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1.0 INTRODUCTION

1.1 Overview

This Feasibility Study (FS) Report for the Virgin Island Chemical (VICHEM) Site, St. Croix,
U.S. Virgin Islands, has been prepared by Golder Associates, Inc. (Golder), on behalf of Berlex
Laboratories, Inc. (Berlex) and Pharmacia & Upjohn Company (P&U). The FS Report is
submitted in accordance with the requirements of the 1994 Administrative Order on Consent
(AOC) entered between the U.S. Environmental Protection Agency (USEPA), Berlex, and others.
The FS builds upon the results of the Remedial Investigation (RI) for the Site, conducted
principally by Harding Lawson Associates (1995 to 1997) and McLaren/Hart (M/H) (1997 to
2000), as well as a Treatability Study conducted by M/H in Spring 2000.

5 The purpose of the RI/FS process is to gather sufficient information to support informed risk

management decisions and enable USEPA to select a remedy that will be protective of human
health and the environment, consistent with the National Contingency Plan (NCP). Specifically,

the primary objectives of an FS are to:

¢ develop a sound Conceptual Site Model, including the nature, extent, fate and transport 6f

contanmnation,

e support the identification of preliminary remediation goals (PRGs) for the media that
have been identified as impacted with constituents of concern (COCs);

o develop general response actions (GRAs);

e identify, screen, and select remedial technologies and process options applicable to the
impacts associated with the Site; and

e develop and analyze potential remedial action alternatives for the Site.

The FS screening and a preliminary evéluation_of alternatives was conducted and summarized in
a Feasibility Study Technical Memorandum (FS Tech Memo) submitted in March 1999 (M/H,
1999). This FS Report includes the results and conclusions of the FS Tech Memo, as modified by
USEPA’s comments, together with focused development of remedial alternatives and the detailed

evaluation of these alternatives against the criteria contained in the NCP.

Golder Associates
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The remainder of the FS Report is organized as follows:

e Section 1 provides a brief background of the Site setting, operational history, and
regulatory history;

e Section 2 provides the Conceptual Site model, including a characterization of the Site-
specific and regional geology and hydrogeology. The model includes a discussion of the
nature and extent of soil and groundwater contamination at the Site, and summarizes the
resulting risks as defined in the Risk Assessment included in the Revised Final RI Report
(2000);

‘e Section 3 describes the Remedial Action Objectives for the Site, which are used to
develop and evaluate Site-specific remedial alternatives. This section also includes a
discussion of preliminary remedial goals based on applicable or relevant and appropriate
requirements (ARARS) and other “To Be Considered” (TBC) standards;

e Section 4 provides a discussion and summary of the general response actions, screening
of technology and process options, and development and screening of alternatives based
upon the previous FS Tech Memo; -

e Section 5 provides a detailed description of the remedial alternatives that were retained
for further analysis;

e Section 6 contains a listing and brief description of the seven NCP evaluation criteria
considered in this FS; and,

e Section 7 provides a detailed and comparative evaluation of each of the retained
alternatives, including analyses against each of the criteria defined in Section 6. Cost
estimates for each alternative are also included.

1.2 Site Description and History

Site Description

The VICHEM Site is located on Plot 13Q of Estate Bethlehem Middie Works in the south-central
portion of St. Croix in the U.S. Virgin Islands (see Figure 1). Site access is via Route 66, which
traverses the island east and west and abuts the south-southwest boundary of the Site. The Site is
bordered to the north and east by an intermittent stream, the River Gut, which originates north of

the Site and drains to the Caribbean Sea.

Land use surrounding the VICHEM Site includes a mix of commercial and industrial purposes.
A water service company and an undeveloped lot exist immediately to the west and northwest of
the Site. A concrete batch plant and two automobile repair shops are located east-northeast of the

Site, on the opposite side of the River Gut, while two paving companies are located north-

Golder Associates
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northwest of the Site across the River Gut. The Henry Rohlsen Airport is situated approximately
1500 feet south of the Site with a prison 0.25 miles to the northwest. Two residential properties
are located approximately 0.33 miles north and 0.75 miles northwest of the Site, respectively
(M/H, 2000).

The VICHEM Site itself was initially developed during the early 1970’s and a variety of
pharmaceutical manufacturing and blending operations, under a number of different corporate
entities, occurred until 1982. However, specific timeframes for the operation of the
manufacturing pfbcesses are uncertain. In general, toluene, pyridine, and quinidine (chemicals
used by many of the occupants) represent the historically largest volume spills or other releases at
the Site. The Site is owned by the Charles H. Steffey Holding Corporation and is currently

abandoned and overgrown with heavy vegetation. A chain-link fence was installed in Spring

: 2000 to encompass the Site boundary and secure the area. A layout of the Facility is shown on

Figure 2. Several structures remain on-site, including:

laboratory/warehouse building ;

maintenance building;

nine reportedly empty (M/H, 2000) aboveground storage tanks (ASTs) identified as T-3
through T-11, an unlabeled AST, and eleven concrete pads at former AST locations;
production area;

stainless-steel and glass reactor areas;

loading dock (former location of laboratory pit);

concrete storage pad adjacent to the loading dock and next to the scalehouse;
cooling towers;

generator building;

generator and fire pump building; and

one 250,000-gallon fire water AST.

Two storm drains are located on-site. The Central Storm Drain runs beneath the paved area
between the laboratory and maintenance buildings. The Southern Storm Drain, where observed,
is a concrete-lined depression along the southern wall of the maintenance building and the edge
of the reactor area. Both storm drains discharge to the River Gut (M/H, 2000). Two former
production wells, P-1 and P-2, are also located on Site as shown on Figure 3. P-1 was sealed

during RI activities in Spring 2000.

Further details about the Site, its operational history, and surrounding land and water use are

included in the Revised Final Remedial Investigation Report (2000).

Golder Associates
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Site Regulatory History

In October 1982, EPA was notified of the facility’s impending closure and off-site removal of
waste materials. Between 1984 and 1991, several investigations were conducted at the Site by
USEPA, Island Chemical Company, and the VICHEM Company. The following six areas of

environmental concern were identified through this investigative work:

Laboratory and Warehouse Building;

AST Area;

Former Process Pit (FPP) Area;

Loading Dock/Former Laboratory Pit Area;

Soil Beneath Concrete Pad Near ASTs (northern corner of the Site); and
Concrete Storage Pad (north of the Laboratory and Warehouse Buildings).

{

. During the initial assessment stages of the VICHEM Site by the regulatory agencies, several

response activities were conducted by both USEPA and Berlex. These activities included soil
excavation with on-site treatment (e.g., drying trays) or off-site disposal, drum removals, and off-

site disposal of the AST contents ( 2000).

The VICHEM Site was placed on the National Priorities List (NPL) on January 18, 1994. On
October 6, 1994, the U.S. Environmental Protection Agency (EPA) entered into an
Administrative Order on Consent (AOC), Index No. II CERCLA-94-0401, with Berlex, one of
the Respondents to the AOC. Pursuant to Section 106(a) of the Comprehensive Environmental
Response, Compensation, and Liability Act (CERCLA), as amended, 42 ﬁ.S.C. §9606(a), the
AOC required the performance of a Remedial Investigation/Feasibility Study (RI/FS) at the Site.

Golder Associates
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2.0 CONCEPTUAL SITE MODEL

Four phases of RI field work took place between 1995 and 2000 to further assess potential
impacts in the previously identified areas of concern. The Phase IV RI work was supplemented
in Spring 2000 with the abandonment and replacement of former Production Well P-1 (Golder,
2000). Based upon the results of the RI (M/H, 2000 and Golder, 2000), a Conceptual Site Model
has been developed that includes the geology, hydrogeology, nature and extent of contamination,

and exposure pathways/risks.
2.1 Site Geologic / Hydrogeologic Model

Physical Setting

The Site is located in the southern lowland valley portion of the River Gut, which is the largest

" intermittent stream on St. Croix (M/H, 2000) encompassing a drainage area of approximately 11

square miles. The Site falls entirely within the 100-year floodplain of the River Gut, as mapped
by the Federal Emergency Management Agency. In the vicinity of the Site, the River Gut
extends across the southern plain of St. Croix, and at its confluence with the Bethlehem Gut
(located approximately 800 feet to the southeast of the Site), it becomes the Fair Plains Gut. All
of the stream channels in the drainage basin are identified as intermittent. The River Gut drains
to the Caribbean Sea, via the Fair Plains Gut and Manning Bay, located approximately one mile

southeast of the Site.

