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I. INTRODUCTION 

STAR ENTERPRISE TERMINAL 
PICKETT ROAD, FAIRFAX, VIRGINIA 

This Statement of Basis ("SB") explains the proposed remedy to cleanup the oil 1 release 
at the Star Enterprise Petroleum Distribution Terminal ("Star") located at 3800 Pickett Road, 
Fairfax, Virginia. The Star Terminal is owned and operated by Saudi Refining, Inc., Star 
Enterprise Texaco, Inc., and Texaco Refining and Marketing Inc .. 

In the fall of 1990, oil was discovered in Crook Branch near the Star Terminal. Further 
investigations in the ensuing months revealed that a large oil plume, covering about 22 acres, 
originated from the Star Terminal and extended onto a commercial strip and a residential area 
across Pickett Road. In June 1991, at the request of the Virginia Water Control Board, the 
United States Environmental Protection Agency ("EPA") assumed the lead agency role to 
manage the oil release. Under EPA's directions, Star installed an Interim Containment System 
("ICS") to control and stabilize the oil plume. The ICS is a pump-and-treat system that is made 
up of approximately 2,000 feet of recovery trenches and 65 recovery wells. The system has been 
pumping water and oil continuously to a treatment system located at the terminal since early 
1992. 

The ICS was intended to be an emergency measure to contain and stabilize the oil plume, 
but not a long-term remedy to cleanup up the contamination. On April9, 1993, EPA issued a 
unilateral administrative order ("UAO"), EPA Docket Number 111-93-003-CW-R, which required 
that Star, under EPA's oversight, perform the following major tasks: 

(1) Operate, maintain and monitor the existing ICS to stabilize the oil plume; 
(2) Furnish data to EPA to conduct human health and environmental risk assessment; 
(3) Submit a Supplemental Site Characterization report to EPA to characterize the extent 
and nature of the contamination; 
(4) Develop a Corrective Action Plan ("CAP") and propose a remedy; and 
(5) Implement EPA's approved remedy. 

To date, Star has completed the first four tasks and is awaiting EPA's decision on the 
final remedy and its implementation. EPA has completed a risk assessment of the site based on 
data submitted by Star. EPA recommends acceptance of the proposed remedy as set forth in the 

1 Oil, as used in this document, refers to petroleum free product. All terms in italic are 
defined in the Glossary. 
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CAP because it is protective of human health, welfare and the environment, and it is the best 
implementable alternative among all alternatives evaluated. Pursuant to the public comment 
requirements of the UAO, the proposed remedy as described in this SB, is subject to public 
comment. EPA will consider public comments before making its final decision on the remedy. 

II. PROPOSED REMEDY 

As a long-term remedy, EPA proposes to continue operation of the existing pump-and
treat system (ICS) in conjunction with two new components described below. The remediation 
goal is to restore groundwater at the site to drinking water standards as closely as technologically 
practicable. Section VIII provides detailed discussion of the remediation objectives, and Section 
XI provides detailed evaluation of the alternatives. 

A. Groundwater flushing: Groundwater flushing will be accomplished by means of three lines 
of horizontal wells located along the commercial strip, the Common Area, and Tovito Drive. 
The Tovito Drive horizontal well'has already been installed during the pilot testing phase and has 
been operating satisfactorily since then. The other two lines of horizontal wells will consist of 
one or more sections of wells. The exact locations will be determined in the design phase, 
taking into consideration the surface topography, and the locations of existing buildings and 
underground utilities. Tap water or treated water from the ICS treatment system will be inj'ected 
into the horizontal wells to promote flushing, biodegradation and product recovery. The system 
will be operated by remote control from the terminal. The installation of the horizontal wells will 
create short-term construction disturbances in the commercial strip and the Common Area. 
Once installed, the operation of the horizontal wells will be silent and nearly invisible. 

