O O site; dpwngradlent residents’ access restricted. .
: L-—-p| Dermal contact [~========-= > lngestlor) and derrpal contact only possible for site
! workers if gravel pits are excavated.
1
! > r~~-p I Ingestion of garden produoel- —————p O O No substantial uptake of petroleum compounds
""" Biota L_._..p oU . g ! by plants; minimal area of contaminated soil
ptake from soil, surface water, or sediment ! N Py _
Legend oDeposition of airborne dust ~ [~-=" be--p | Ingestion of llvestock]- > O O exposed at surface.
1 . . .
Leme Ingestion of wild game . - - ____.. No substantial petroleum bioaccumulation
® Complete and potentially significant > l |— > O O

Potentially complete but insignificant exposure

QO Incomplete or insignificant exposure

=== Incomplete or insignificant pathway

by animals.

Williams Alaska Petroleum, Inc. Refinery
North Pole, Alaska

CONCEPTUAL SITE MODEL
POTENTIAL CONTAMINANT EXPOSURE
PATHWAY ANALYSIS

June 2002 31-1-11066-002

Figure 22
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APPENDIX
Site Characterization and Remediation Activities at
Williams Alaska Petroleum, Inc., North Pole Refinery
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