In the vicinity of the Site, topographic ridges are present to the southwest and northeast of the
Site. These ridges rise to an elevation of approximately 200 feet mean sea level (MSL). The
existing land surface elevation at the Site ranges from approximately 30 feet MSL in the
southwestern portion of the Site to approximately 40 feet MSL in the northeastern portion. The
land surface bordering the east-northeast Site boundary slopes steeply downward approximately

12 to 15 feet into the River Gut.

A comparison was made of present topographic contours to those from 1963 (i.e., prior to Site
development). The current ground surface at the Site has been regraded from its original
topography by as much as five feet in some areas (e.g., eastern corner of Site and the FPP area).

In addition, the relocation of the course of the River Gut is clearly evident.

Golder Associates
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Regional Geology and Hydrogeology
St. Croix is underlain by rocks of Cretaceous to Pliocene Age. Structurally, the island is basically

comprised of parallel fault-blocked ridges trending northeast to southwest. Superimposed on

-n-‘-

these structures is a northeast- to southwest-trending, trough-like sedimentary basin. The older
volcaniclastic and igneous intrusive rocks outcrop in the northern and eastern highland areas of
the island. The central basin is underlain by the Jealousy Formation (Pliocene), which is overlain
by the Kingshill Formation. The Kingshill Formation consists of a carbonate sequence of variable
texture and composition. The interbedded lithologies of the Kingshill Formation include a sandy
to conglomerate marl composed of terrigeneous material and calcareous skeletal debris, indurated
chalks , and calcareous sandstones. The chalks and marls are the dominant lithology types of the

Kingshill Formation (M/H, 2000).

" Recent Alluvial deposits mantle much of the area underlain by the Kingshill Formation. The
maximum thickness of the Alluvium is estimated to be approximately 100 feet at the mouth of the
River Gut. The Alluvium is composed mostly of montmorillonite clay of low permeability. In
certain locations, it is difficult to distinguish the Alluvial clay from the underlying marl of the
Kingshill Formation. Interbedded with the clays are thin (two to four feet) lenses of terrigeneous
sand and gravel. The coarse material is more prevalent in the river valleys, but the layers of

coarse material are isolated and limited in horizontal extent (M/H, 2000).

The Kingshill Formation is considered the principal water-bearing deposit on St. Croix. The
maximum saturated thickness of the Kingshill Formation is 200 feet, and in some areas, where
the entire formation is screened, it can yield as much as 100 gallons per minute (gpm). In general,
however, the Kingshill Formation is a poor-producing formation due to its fine-grained texture

and high total dissolved solids (TDS) and chloride content.

The Alluvium is tapped by many private and public supply wells and is the principal aquifer in
the Fair Plains, Golden Grove, and Adventure well fields. Like the Kingshill Formation, yields
within the Alluvium are highly variable. Due to the stratigraphic nature of the Alluvium (i.e.,
interbedded clay and sands), hydraulic conductivity contrasts between beds result in greater
horizontal than vertical hydraulic conductivity, with the Alluvium typically exhibiting confined or
semiconfined aquifer conditions. This is especially prevalent in the deeper deposits; whereas the
shallow, coarser material found near the River Gut may exhibit unconfined properties (M/H,

2000).

Golder Associates
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Site Geology
The Site geology is characterized by approximately 85 feet of fill and Alluvial material overlying

the clayey marl of the Kingshill Formation. Figure 3 presents the location of the existing Site -

monitoring wells and the location of the geologic cross—section. Figure 4 presents a geologic
cross-section across the Site and indicates the interpreted original ground surface based on the
historic topography and interpreted from the lithologic descriptions contained in boring logs.
Much of the fill appears to be reworked natural material and so its composition is very similar to
the Alluvium described below. The Alluvium at the Site is comprised of olive brown sandy-clay
to sandy-silt, to c‘lvayey-sand with occasional amounts of clayey-gravel and sand in the upper 30 to
40 feet. Between a depth of approximately 30 feet to 60 feet, the Alluvium is comprised mainly

of a medium brown to gray clay with only occasional trace fine sand and gravel. From

~ approximately 60 feet to 90 feet, the Alluvium consists of silty-clay and sand to medium to coarse

' sand and clay. A cobble zone was intercepted between an elevation of -39 feet MSL and —45 feet

MSL in monitoring wells MW-7, MW-8 and MW-9. At each location, this zone appeared to be
approximately 2 feet thick. Beneath the Alluvium, the Kingshill Formation was intercepted at
several deep borings across the Site including MW-12 and MW-14. At these locations, the
contact between the Alluvium and the Kingshill Formation is not well defined, however below

approximately 100 feet bgs, the Kingshill Formation is described as a light brown to white clay.

Site Hydrogeology

The water table is typically encountered approximately 10 to 30 feet below ground surface and is
subject to significant fluctuation due to seasonal changes and precipitation. Based on the
groundwater data presented in the Revised Final RI Report (2000) there are two distinct water
bearing zones within the Alluvium. The hydrographs presented in Figures 5 and 6 present data
collected at shallow/deep well pairs MW-2 and MW-7 in the FPP Area, and MW-6 and MW-8 in
the AST Area. Hydrographs for these well pairs are presented for the period from January 22,
1998 to February 11, 1998. At each location, the hydrograph for the deeper wells (i.e., MW-7
and MW-8) clearly show a response to off-site pumping, which appears to cycle on and off on a
daily basis. In contrast, the shallow wells at each location show a general decline in head over the
monitoring period, but with no response to pumping. Similarly, during the development of deep
well MW-9, no drawdown was observed in the adjacent shallow well MW-4 (M/H, 2000). This
information demonstrates that the Alluvial clay acts as an aquitard such that the upper and lower

water bearing zones within the Alluvium are not in hydraulic communication within the Site area.

Golder Associates
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Interpreted groundwater elevation contours for the shallow and deep Alluvium (October 21,
1998), as presented in the RI Report, are shown in Figures 7 and 8. For comparison, interpreted
groundwater elevation contours for more recent data, under high groundwater conditions, are
shown on Figure 9 (January 31, 2000), and Figure 10 (March 6, 2000). These figures show the
predominant flow direction within the upper Alluvium is generally southward in the central part
of the Site, consistent with the results of earlier RI investigations. As indicated in Figures 9 and
10, in the immediate vicinity of the AST area, flow is initially towards the east and south away
from the vicinity of MW-6. The easterly component of flow is not significant and likely only
results in an easferly groundwater flow component of approximately 100 to 150 feet before the
predominant south-southeasterly flow direction returns. It is notable that this easterly flow

direction does not occur under the highest groundwater conditions (i.e., November 30, 1999), or

for the majority of measured events presented in the RI Report, indicating that this is a transient

phenomenon.

Interpreted groundwater elevation contours for the deep Alluvial zone are shown on Figure
11(March 6, 2000). This figure shows a flow potential within the deeper Alluvium as generally
southeasterly. The previous Rl investigations indicate that the deep zone exhibits a generally

southerly flow potential, similar to that of the shallow zone (M/H, 2000).

Horizontal hydraulic gradients in the upper Alluvium in the AST area ranged from approximately
0.002 feet per foot [ft/ft] to 0.008 ft/ft, with an average value of 0.006 ft/ft. In the FPP area,
horizontal hydraulic gradients ranged from 0.009 ft/ft to 0.014 ft/ft with an average of 0.012 ft/ft.
Horizontal hydraulic gradients within the lower Alluvium were slightly lower ranging from 0.003

ft/ft to 0.014 ft/ft.

Vertical hydraulic gradients between the upper and lower Alluvium are consistently downward.
In the AST area, the vertical hydraulic gradients ranged from -0.005 ft/ft to -0.09 ft/ft. In the FPP
area, the vertical hydraulic gradients ranged from -.008 ft/ft to -0.11 ft/ft.

Slug testing was completed in numerous wells at the Site throughout various phases of the Rl in
the shallow and deep Alluvium, and the Kingshill Formation. Within the AST area, the
geometric mean hydraulic conductivity on the shallow Alluvium is 6.3x10™ cm/sec, and in the

FPP area, the geometric mean conductivity is 5.9x10™ cm/sec for the same unit.