B. Vacuum-Enhanced Recovery (YER): VER involves applying a vacuum to existing recovery 
wells to enhance product recovery. The VER pilot test showed that this technology will likely 
be successful at some wells, but not at all wells, and any effectiveness is likely to be short-term, 
rather than long-term. The performance ofVER is expected to reach diminishing returns 
relatively quickly as soon as the oil near the well has been depleted. Since the effectiveness of 
VER is expected to be short-term and vary from well to well, a flexible approach is preferable. 
Therefore, VER will be targeted at high oil-yielding wells based on historical bailing 
performance. A mobile skid-mounted VER unit or a vacuum truck will be employed and moved 
from well to well when the r~covery rate has leveled off. There will be noise disruptions during 
VER operation, but the disruptions are expected to be short-term and localized. VER operation 
will take place in non-residential area where most high yielding wells are located. Six to eight 
wells have been initially identified for VER application. Final selection of wells and operational 
criteria will be determined in the design phase, which can be adjusted as needed based on actual 
performance experience. 
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III SITE BACKGROUND 

A. Facility Description: The 18-acre Star Terminal is one of five oil distribution companies that 
occupy the Fairfax tank farm complex. The other companies are Colonial Pipeline Company, 
Amoco Oil Company, Citgo Petroleum Corporation and Old Dominion Terminal L.L.C. 
(formerly owned by Chevron). The Star Terminal has nine 1.3 to 2.8 million-gallon above
ground storage tanks that store gasoline, jet fuel, diesel fuel and heating oil. As Star's major 
distribution center in northern Virginia, the amount of fuel distributed monthly approaches 20 
million gallons. In 1991, Star upgraded the truck loading rack with all above-ground piping to 
eliminate suspected release sources. With funding from Star, the affected community 
(Mantua/Stockbridge Community) hired an independent consultant, Clean Sites, to conduct a 
facility audit in 1992-93 to determine whether there were ongoing releases. Clean Sites 
concluded that there were no ongoing releases, and all potential leak sources identified in the 
audit were later repaired or eliminated by Star. By 1996, Star had upgraded all above-ground 
storage tanks with double bottoms; installed dikes around the terminal to prevent catastrophic 
surface releases; and removed, abandoned or replaced all underground piping and eleven small 
underground tanks with above-ground piping and tanks. 

B. Site History: The Star Terminal was built in the early 1960's and began operation in April 
1965. In September 1990, oil was discovered in Crook Branch near the Star Terminal. 
Investigation by the State Water Control Board, Fairfax County, and the City of Fairfax 
concluded that the oil originated from a storm sewer line that runs along the southern border of 
Star Terminal. After the first incident, numerous incidents of oil releases in Crook Branch and 
complaints of petroleum odor near storm sewer inlets at the Mantua/Stockbridge residential area 
were reported. At the request of the Virginia Water Control Board, EPA assumed the lead 
agency role in June 1991 and directed Star to investigate and respond to the oil releases. 
Subsequent investigations revealed a large underground oil plume that extended 2,200 feet from 
the Star Terminal in a northeast direction across Pickett Road onto a commercial strip and the 
Mantua/Stockbridge residential area. Under EPA's·direction pursuant to an Administrative 
Order by Consent for Emergency Protective Measures ("Emergency Order"), EPA Docket 
Number RCRA-3-004-IT-S, September 1991, Star took emergency measures to control the oil 
plume by placing containment booms in Crook Branch, hand bailing oil from wells, repairing 
leaks in storm sewers, and began constructing the ICS in stages. The emergency construction 
continued through September 1992 when the ICS, in its present form, was completed. The ICS 
consists of 2,000 feet of interceptor trenches and approximately 65 recovery wells strategically 
located above the plume, around the terminal, and across the front end of the plume. The ICS 
pumps oil and contaminated groundwater continuously into a treatment system at the terminal, 
and has been in operation since May 1992. The scope of the Emergency Order was limited to 
emergency measures to contain and stabilize the oil plume, rather than for long-term 
remediation. In April 1993, EPA issued the UAO which directed Star to identify a long-term 
remedy. To date, Star has completed pilot testing and detailed evaluation of alternatives to 
remediate the site. Based on that evaluation, Star has identified a remedy as set forth in the CAP. 
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C. Previous Investigations: Since the release incidents of 1990, nwnerous investigations have 
been conducted to characterize the site, the extent of contamination, the risks on hwnan health 
and the environment, and alternatives to abate the contamination. The volwne of docwnents is 
too large to be listed here. However, EPA has maintained an Administrative Record in the 
Fairfax City Library of all documents relating to this site. The public is encouraged to use this 
information for an in-depth review. EPA has referenced the following key documents in writing 
this SB: Supplemental Site Characterization, December 1993; Remedial Assessment Plan, 
March 1994; Groundwater Infiltration Pilot Study Report, June 1995; Vacuwn Enhanced 
Recovery Area-of-Influence Pilot Study Report, November 1995; Laboratory and Site 
Characterization Report, November 1995; Chevron Microbial Fence Pilot Study Report, 
February 1996; Mantua Microbial Fence Pilot Study Report, April1996; Vacuum Enhanced 
Recovery Performance Pilot Study Report, January 1997; Analysis ofPetrolewn Hydrocarbon 
Distribution in Smear zone Soils; Unsaturated Zone Biodegradation Study of Fairfax Soils, 
1994; Risk Assessment, Pickett Road Terminal Site, March 1998; and the Revised Corrective 
Action Plan, October 1997. 