Golder Associates
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In summary, the Site hydrogeology is characterized by the presence of a largely unconfined to
semi-confined shallow (uppermost) Alluvium aquifer with a predominant flow direction to the
south-southeast. Underlying the shallow aquifer is an aquitard or aquitards, comprised of a stiff
clay which confines the lower Alluvium and acts as a significant hydraulic barrier isolating the
upper Alluvium from the lower Alluvium aquifer and the underlying Kingshill Formation. The

lower Alluvium aquifer exhibits a predominant flow direction to the southeast.
2.2 Nature and Extent of Contamination

Soil samples from approximately 100 borings and groundwater samplés from about 45 temporary
and permanent wells were analyzed for Target Compound List Volatile Organic Compounds

(VOCs) and Semi-volatile Organics (SVOCs), Target Analyte List metals, and field parameters

. during the RI. The following sections summarize the nature and extent of contamination, defined

by this program. Discussion is focused on those constituents that exceed background, USEPA
Soil Screening Level (SSL) concentrations' or risk-based concentrations (RBCs) where SSLs
have not been established, for soil and Maximum Contaminant Levels (MCLs) for groundwater.
A more comprehensive presentation and analysis of all detected concentrations is contained in the
RI Report. Areas of concern originally identified for the Site included the Former Laboratory Pit

Area and Former Drum Areas; the RI data established that these areas were not in fact impacted.
2.2.1  Soil Quality

Surface soil in the AST Area shows evidence of VOC contamination at relati.vely low levels
(e.g., 30 ppb). Subsurface Soil in the AST Area is impacted by ethylbenzene and xylenes at
depths up to 24 feet below ground surface (bgs). Concentrations of ethylbenzene and xylenes
exceeded MGW SSLs. The portion of the AST Area impacted by ethylbenzene and xylenes in
subsurface soil is shown on Figure 12, where the majority of the contamination is located in the

former vicinity of Tanks 7, 8, and 9

Shallow soil sainples from the FPP Area are not impacted, however, chloroform was detected at
levels up to 410 ppb (estimated values) in soil samples between 21 ft to 27 ft bgs at or below the
groundwater table. The assumed zone of chloroform impacts in the FPP Area encompasses a 5-

foot interval (approximately 20 to 25 feet bgs) within a 400 square-foot surface area (M/H, 2000).

Golder Associates

[

400014



L Ill‘lrIl M N =N au . Il- lil’ G aE I s " e -II“III -l

June 2001 -10 - 003-6016

Pentachlorophenol and isophorone were also detected in surface soils above the MGW SSL.
However, pentachlorophenol was not detected in groundwater and was not consequently
considered to be of concern. Isophorone, which was detected in the Southern Storm Drain above
the MGW SSL, was eliminated as a surface soil concern in the Human Health Risk Assessment
(HHRA) because of its minor contribution to carcinogenic/non-carcinogenic risk for exposure to

groundwater (M/H, 2000).

Methylene chloride concentrations previously reported in Site soil samples are artifacts resulting
from blank contamination (laboratory method blanks, field blanks, and trip blanks) and do not
represent field conditions. Therefore, methylene chloride should not be considered a Constituent

of Concern (COC) for the Site. A detailed explanation follows:

e In past data validation reports, blank action levels were not properly calculated. The
blank action levels must include trip blanks and field blanks in addition to method blanks.
Previous data validators attempted to isolate samples by method blanks and did not use
the other quality control (QC) blanks in calculating action levels. Since methylene
chloride and acetone are common laboratory contaminants, it is inappropriate to rely on
one method blank for assessing potential contamination.

e Previously, blank action levels were not applied correctly. Many soil and groundwater
samples were highly diluted due to concentrations of other constituents in the sample
matrix. In such cases, the data validator must adjust the blank action levels by the
dilution factor. Since this was not done, blank contaminants were erroneously reported
as detected constituents in these samples.

¢ Previously, results attributable to blank contamination were not properly qualified. In
accordance with USEPA Region Il data validation Standard Operating Procedures
(USEPA 1996), results that are attributable to blank contamination should be qualified as
non-detect (“U”) and treated as such. Results below the sample quantitation limits
(SQLs) should be changed to the SQL and qualified as U. Results above the SQL are not
changed and are qualified as U. In either case, the constituent should have appropriately
been considered as undetected in the sample.

The methylene chloride and acetone data presented in the Final RI Report (M/H, 2000) showed
results below the Contract Required Quantitation Limit that were neither changed to the SQL nor
correctly qualified. Qualifiers of “BJ”, “B” or simply “J” were used rather than the correct
qualifier, which is “U.” Examination of these data by Golder revealed that methylene chloride is

not present in groundwater or soil, and that acetone detections are limited to low levels. Acetone

!'SSLs were established using a Dilution and Attenuation Factor (DAF) of 20 in the RI, subsequent
comparisons use a DAF of 10 as agreed with USEPA. Subsurface soil data was also compared to
Migration to Groundwater (MGW) SSLs.
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was detected in thirteen samples at concentrations ranging from 17 ppb to 580 ppb. However,
these data are below the soil screening level and acetone should therefore not be considered a
COC for the Site. Regardless, the inclusion or exclusion of acetone and methylene chloride data

does not materially affect the Risk Assessment results.

Background levels of arsenic in surface soil range from 0.7 parts per million (ppm) to 1.3 ppm.
In general, arsenic detections in surface soil, soil/sediment from the Gut System, and subsurface
soil samples were consistent with the background screening criterion of 1.64 ppm except for two
surface soil sampjes from the Central Storm Drain that had arsenic at 3.7 ppm and 8.8 ppm. These
levels (including background) exceed the arsenic soil screening level (SSL) for ingeétion of 0.4

ppm. Arsenic also exceeded this SSL (at a concentration of 0.87 ppm) in the Southern Storm

Drain.

" Background levels of chromium in surface soil range from 9.8 ppm to 13.6 ppm. In general,

chromium detections in surface soil samples did not exceed the background screening criteria
except for a sample from the Central Storm Drain that contained chromium at 32 ppm. The

detected concentrations of chromium, however, did not exceed any SSLs.

Surface soil samples in some areas of the Site (e.g., the AST Area) exhibited concentrations of
iron and manganese (naturally occurring minerals) greater than background levels. As noted in
Section 2.1, some areas of the Site contain fill which was used for regrading. However, since fill
had not likely been placed in the areas where background samples were collected during the R1,
background fill concentrations of iron and manganese are not known. Several samples exceeded

the MGW SSL for iron and manganese.

Other metals detected in surface soils and which were classified as COCs include vanadium and
zinc. Based on a comparison to MGW SSLs and groundwater data, no SVOCs or metals detected

in subsurface soils were considered to be of significant concern.
2.2.2  Groundwater Quality

In general, the following VOCs were detected above Maximum Contaminant Levels (MCLs) in

groundwater: ethylbenzene, total xylenes, and chloroform. Several metals (antimony, arsenic,
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barium, chromium, iron, lead, manganese, vanadium) were detected in groundwater but did not

generally exceed MCLs (M/H, 2000).

Shallow groundwater in the AST Area exhibits contamination by ethylbenzene and xylenes in
excess of MCLs. Groundwater isoconcentrations for the 1998 data (reflecting the maximum
concentrations detected) are provided on Figures 13 and 14. Current concentrations are reduced,

as measured in the Spring 2000 sampling event, and are noted on the figures.

Shallow groundWater in the FPP area contains chloroform at concentrations in excess of MCLs’.
Groundwater isoconcentrations for the 1998 data (reflecting the maximum concentrations

detected) are provided on Figure 15. Current concentrations are generally lower, as measured in

the Spring 2000 sampling event, and are noted on the figure. Concentrations up to 4 ppm were

" detected in a geoprobe sample located near the Former Process Pit in 1998. Shallow well MW-2,

in the same area, exhibited a chloroform concentration of 2.4 ppm during the March 1998
sampling event. However, the current concentration of chloroform in this well, as measured

during the Spring 2000 event, was two orders of magnitude lower.

In the deep Alluvial groundwater, MCLs have not been exceeded at any wells. No SVOCs have
been detected in the .deep Alluvium or the Production Wells P-1 and P-2. The Kingshill
Formation groundwater, characterized by wells MW-12 and MW-14 and Hydropunch samples,

does not exhibit concentrations of any Site Target Compounds above MCLs.

Arsenic has been sporadically detected in groundwater on Site. The March and January 1998
sampling events were the most recent events in which metals samples were collected. During
these events, arsenic was detected in wells MW-3, MW-7, and upgradient well MW-10°, with the
highest concentration in MW-10. Arsenic levels did not exceed the MCL of 50 ppb.

Likewise, the highest concentrations of chromium and lead during the January and March 1998
sampling events were detected in upgradient well MW-10. Total lead was detected above its

Treatment Technique Action Level (TTAL) of 15 ppb twice in MW-5, at concentrations of 17

% The MCL for total trihalomethanes is 100 ppb. In the 1994 Proposed Rule for Disinfectants and Disinfection By-
Products, a total THM number of 80 ppb was proposed. In the Final RI Report, a value of 80 ppb was used as the
screening criteria. .

* References to “upgradient” well MW-10 here and elsewhere signify that MW-10 was upgradient at the time of
sampling, based on water level measurements taken at the time of the sampling event.
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and 20 ppb. Total lead was also detected above the TTAL in one sample at MW-10, at a
concentration of 50.7 ppb. However, lead was not detected in monitoring wells MW-1 and MW-
6 during the same sampling event. Antimony was quantified at 6.2 ppb in one sample at MW-6,
which is slightly above the MCL of 6 ppb. No other samples exceed the MCL for antimony.

2.3 Natural Attenuation

2.3.1 General

The reduction in contaminant mass, concentration, volume, mobility or toxicity which has been
identified as the basis of the natural attenuation of contaminants in groundwater can occur

through a number of physical, chemical and microbiological processes. The dominant attenuating

process within a contaminant plume will depend on given site conditions and on the interaction of

* the major contaminant with other co-existent contaminants. The term ‘natural attenuation’ is,

however, commonly used interchangeably with the idea of biodegradation and the remediating
effects of microbes. Specific lines of evidence are assessed to determine the extent of natural
attenuation at a particular site. These include comprehensive site wide analysis of the
biogeochemistry of the groundwater system and fate and transport modeling studies to confirm

and quantify the rates of remediation by natural attenuation.

The following natural attenuation analyses have been performed for the VICHEM Site:

e An evaluation of natural attenuation processes within the aquifer to delineate areas of
aerobic and anaerobic conditions, and identify the natural attenuation mechanisms
occurring within the aquifer using natural attenuation indicator parameter data from site-
specific sampling;

e A trend analysis of select constituents to document the decrease in concentrations over
time at locations both downgradient of the Site as well as near source areas; and,

-  Solute transport modeling, using 1- and 2-dimensional (1D and 2D) analytical models, to
estimate contaminant mass reductions with time downgradient of the contaminant
sources.

The following sections provided an analysis of each of these three lines of evidence.
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2.3.2 Assessment of Natural Attenuation Processes

Aromatic Compounds Biodegradation Mechanisms: AST Area

The biodegradation of petroleum hydrocarbons (e.g., ethylbenzene and xylene) occurs through
their use by microorganisms as primary substrates (sources of carbon and energy). During the
metabolism process, electrons are transferred from the hydrocarbon to facilitate the release of
energy. The hydrocarbon is therefore termed an “electron donor”. The process also requires an
“electron acceptor” for the transferred electrons, and nutrients such as nitrate or phosphéte.
Typical electron acceptors are oxygen, nitrate, iron IIl, sulfate, and carbon dioxide, which are
utilized strictly in that order. Under some circumstances, manganese IV or chlorinated solvents
may also be used as electron acceptors. The degradation of petroleum hydrocarbons occurs most

effectively under aerobic (oxygen reducing) conditions, and reaction efficiency reduces

- significantly down the scale of electron acceptors. Howard et. al., 1991 provide aerobic half-lives

for the Site constituents xylene and ethylbenzene of 3 to 10 days and 7 to 28 days, respectively.

The efficient biodegradation of petroleum hydrocarbons has been commonly considered not to
occur under anaerobic (particularly sulfate reducing and methanogenic) conditions, although it is
now becoming recognized that in terms of total mass removal, the slower but more prevalent
anaerobic degradation processes may be significant. The degradation process is limited by the
supply of electron acceptors, but since these are generally present in abundance in the natural
environment, the biodegradation of petroleum hydrocarbons under anaerobic conditions typically
proceeds to complete degradation to non-toxic by-products. Howard et. al,, 1991 provide
anaerobic half-lives for the Site constituents xylene and ethylbenzene of 176 to 228 days and 182
to 365 days, respectively

At the AST Area, the aromatic hydrocarbons are susceptible to degradation under aerobic and
anaerobic conditions. Toluene, xylene and ethylbenzene are the most bioavailable of the BTEX
compounds to act as substrate, and in fact are degraded at appreciable rates and quantities within
the plume boundary. The degree to which all natural attenuation mechanisms (dispersion,
dilution, sorption and biodegradation) contribute to plume containment at the AST Area is
significant, based on a plume that has been delineated by 5 years of sampling, (see Figures 14 and
15) and whose overail length is only of the range of 120 feet to 150 feet even though the plume

may be more than 20 or so years old.  Based on the hydraulic characterization, ethylbenzene
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and xylene subject to sorption but not biodegradation would have traveled 688 feet, if the plume

were assumed to be 20 years old.

Chlorinated Solvents Biodegradation Mechanisms: FPP Area

The process of biodegradation of chlorinated solvents can occur in three ways:

e Where the chlorinated solvent acts as electron donor. Under aerobic and occasionally
under ferric iron reducing conditions, this is the primary mechanism for the
biodegradation of the less chlorinated solvents in the field but is not considered to be
effective for the more highly chlorinated compounds such as PCE or Chloroform. The
oxidation of vinyl chloride is the only known example of chlorinated solvents acting as
an electron donor under anaerobic conditions;

o Where the chlorinated solvent acts as electron acceptor. In this process, known as
reductive dehalogenation, chlorine atoms are replaced sequentially with hydrogen atoms
so that, for example, carbon tetrachloride degrades to chloroform, which degrades further
to dichloromethane.  [Note: half-lives for reductive dehalogenation of carbon
tetrachloride and chloroform are estimated at 7 to 28 days, Howard et.al., 1991]
Reductive dehalogenation is the most important process for the natural biodegradation of
the more highly chlorinated solvents, and occurs best under reducing conditions (sulfate
reducing and methanogenic, and occasionally iron III or nitrate reducing conditions).
Reductive dehalogenation also occurs for the less chlorinated solvents (dichloromethane
1s known to degrade to chloromethane and then to methane via this pathway at half-lives
of 1 to 4 months, Howard et.al., 1991); and

e Where the chlorinated solvent is degraded fortuitously by an enzyme or co-factor
produced during the microbial metabolism of another compound (co-metabolism). The
co-metabolic process is described as slow and incomplete, and may be limited under
natural conditions although dichloromethane and chloromethane have been noted as
readily and very efficiently co-metabolized under aerobic conditions. [Note: half-lives for
aerobic cometabolism of dichloromethane and chloromethane are estimated at 7 to 28
days, Howard et.al., 1991]

At the FPP Area of the Site, chloroform is the primary constituent of concern, with only an
occasional historic detect of BTEX compounds at low levels (<10ug/L), and no BTEX detections
during air sparge test sampling in the Spring of 2000 (see Draft SVE/AS Pilot Study Report,
Golder, October 2000). For the FPP area, concentrations of chloroform appear to be diminishing
very rapidly in the anaerobic and reducing groundwater environment that is present at this area of
the Site. The mechanism for biodegradation of the chloroform in this area is most likely a
reductive dehalogenation process. The degree to which all natural attenuation mechanisms

(dispersion, dilution, sorption and biodegradation) contribute to plume containment at the FPP

- Area is significant, based on a plume that has been delineated by 5 years of sampling, (see Figure

15) and whose overall length is only of the range of 80 feet to 100 feet, even though the plume
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may be more than 20 or so years old. Based on hydraulic characterization, chloroform subject to
sorption but not biodegradation would have traveled 457 feet, if the plume were assumed to be

20 years old.

Natural Attenuation Indicator Parameters

As described in Section 1.1, the evaluation of natural attenuation involves the interpretation of
several key chemical and geochemical parameters. In addition to the VOC data typically
available for sites, select "natural attenuation indicator” analytical parameters are collected as part
of the groundwéfer sampling effort to demonstrate the degree to which natural attenuation is
occurring at the Site. The following focused list of natural attenuation indicator parameters to be
assessed was developed by Golder for the Site using Site-specific information, the information

from studies provided by the United States Environmental Protection Agency (USEPA, 1999),

" and industry guidance on the evaluation of natural attenuation (Wiedemeier, 1997). The natural

attenuation indicator parameters are listed below:

Parameter Indication/Reason

Primary spill contaminants Assists in the delineation of the contaminant plume and contaminant
» concentrations.