D. Public Participation: Three governmental jurisdictions--Fairfax County, City of Fairfax, and 
the Commonwealth of Virginia--are involved because the plume originated in the City of Fairfax 
and extended into Fairfax County. The Virginia Water Control Board requested EPA to assume 
the lead agency role, believing that EPA would be in the best position to deal with cross
jurisdictional issues. Because the plume has migrated beyond the terminal and has affected a 
commercial strip and a residential community, the site has received a high level of public 
attention. The affected community and local governments have actively participated in the 
remediation process. EPA provided a $100,000 Technical Assistance Grant to the community to 
hire an independent consultant to review EPA's proposed remedy, risk assessment and site 
investigation work. To enhance communication, EPA has contributed articles to the Mantua 
Community Newsletters to provide periodic updates on site activities, maintained a site 
telephone hotline, assigned an on-site person from the Corps ofEngineers to monitor site 
activities and to serve as a local point of contact, scheduled public meetings to inform the 
community of major milestones, and briefed the Community Remediation Committee ("CRC") 
and the Inter-Agency Task Force ("lAG") periodically. The CRC, headed by Fairfax City Mayor 
John Mason, provided EPA a communication channel to local government officials and citizen 
groups representatives. The lAG, a work group consisting of technical representatives from the 
Corps of Engineers, City of Fairfax, Fairfax County and the Virginia Department of 
Environmental Quality, assisted EPA in the review of technical docwnents and issues. EPA 
believes that this open, full participation approach has been beneficial to the remediation process. 

IV. SUMMARY OF SITE INVESTIGATION 

A. Site Geology: A typical cross-section of the site consists of approximately 10 feet of 
unconsolidated soil and fill overlying 100 feet of semi-consolidated saprolite. Saprolite is 
disintegrated bedrock left in place, which becomes progressively less disintegrated with depth 
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until unaltered bedrock is reached. Saprolite at this site is characterized by low-permeability, 
silty clay matrix interrupted with higher permeability fractures, ranging in size from a fraction of 
an inch to several inches wide. The distribution and size of the fractures strongly influence the 
overall permeability and contaminant migration pathways. The larger fractures were found to be 
oriented in a northeasterly direction, and a low permeability geologic contact zone was found 
along the southeastern boundary of the plume. It is this natural variation of the fractures that is 
believed to have skewed the orientation of the oil plume to the northeast direction. 