Degradation products of primary | Evidence for the biodegradation of the primary contaminant.

spill contaminants Dichloromethane is an indicator of chloroform degradation.

Similarly, the ratio of o-xylene to the m and p isomers would be
expected to increase as BTEX degrades.

Dissolved Oxygen (DO) The electron acceptor most thermodynamically favored by micro-
organisms for the degradation of natural or anthropogenic organic
carbon. Concentrations less than 1 mg/l generally indicate an
anaerobic environment. At DO greater than about 0.5 mg/l
anaerobic bacteria generally cannot function, and reductive
dehalogenation of chlorinated solvents is unlikely to occur. It will
not occur at concentrations greater than 1 mg/l.  Petroleum
hydrocarbons and vinyl chloride may be oxidized aerobically at DO
concentrations in excess of 1 mg/l

Eh Indicates the redox state of the groundwater and hence the types of
attenuation processes which may occur. <+50 mV indicates
reductive pathway is possible.

Total Organic Carbon Carbon and energy source for aerobic respiration and electron donor’
for anaerobic reductive dechlorination.
Nitrate ‘ Substrate for microbial respiration (electron acceptor) if oxygen is

depleted. At concentrations in excess of 1 mg/l, nitrate may compete
with reductive pathway.

Nitrite Results from nitrate reduction (denitrification).

Iron 111 : An analysis of biologically available iron III can be used to estimate
. | the potential for attenuation where iron III is reduced. Iron III may
be used as an electron acceptor during anaerobic degradation of

electron donors where dissolved oxygen and nitrate are depleted.
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IronII Iron II may indicate the anaerobic biodegradation of petroleum
hydrocarbons where dissolved oxygen, nitrate and manganese are
depleted (iron III is used as an electron acceptor), although
precipitation when combined with other substances may lead to an
underestimate of the quantities produced. At concentrations greater
than about 1 mg/l, reductive pathway is possible.

Sulfate Substrate for anaerobic microbial respiration (electron acceptor). At
concentrations in excess of 20 mg/l, sulfate may compete with
reductive pathway.

Sulfide Results from suifate reduction. At concentrations greater than about
1 mg/l, reductive pathway is possible. May not be detected even if
sulfate-reducing bacteria are active because it can react with various
oxygenated chemical species and metals.

Methane/Ethane/Ethene Indicators of complete dechlorination of spill solvents. Methane is
produced under methanogenic conditions (Eh < -240 mV) from
BTEX degradation, and is the end product of degradation of the
chloromethane sequence. Ethane and ethene are produced from
chlorinated ethane and ethene degradation.

Geochemical parameters were sampled during RI sampling events (M/H,2000), and during air
sparge testing during the Spring of 2000. The Spring 2000 data are included in the Draft SVE/AS
Pilot Study Report (Golder, 2000). '

Natural Attenuation Indicator Parameters: AST Area
Dissolved Oxygen (DO)
For the shallow monitoring wells (MW-1 and MW-6), DO concentrations ranged from 0.24 mg/L

to 0.52 mg/L prior to sparge testing, which is indicative of oxygen consumption. Post-sparge
testing of samples in MW-1 showed a significant increase in DO (from 0.41 mg/l to 9.64 mg/l),
implying that the groundwater in the impacted area of the AST plume is indeed under-saturated

with respect to DO and that the sparge test was successful in adding this electron acceptor.

Oxidation-Reduction Potential (Eh)

Eh measurements for the shallow monitoring wells were reported as ranging from — 291mV to
+52 mV prior to sparge testing, indicating strongly reducing (or anaerobic) conditions. These

wvalues characterize the aquifer conditions as an iron reducing to sulfate reducing environment.

Total Organic Carbon (TOC)
TOC in AST area soils ranges from 1650 mg/kg to 23,000 mg/kg (M/H, 1999). No AST area

groundwater samples have been analyzed for TOC, though these high soil concentrations are

indicative of available carbon substrate for aerobic respiration.
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Nitrate/Nitrite

Nitrite (a by-product of nitrate reduction) was not detected in shallow wells at the AST area.

Ferrous Iron (Fe™)

Ferrous iron (a by-product of ferric iron reduction) was observed in both shallow wells (MW-1
and MW-6) at 0.9 mg/l and 3.1 mg/L, respectively, prior to sparge testing. As supported by the
corresponding Eh conditions (see above), iron reduction may be a significant biodegradation

mechanism at the Site.

Sulfate/Sulfide

Sulfate concentrations in the contaminated areas show markedly lower concentrations than

~ background. Prior to sparge testing, in MW-10 (a background well), sulfate was detected at 286
‘ mg/L, while in MW-1 and MW-6, sulfate was non-detect and 47 mg/L, respectively, indicating

significant sulfate reduction occurring in the AST contaminated area. Sulfide (a by-product of
sulfate reduction) was detected in both shallow wells (MW-1 and MW-6) at 0.51 mg/l and 0.11
mg/L, respectively,. As presented in Section 1.2.2‘, the efficient biodegradation of petroleum
hydrocarbons is commonly considered not to occur under anaerobic (particularly sulfate reducing
and methanogenic) conditions, although it is now widely recognized that in terms of total mass
removal, the slower but more prevalent anaerobic degradation processes are significant. Along
with the sulfide detections, Eh conditions (291 mV to -275 mV) at wells MW-1 and MW-6

indicate that sulfate reduction is likely an anaerobic biodegradation mechanism at the AST area.

Methane/Ethane/Ethene

Light hydrocarbon analyses have not been performed at the AST area of the Site.

Natural Attenuation Indicator Parameters: FPP Area
Dissolved Ox))gen (DO}
For the shallow monitoring wells (MW-2, MW-3, MW-11 and MW-13), DO concentrations

ranged from below detection to 2.22 mg/L prior to sparge testing, which is indicative of oxygen
consumption. The single post-sparge testing sample in a shallow well (MW.-2) showed a marked
increase in DO (from 0.36 mg/] to 3.04 mg/1), implying that the groundwater in the impacted area
of the FPP plume is indeed deficient in DO and that the sparge test was successful in adding this

electron acceptor.
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Oxidation-Reduction Potential (Eh)

Eh measurements for the shallow monitoring wells were reported as ranging from —-120 mV to
+63 mV prior to sparge testing, indicating reducing (or anaerobic) conditions. These values

characterize the aquifer conditions as an iron reducing to sulfate reducing environment.

Total Organic Carbon (TOC)
TOC ranges from 3.4 mg/L to 4.4 mg/L (RI Report). These concentrations are acceptable for

sustaining reductive dechlorination with TOC acting as a carbon and energy source.

Nitrate/Nitrite
Nitrite (a by-product of nitrate reduction) was detected in one shallow groundwater sample (MW-

2) at a concentration of 0.01 mg/L in the FPP area of the Site, coincident with the area of highest

" chloroform concentration. Nitrate was lower (potentially indicating nitrate consumption) in the

three shallow wells (MW-2, MW-3 and MW-11) within the impacted plume area compared to

those wells outside the plume at the FPP area.

Ferrous Iron (Fe™)

Ferrous iron (a by-product of ferric irpn reduction) was observed in one shallow well (MW-3) at
4.6 mg/L, prior to sparge testing. In 1998, dissolved iron (an indicator of ferrous iron) was
reported ranging from 0.18 mg/l to 1.25 mg/l in shallow wells. As supported by the
corresponding Eh conditions (see above), iron reduction may be the most significant

biodegradation mechanism at the Site.

Sulfate/Sulfide

Sulfate concentrations in the shallow contaminated areas are moderately lower than background
concentrations and at the fringe of the plume. In MW-3, MW-11, and MW-13, which are
background and plume fringe wells, sulfate was detected at 182-243 mg/L, while in MW-2, a
shallow source area well, sulfate was detected at 151 mg/L, suggesting sulfate reduction may be
occurring. Sulfide (a by-product of sulfate reduction) was detected in MW-2 at a concentration of

0.02 mg/L in the FPP Area, coincident with the area of highest chloroform concentration.

Methane/Ethane/Ethene

Light hydrocarbon analyses have not been performed at the FPP area of the Site.

Golder Associates

, , 400024



III"'II Ul I . .. 'Ill [ I‘I' Il B B BN D Ea e ‘l'. L

June 2001 -20- 003-6016

2.3.3 Trend Analysis

Figures 16 and 17 provide the time trends for VOC contamination at the FPP and AST areas,
respectively. As shown on Figure 16, chloroform has significantly decreased in the FPP near
source area well MW-2, from 5990 ug/l in 1996 to three measurements less than or equal to about
40 ug/l in the Spring of 2000 (37, 40.7 and 21.1 ug/l, respectively). Downgradient, at MW-11,
data only exists since 1998, showing a slight increase in chloroform from 3 ug/l to 40.4 ug/l.