B. Surface Water: Surface drainage has been altered by urbanization. Storm water at the site is 
collected by storm drains and sewers which discharge to Crook Branch. Crook Branch originates 
near the southeast comer of the Star Terminal and a small tributary runs along Prince William 
Drive within the Mantua/Stockbridge residential area. Runoff in the diked portion of the Star 
Terminal is pumped into an onsite retention pond, which discharges to the headwater of Crook 
Branch via a storm sewer in accordance with a Virginia Pollution Discharge Elimination System 
permit. The storm sewers at the site had altered the natural migration pathways of the oil plume. 
The oil release was first discovered in Crook Branch at the outfall of a sewer line which drains 
the Star Terminal and the abutting Fairfax City Mall area. Due to interception of the oil by the 
storm sewers via backfill, cracks and joints, the oil plume was prevented from extending farther 
south. Other storm sewers in the residential area had affected the plume by acting as preferential 
pathways or releasing vapor to the surface via storm inlets, resulting in complaints of petroleum 
odor in the past. All leaking storm sewers have now been identified, repaired and sealed. With 
routine inspection and maintenance, these storm sewers are not expected to cause problems in the 
future. 

C. Groundwater: The water table matches roughly the surface topography. It slopes down 
gradient to the east across the majority of the site, to the southeast along the southern border of 
the terminal, and to the northwest in the northwest quadrant of the terminal where a topographic 
plateau and a water table divide exist. Depth to water table across the site ranges from 10 to 15 
feet at Convento Terrace, 10 to 30 feet in the Common Area, 20 to 25 feet in the commercial 
strip, and 5 to 20 feet in the terminal. The seasonal fluctuation of the water table ranges from 
approximately 3 feet in low lying areas to approximately 10 feet in the terminal upland area. The 
operation of the ICS has lowered the water table and reduced the extent of natural fluctuation in 
impacted areas. Following the water table gradients, groundwater flows naturally towards the 
east across the majority of the site, towards the southeast along the southern border of the 
terminal, and towards the northwest in the northwest quadrant of the terminal. Flow occurs 
mainly along fractures, because the tight saprolite matrix is not very conducive to fluid flow. 
Despite predominantly easterly flow directions, the oil plume is oriented to the northeast 
-coinciding with the orientation of the major fractures and the geologic contact zone. Recharge to 
groundwater occurs in all unpaved areas, but most significantly in the tank farm area. The tank 
farm is situated on a topographic plateau and groundwater divide, where natural soil and 
vegetation have been replaced by pervious fill and gravel. The tank containment berms and 
terminal boundary dikes further retain storm water and promote recharge. 
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D. Extent of Surface Water Contamination: Although oil from the plume had impacted Crook 
Branch between 1990 and 1993, it has not impacted Crook Branch since 1994 after 3,250 feet of 
storm sewers had been repaired, grouted, and relined between 1991 and 1994. Water samples 
collected from Crook Branch showed improvement in quality over time consistent with storm 
sewer repairs. The samples collected after 1994 showed that the creek water was essentially free 
of petroleum contamination, although the sediments remained contaminated. Crook Branch is a 
small creek with a fast water tum-over rate. The creek water tends to clean itself relatively 
quickly once the contamination sources have been removed. The creek sediments, however, 
remain contaminated with heavier hydrocarbons which tend to be soil bound. An unquantifiable 
fraction of that sediment contamination originated from surface runoff unrelated to the plume. 
Urban runoff has been, and will continue to be, a source of contamination to Crook Branch. 