Two-dimensional modeling suggests that such minor increases can occur under transient

conditions (see Section 2.3.4). Importantly however, of the twenty-eight (28) samples taken in .

the FPP area since January 2000 (including duplicates), all but one are below 100 ug/l*. Only
VMP-1D (sparge test monitoring probe) in the source area had a concentration of 137 ug/l on

May 1, 2000.

Concentrations of the principal VOCs in the AST area (ethylbenzene and xylene) are shown on
Figure 17°. Of particular interest is the sharp decline in VOC concentrations at MW-1 in response
to the SVE/AS test conducted in April 2000. Concentrations of total xylenes in groundwater
decreased from 108,000 ug/l to 8,700 ug/l, then rebounded after testing to 40,100 ug/l. For
ethylbenzene, concentrations decreased from 21,600 ug/l to 1,040 ug/l, then rebounded after
testing to 7,680 ug/l. These results imply that in the AST Area, where the permeabilities allow
for vapor transfer, significant improvement in the groundwater conditions can be achieved by
sparging and vapor phase extraction as well as by the introduction of oxygen to permit the faster

aerobic biodegradation mechanism.
2.3.4 Fate and Transport Modeling

To assess whether the groundwater constituents at the Site have reached a steady state condition
as a result of mass removal by natural attenuation, solute transport analysis was performed. The
objective of solute transport analysis is to evaluate the contribution of biodegradation to the
overall attenuation rate. This is accomplished by using an analytical solution that represents
advection, dispersion, sorption, dilution, and decay (biodegradation). Analyses have been

conducted for:

* The MCL for total trihalomethanes is 100 ug/l. The proposed THM limit of 80 ug/1 is only exceeded in
one additional sample at the same location.

* The first two sample dates for MW-1 are qualified E&D indicating that the instrument calibration range
was exceeded for a diluted sample; these results may therefore be underestimated.
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e Ethylbenzene and total xylenes in the AST area, and

o Chloroform in the FPP area.

One-Dimensional Solute Transport Modeling (de Marsily)

The analytical model selected for this evaluation is presented in “Quantitative Hydrogeology”
prepared by de Marsily (1986). The solution of the one-dimensional advection-dispersion
equation for groundwater flow and solute transport utilized accounts for degradation of the
constituents by natural attenuation (a first order reaction rate for the sum of natural chemical and
biological proceéées). The parameter used to estimate the rate of degradation is the half-life time
(i.e., the amount of time it takes for the concentration of a compound to decrease by one-half due

to degradation processes). The solution appropriately accounts both for constituents released into

~ the groundwater (mass increase) and constituents treated through natural attenuation processes

' (mass decrease). Steady state conditions occur when the mass of constituents dissolved into

groundwater at the source is balanced by the mass removed, or treated, through natural

attenuation processes.

Following de Marsily (1986), a one-dimensional case is chosen to model the concentration of a

constituent in a semi-infinite medium. The governing equation is:

2
pZC y % wrZEs i)
Ox Ox ot
(1)
J
where:
C = concentration (ug/L);
t = .time (days);
X = distance (feet);
U = Darcy velocity (considered constant for one-dimensional flow)
(feet/day); '
D = the dispersion coefficient (considered constant, using only longitudinal
dispersion for one-dimensional model) (ft*/day);
0] = porosity;
R = the retardation factor of the constituent due to adsorption; and,
A = the coefficient of exponential decay (day™).

Here, A is determined from:

C=Cy2=Ceexp(-At)
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where:

C, = initial concentration; and,

tin = half-life of constituent;

The solute transport model input parameters are Darcy velocity, porosity, dispersion coefficient,

retardation factor, bulk density, and half-life time.

Site-specific hydrogeologic and fate and transport parameters used in the analysis are listed in the

following tables, along with the source of the data:

AST Area:
Parameter Value Units Source
Hydraulic Conductivity, K 63x 10~ cm/sec Section 2.1
Hydraulic Gradient, I 0.006 ft/ft Section 2.1
Effective porosity, n, 20 % Estimate for sandy
clayey silts
Seepage velocity, v 196 ft/yr v=Ki/n,
FPP Area:
Parameter Value Units Source
Hydraulic Conductivity, K 59x% 10 cm/sec Section 2.1
Hydraulic Gradient, I 0.012 ft/ft Section 2.1
Effective porosity, n, 20 % Estimate for sandy
. clayey silts
Seepage velocity, v 36.6 ft/yr v =Ki/n,
Chemical Information:
Parameter Koe foc Soil Bulk Retardation
(LKg)' () Density, ob  Coefficient, R®
(g/ml)* G)
Chloroform 31 0.0027 1.44 1.6
Ethylbenzene 240 0.0027 1.44 5.7
Total Xylenes 240 0.0027 1.44 5.7
'USEPA, 1986

2M/H 2000 (RI)
3R = 1 + Koc*foc*pb/n

A starting point for estimating longitudinal dispersivity, a;, was determined using the well-

known formula by Xu and Eckstein (Xu and Eckstein, 1995) which is dependent on the plume

length. In the AST area, o, was modified to reflect the hydrogeology of the AST area in which

Golder Associates

400027



| ...'l'-. - N N B B e .‘|' S N S A A Illx‘lrl L

June 2001 -23 - 003-6016

groundwater direction likely changes in response to seasonal or climatic variations in rainfall,
drought conditions, etc. This variability increases the “‘smearing” of the plume front, thus, in
effect, increasing the oy value. A value of 50 ft was used for o in the AST area. The Xu and
Eckstein formula was used in the FPP area and the calculated value for o was 10.4 ft, assuming a

plume length of 180 ft.

Models were calibrated utilizing the October 1998 RI data. Calibration of the model consisted of
iteratively fitting the model predictions to field measurements using the degradation half-life as
the fitting pararﬁeter and assuming steady-state conditions. The model produces a centerline
concentration output chart, depicting concentration over distance at a given time. This

concentration profile was compared to the field values and adjusted accordingly until the best fit,

using engineering judgment, was achieved.

Figures 18 and 19 provide the results of xylene modeling and Figures 22 and 23 provide results
for ethylbenzene modeling. Figures 22 and 23 provide the results of chloroform modeling. The

simulations resulted in the following calibrated half-lives:

e xylene 150 days;
o ethylbenzene 100 days; and,.

e chloroform 100 days.

These values are consistent with literature values (see Section 1.2), and indicate a significant

attenuation rate for both Areas of the Site.

As shown on Figures 19, 21, and 23, the distance at which applicable Site remediation standards
(MCLs) are met were estimated by interpreting the distance from a source area point (i.e., MW-6
for the AST Area and GWPP-27 for the FPP Area) at which the concentration curve intersects the
concentration represented by the MCL for that compound. The MCLs that are used as point of
compliance target concentrations are 700 ug/L for ethylbenzene, 10,000 ug/L for total xylenes
and 100 ug/L for chlorofdrm. As discussed above, the 1-D model was used to initially solve for

the decay rate rather than the distance to compliance, based on field data.

Golder Associates

400028



I Ill‘l'll JE N N I = e l‘l.’llll ;| N EN IS NN e ‘lrl [

June 2001 -24 - 003-6016

Based on the results of 1-D modeling, the distance at which compliance is attained for each COC

is as follows:

s Xxylene 110 ft;
o ethylbenzene 125 ft; and,
e chloroform 60 ft.

For comparison, in the AST Area, the Site boundary (at Route 66) in the direction of groundwater
flow is approximately 300 feet. Historical analytical results in the AST Area show evidencé of
groundwater contamination approximately fifty feet beyond the Site fenceline immediately
adjacent to this Area in the “upgradient” direction. This may be the result of historical seasonal
variations in groundwater flow (i.e., temporary flow gradients to the northeast). To account for

this possibility, the input parameter for longitudinal dispersivity was modified as discussed above.

* The compliance distances listed above are applicable to the predominant direction of groundwater

- flow. In the FPP Area, the Site boundary (assumed coincident with the fenceline) in the direction

of groundwater flow, is approximately 100 feet.

Two-Dimensional Solute Transport Modeling (Bioscreen)

To further assess whether the groundwater constituents at a site are undergoing biodegradation of
mass, 2-D solute transport analysis was performed. The objective of this 2-D solute transport
analysis is to evaluate the contribution of biodegradation to the natural attenuation mechanisms

believed to be occurring at the Site as well as to verify the results of 1-D modeling.