E. Extent of Groundwater Contaminations: 

(1) Phase Separated Hydrocarbon Plume - The phase separated hydrocarbon is referred 
to in this document as oil, product or free product. The oil plume extends approximately 1,800 
feet from the Star Terminal loading rack in a northeasterly direction, across Pickett Road and the 
commercial strip, onto the Stockbridge/Mantua residential area. The composition of the oil 
varies slightly from location to location, but typically consists of less than 10 percent gasoline 
and over 90 percent middle distillates (diesel and jet fuel). The volume of the release cannot be 
determined with certainty because the amount of oil in the subsurface cannot be measured 
directly. The observed thickness of oil in a monitoring well is a poor indicator of the true amount 
of oil in the soil, frequently overestimating the true amount by an irregular factor of2 to 10 
depending on many seasonal, hydrogeological and well construction factors. Recognizing this 
uncertainty, the initial volume of release has been estimated by various sources to range from 
100,000 to 300,000 gallons. To date, over 36,900 gallons of oil have been recovered. The oil 
plume has been monitored intensively since 1991 by periodically measuring the apparent 
thickness of oil in more than 200 monitoring wells. Over the years, the lateral extent of the oil 
plume has been stable, and the overall thickness has been shrinking, which can be attributable to 
the operation of the ICS and hand bailing efforts. In addition to the main oil plume, two small oil 
(less than one acre) plumes were identified in the northwest quadrant of the terminal and beneath 
the Colonial Pipeline property. These small plumes, unlike the main plume, contain a high 
proportion of light distillates (gasoline) and apparently have originiated from different sources. 
These small plumes have migrated to the northwest and joined the Colonial Pipeline plume. 
Under supervision by the Virginia Department of Environmental Quality, the Colonial Pipeline 
Company and Star Enterprise are remediating the Colonial Pipeline plume jointly using VER 
technology. 

(2) Dissolved-Phase Hydrocarbon Plume - The oil in the main plume is largely insoluble. 
Of the soluble portion of the oil, less than one percent consists of benzene, toluene, ethylbenzene 
and xylenes (BTEX) compounds. Less than 5 percent of these BTEX compounds have dissolved 
in groundwater, forming a dissolved phase plume underneath the oil plume. This minute 
fraction of BTEX has polluted a large volume of groundwater, rendering it unsuitable for 
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drinking purposes for many years. The lateral extent of the dissolved phase plume is larger, but 
typically less than 50 feet wider, than the oil plume. In light of the potential risks of cross 
contamination, relatively few deep wells have been constructed within the oil plume boundary 
for the purpose of defining the vertical extent of the dissolved phase plume. With limited data 
points, the concentrations of the dissolved phase constituents ( BTEX) were observed to decrease 
with depth from effective saturated solubility levels to non-detectable levels within 50 feet of the 
oil water interface. Several bedrock wells were constructed downgradient of the oil plume 
boundary to determine whether the dissolved phase constituents might have migrated into 
bedrock. No significant levels of dissolved phase constituents were detected in these bedrock 
wells. It can be generalized that the extents of the dissolved phase plume are limited to 50 feet 
beyond the oil-water interface, both vertically and horizontally. 

F. Extent of Soil Contamination: The oil is trapped in the saprolite pore spaces and fractures. A 
portion of the oil adheres to the soil grains strongly, and is immobile under gravitational force. 
The mobile portion of the oil migrates to groundwater under gravity, and once reaching 
groundwater, it continues to migrate laterally with moving groundwater. As the oil moves with 
groundwater and the water table fluctuates seasonally, it contaminates an ever increasing volume 
of soil and becomes less mobile. The oil-contaminated soil is referred to as the smear zone. The 
smear zone extends between the historical high and low water table positions except in the 
terminal source area, where it extends from near-surface release sources to historical low water 
table position. The thickness of the smear zone ranges from 6 to 14 feet within the terminal; 6 to 
20 feet in the Commercial strip and Common Area; and 6 to 12 feet in the residential area. The 
Total Petroleum Hydrocarbons (/'PH) concentration in the smear zone averages 750 mg/kg 
inside the terminal, 100 mg/kg in the northern half, and 670 mg/kg in the southern half of the 
plume area outside the terminal. The oil is more mobile in the. fractures--the larger the fracture, 
the greater the mobility--than in the minute pore spaces. This may explain ·the northeasterly 
orientation of the oil plume coinciding with the principal orientation of the major fractures and 
the geologic contact zone. The mobile oil is recoverable by conventional bailing and pumping; 
the immobile oil is unrecoverable. After 36,900 gallons of oil have been recovered to date, the 
smear zone is left with mostly immobile oil, which can only be removed by non-conventional 
technologies. 