The primary objectives of this modeling effort are to:

e construct a calibrated model based on Site-specific information and conservative
assumptions that can be used to simulate the natural attenuation of the COCs;

e using the calibrated model, estirnate the distance at which COCs would naturally
attenuate to levels below regulatory benchmarks;

s using the calibrated model in a transient analysis, estimate the mass of source COCs
present at the Sites; and,

e using the calibrated model in a transient analysis, predict the time to compliance for the

entire plume length.

The model used for this exercise is Bioscreen — Natural Attenuation Decision Support System:

Version 1.4 (USEPA 1997). The Bioscreen model is endorsed by the U.S. Environmental
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Protection Agency (EPA) Center for Subsurface Modeling Support (CSMoS)
(http://www.epa.gov/ada/ csmos.html). The Bioscreen model is considered especially useful in
screening-level modeling for dissolved hydrocarbons and similar-type organic chemicals. The
model is based on the same analytical equation for advection, dispersion, adsorption, and decay

of constituents in groundwater as was used in the 1-D modeling.

Bioscreen requires information about Site hydrogeology, dispersion/dispersivity, adsorption
characteristics for the COCs, chemical biodegradation data for the COCs, and Site-specific
concentrations and source dimensions. These parameter values were consistent with those used

in the 1-D modeling, presented above.

Bioscreen can incorporate a source mass value (“soluble mass™) for estimating the time to source

{ depletion, assuming a source depletion rate, an internal Bioscreen parameter that is keyed to the

magnitude of the source mass. The soluble mass in the source was estimated by multiplying the
average soil and groundwater concentrations by the estimated affected soil and groundwater
volumes. M/H estimated that 1,338 Ib of ethylbenzene and 6,239 1b of xylene are present in the
source areas. These estimates were incorporated into the steady-state Bioscreen model runs for
mass balance calculations (see Figures 25 and 27). For chloroform, an infinite source mass was
assumed in the steady-state Bioscreen runs, as this is the most conservative assumption and it is

consistent with the continuing source assumption used in the 1-D model.

Steady State Bioscreen Model Results
Results of the calibration modeling for these constituents are shown on Figures 24 through 29 for

each COC. The calibrated half-lives for the three models are as follows:

e xylene 200 days;
e cthylbenzene 160 days; and,
e chloroform 200 days.

The calibrated half-lives are slightly higher in the 2-D model due to the effects of transverse
dispersion on the centerline concentrations. Based on the results of 2-D modeling, the distance at

which compliance is attained for each COC is as follows:

e Xxylene 80 ft;
e cthylbenzene 110 ft; and,
e chloroform 60 ft.
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Combining these results with the 1-D model results reveals that, using the most conservative
estimates, compliance for xylene and ethylbenzene contamination in the AST Area is anticipated
at 110 feet and 125 feet, respectively, from well MW-1. In the FPP Area, compliance for
chloroform is anticipated at 60 feet from well MW-2. Plume mass analysis by Bioscreen revealed
that 88%, 96%, and 97% of the chloroform, total xylenes and ethylbenzene mass, respectively,
that has left the source areas has been biodegraded. The source masses of xylene and
ethylbenzene are shown to degrade by 20% and 33% (whereas an infinite source of chloroform
was assumed in the model). Thus, the model indicates that for these compounds, concentrations
at the source would still exceed MCLs at the time compliance is achieved at the distances stated
above. However, the source mass estimates used in this model were likely overpredicted, as
discussed below. Further, the transient Bioscreen model runs show depletion of the source mass

below MCLs within the timeframes to attain full compliance over the plume lengths, as discussed

" below. The Bioscreen output for the steady-state results is provided in Figures 25, 27, and 29 for

xylene, ethylbenzene and chloroform, respectively.

Transient Bioscreen Modeling and Results

Transient analyses were performed in Bioscreen to estimate the mass of COCs present at the Sites,
and to predict the time to compliance along the entire length of the plume(s). Source mass
estimates were obtained by matching the two sets of analytical data available for 1998 and 2000.
The 1998 data was used as initial conditions and the source mass was calibrated to obtain a match
with the 2000 data. Using the calibrated mass, extended simulations were run to determine the
estimated time to full compliance. At the request of USEPA, the hydraulic gradient in the AST area
was reduced by 50 percent (i.e., to 0.003 ft/ft) to account for possible intermittent variations in the
groundwater flow direction. The half-life of chloroform was also modified from 0.55 years to 0.25

years in order to fit the downgradient data accurately.

The results of the simulations are included in Figures 30 to 35 for xylene and ethylbenzene in the
AST area, and Figures 36 and 38 for chloroform in the FPP area. Three figures are presented for
each COC: the first figure presents the data input; the second presents the centerline concentrations
after two years (to show the 2000 data matching); and the third figure presents the centerline

concentrations after full compliance has been attained.
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The times to attain full compliance over the plume lengths for each COC as predicted by the model

are the following:

e xylene 20 years;
e cthylbenzene 21 years; and,
e chloroform 2.5 years.

The estimated source masses for each COC which best fit the data are the following:

e Xxylene 528 pounds (AST Area);
o cthylbenzene 95 pounds (AST Area); and,
e chloroform 0.26 pounds (FPP Area).

The total mass of xylene and ethylbenzene in the AST area is estimated to be 623 pounds. These

. source mass estimates are discussed further in the following section.

The change in chloroform’ concentration in MW-11 (FPP Area), noted in Section 2.3.3, is
consistent with the results of transient modeling using Bioscreen. Figure 39 presents the input
data for a simulation in which the initial concentration was set to 4 ppm, which is used (the
measured concentration in the FPP source area in 1998) with a simulation time of 8 years. After
three years, a pulse of chloroform was present at a distance of 80 feet from the source (Figure 40)
and by year 8 (Figure 41), the pulse had traveled a distance of 180 feet from the source and
reached a concentration of 40 ug/l (i.e., the distance and concentration corresponding to MW-11).
At that time, source area concentrations of chloroform in the model are essentially zero. This
simulation indicates that small transient increases in concentration can occur at selected locations
such as MW-11, but this is not indicative of escalating concentrations in the FPP Area or an

expanding plume, considering such increases are anticipated to be of short duration.

Source Mass Estimates

The mass estimates previously made by M/H and the source mass estimates based on the transient
Bioscreen modeling are in very close agreement for the FPP Area but differ in the AST Area. In
relative terms, the mass estimates of ethylbenzene in the AST Area is estimated to be greater than

xylene by both methods but the Bioscreen estimates are lower by an order of magnitude.

The original mass analysis performed by M/H utilized conservative assumptions that are expected
to result in an overprediction of the source masses for total xylenes and ethylbenzene. The soil

concentration data used included seven soil borings over an estimated 112-foot by 76-foot
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impacted area for which two to three samples per boring were collected in 2-foot intervals over a
depth of 20 feet in the unsaturated zone. The arithmetic mean of seven borings was used to
represent the average concentration over the entire impacted soil volume. However, the data are
highly variable, ranging from 0.006 to 1,800 mg/kg of xylene, with most samples less than 200
mg/kg, and the calculation method will likely overestimate mass. For example, the concentration
of xylene used at soil boring SBB-17, 1800 mg/kg, was an average of estimated results based on
two sampling intervals (14-16 ft and 20-22 ft). The results had been estimated due to an
exceedance of the calibration range of the instrument of the analytical laboratory. This
concentration was then assumed to represent the entire depth (i.e., 20 feet) of the impacted soil.
The contribution to the overall mass estimate based on this boring alone is 65% of the total mass
estimate. Further, the averaging approach assumes that each boring represents one-seventh of the

total area, or 1216 ft*. In the above example, due to the proximity of nearby borings, the area

" over which SBB-17 should more realistically be applied is approximately 400 ft*. This

adjustment would reduce the source mass attributable to SBB-17 by 67%. Similarly, the second
most contaminated boring, SBB-4, exhibiting an “average” concentration of 583 mg/kg, should
more appropriately represent 500 ft* in area. The effect of these.two changes alone would reduce

the M/H total mass estimate for xylene by about 60%.