V. SUMMARY OF HUMAN HEALTH RISK ASSESSMENT 

EPA has performed a human health risk assessment to evaluate the risks posed by the site 
under current and hypothetical exposure scenarios. The full report, " Risk Assessment, Pickett 
Road Terminal Site, April1998," is available for review in the Administrative Record. 

A. Contaminants Of Concern: The nature of the petroleum products released to the subsurface 
at the site has been determined to consist of equal portions of diesel fuel and aviation fuel, with 
one to seven percent of gasoline. Concentrations of fuel oils and their derivatives are often 
measured as Total Petroleum Hydrocarbons (/'PH). Fuel oil concentrations reported as TPH 
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crumot be used to assess risk, because TP H represents a variable mixture of chemicals to which 
no definitive toxicity value can be assigned. Thus, for the human health risk assessment, an 
indicator compound approach was utilized in which the concentrations of certain individual 
constituents of the hydrocarbon mixture are evaluated. These constituents include some of the 
most toxic components of fuel oil mixtures, insuring that a conservative estimate of risks will 
result. These indicator compounds described in the report as chemicals of concern (COCs) 
include benzene, ethylbenzene, toluene, xylene, methyl tertiary butyl ether (MTBE), and 
polynuclear aromatic hydrocarbons (PAHs). 

B. Exposure Scenarios: Under current conditions, exposure to contaminants in subsurface soil 
and Crook Branch surface water and sediments is possible. Adult residential exposure to 
subsurface soil via inadvertent ingestion and dermal contact was evaluated in the risk assessment. 
Child residential exposure to Crook Branch surface water and sediments via inadvertent 
ingestion and dermal contact was also evaluated. 

Under current conditions, inhalation exposure to releases from the air stripper operating 
on the facility property was evaluated for adult and child residents and for on- and off- facility 
occupational receptors. Inhalation exposure to vapors that may potentially migrate from the 
phase-separated hydrocarbon plume into basements was also evaluated for adult and child 
residents. 

Groundwater beneath the plume is not currently used as a source of drinking water, but 
has the potential to be used for consumption. Thus, there is no current actual exposure to 
contaminated groundwater. Hypothetical exposure to groundwater by adult and child residents 
was evaluated, including ingestion, inhalation, and direct contact routes. 

The EPA risk assessment adopted a fundamental exposure assumption that the current 
conditions will not change with time. This implies that the media concentrations will remain 
constant, the assumed exposure pathways will stay the same, and that the remediation system 
will continue to operate. In reality, the conditions are expected to improve over time because the 
media concentrations will continue to decline in response to active and natural remediation. 

C. Risk Quantification: Based on standard EPA assumptions,2 risks to human health were 
quantified. Numerical cancer and non-cancer risks are listed in Tables 1 to 5 by medium. Since 

2 Standard conservative exposure factors were used to quantify human health risks in 
accordance with: (a) "Risk Assessment Guidance for Superfund" (EP A/54011-89/002), 
(b) "Human Health Evaluation Manual, Supplemental Guidance: Standard Default Exposure 
Factors" (EPA OSWER Directive 9285.6-03), and (c)"Dermal Exposure Assessment: Principles 
and Applications" (EPA/600/8-91/011B). Contaminant-specific cancer slope factors or 
reference doses were obtained from EPA's Integrated Risk Information System data base (1997). 
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