The approach used by M/H is therefore considered likely to overpredict the source mass of total
xylenes and ethylbenzene in the AST Area. Whereas M/H’s total mass estimate for ethylbenzene
plus 'xylenes was 7580 1b, a more realistic prediction would be about 25% of this estimate, or
1900 1b. The transient Bioscreen model indicated a source mass estimate of 708 1b of
ethylbenzene plus xylenes. In order to reflect this uncertainty, subsequent calculations of cleanup
time in this FS utilize a total source mass estimate of 1300 b of total xylenes and ethylbenzene in
the AST Area. Since the two approaches were in agreement for chloroform, a total source mass

estimate for chloroform in the FPP Area remains assumed as 0.26 1b.

Summary

Strong evidence exists that natural attenuation processes are occurring in the shallow groundwater
system. Major electron acceptors (dissolved oxygen, nitrate, ferric iron and sulfate) all appear to
be involved in Site processes, and are coincident with the observed oxidation-reduction state.
Trend analysis has shown significantly decreasing concentrations of chloroform to below MCLs
and steady concentrations of xylene and ethylbenzene. Mathematical modeling calibrated to the

Site data indicates half-lives of the order of 100 to 200 days for these three compounds, indicative
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of a very robust natural attenuation environment. Both measured and modeled extent of the

plumes indicates the plumes are currently contained and off-site migration is not expected.

24 Summary of Site Risks

The Revised Final Human Health Risk Assessment (HHRA) (2000) considered the following

current and future use scenarios and receptors:

Current Use Scenario

e Residential (adult and child) exposure to groundwater via off-site wells was evaluated.
This pathway was deemed incomplete as no constituents of potential concern (COPCs)
were identified in groundwater from off-site wells.

o Trespasser (pre-adolescent and adult) exposure to COPCs in the surface soil/sediment
collected from the Site and the stream system (Gut System) was evaluated for three
pathways (ingestion, dermal contact, and inhalation of particulates). Pre-adolescent
children are assumed to be those between 7 and 12 years of age.

Future Use Scenario

¢ Industrial/Commercial (adult) exposures on-site to COPCs in groundwater, surface soil
and sediment were evaluated for three pathways (ingestion, dermal contact, and
inhalation of particulates or VOC vapors).

e Construction worker (adult) exposures on-site to COPCs in surface soil, sediment, and
subsurface soil (up to 12 feet bgs) were evaluated for three pathways (ingestion, dermal
contact, and inhalation of particulates).

e Off-site residential (adult and child) exposures to COPCs in groundwater were evaluated
for three pathways (ingestion, dermal contact, and inhalation of particulates or VOC
vapors).

For the purposes of the future off-site residential scerllario,' the Risk Assessment assumed that the
on-site concentrations could be present in an off-site well for the entire exposure duration. In
reality, no COPCs were detected in the off-site wells or in the wells at the edge of the Site nor are
they expected to reach these areas in the future (see Section 2.3). Therefore, the exposure

assumptions used in this scenario are extremely conservative.
Summary of Health Risks

The HHRA presented two risk calculations, based on Reasonable Maximum Exposure (RME)

and the Central Tendency (CT) exposures. RME risks are based upon reasonable maximum
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exposures and, necessarily, use conservative default exposure assumptions. CT risk calculations
are based upon more realistic Site-specific exposure assumptions which are more representative.
CT risks were calculated only for those exposure scenarios where the calculated risks based on

RME were greater than 1E-06 for carcinogens and the Hazard Index (HI) was greater than 1.

Trespassers

Calculated risks to an adult trespasser result from the presence of arsenic in surface soil in the
Central Storm Drain area. As shown on Table 1, the carcinogenic risk from arsenic is not
unacceptable and is at the lower end of the USEPA acceptable risk range (1E-06). There were no
unacceptable non-carcinogenic risks to adult trespassers (Hazard Index less than 1). There are no

unacceptable carcinogenic or non-carcinogenic risks to pre-adolescent trespassers.

5 Industrial/Commercial Worker
The risks to future on-site industrial or commercial workers result primarily from exposure to
chloroform and arsenic® in groundwater. The exposure scenario assumed that the on-site
groundwater would be used as a potable water source for drinking and bathing. As shown by
Table 1, the risks from on-site groundwater yield carcinogenic risks greater than 1E-04 for both
the RME and CT set of calculations. Additionally, the HIs for both the RME and the CT
calculations exceed 1 (331 and 330, respectively), due to the concentrations of chloroform in
groundwater. Exposures to surface soil and sediment do not result in unacceptable calculated

carcinogenic or non-carcinogenic risks.

Construction Worker

As indicated in Table 1, there are no unacceptable carcinogenic risks to future construction
workers at the Site. Non-carcinogenic risks to future on-site construction workers are primarily
based upon exposure to iron and manganese in surface soil. As shown by Table 1, the cumulative
non—éarcinogenic hazard index is 1.2 for surface soil based on RME assumptions. CT calculated

risks and RME risks for the Gut system soil/sediment are within acceptable ranges.

Hl T Il aEm B s I‘I' G N IS &N R Ea .

Future Off-Site Residential Use
Calculated risks to future residents primarily result from chloroform, iron, manganese, and

arsenic in groundwater. As shown in Table 1, the risks to adult and child residents from exposure

® Caleulated risks due to arsenic are based on data from well MW-10, which is upgradient of the Site, and may
therefore not represent Site-related risks.
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to Site groundwater yield carcinogenic risks greater than 1E-04 for the RME set of calculations,
while the CT set of calculations yields risks in the 9E-05 to 1E-04 ranges for adults and children,
respectively. Additionally, the hazard indices for both the RME and the CT calculations exceed 1
for both the adult and child receptors due to chloroform in the groundwater. As noted previously,
this exposure scenario assumed that on-site concentrations would be present off-site. This is not
the case, nor can be it be anticipated in the future, and so the calculated risks (both RME and CT)

are extremely conservative.

Screening Ecolégical Risk Assessment (SERA)

The Screening Ecological Risk Assessment (SERA), conducted as part of the RI, focused on the

drainage channels adjacent and downstream of the Site including the River Gut, Bethlehem Gut,

and Fairplains Gut. The SERA was developed 'using data obtained through a surface
é soil/sediment sampling program conducted within the three drainage channels (M/H, 2000).

In general, aluminum exposure may potentially impact herbivorous, insectivorous, and
piscivorous wildlife foraging in the Gut System. Aluminum and several other constituents of
potential ecological concern (COPECs), identified for plants, measured adjacent to or
downstream of the Site were found at similar or lower concentrations to those measured at the
upstream reference location. This suggests that the COPECs have been transported from
upgradient sources. Soil data from 1986 and 1997 at the Central and Southern Storm Drains
suggest that several metals (e.g., aluminum, manganese, and zinc) may have been historically

discharged to downstream areas of the River Gut (M/H, 2000).

The potential contribution of aluminum to the Gut System has decreased with time, as evidenced
by a substantial reduction in concentrations in 1997. The aluminum concentrations measured in
soil from storm drains in 1997 were similar to those measured in soil collected from the River
Gut upstream of the drain discharge points. Therefore, it is unlikely that there is a current on-Site
source of aluminum to the River Gut. The Bethlehem Gut contained the next highest

concentration of aluminum. However, a bauxite plant is located in close proximity to the Site and
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may serve as a source of aluminum (M/H, 2000).

The concentrations of manganese and zinc were elevated in 1997 soil samples from the Storm

Drains. The SERA showed that these concentrations, if discharged to the Gut System, would

results in minimal to negligible risk to ecological receptors in the drainage channels (M/H, 2000).
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3.0 REMEDIAL ACTION OBJECTIVES

Based on the Conceptual Site Model and the results of the risk assessment, the following speciﬁc7

Remedial Action Objectives (RAOs) have been established:

e Mitigate the toxicity, mobility and/or volume of VOCs (notably ethylbenzene and xylene)
in soils in the AST area so as to minimize continued leaching to groundwater;

e Mitigate the toxicity, mobility and/or volume of VOCs (notably ethylbenzene and xylene)
in shallow groundwater in the AST area and downgradient so as to protect potential
future groundwater users;

e Mitigate the toxicity, mobility and/or volume of chloroform in shallow groundwater in
the FPP area and downgradient so as to protect future potential groundwater users;

¢ Restrict groundwater use on-site for potable purposes until the quality is restored to
MCLs; and,

e Restrict the use of the Site to non-residential purposes until the quality of soil and
groundwater media are restored.

3.1 Preliminary Remediation Goals

3.1.1 ARARs and TBCs

Section 121(d) of CERCLA requires that remediai actions at CERCLA sites comply with legally
applicable or rélevant and appropriate cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria or limitations promulgated under
Federal or State/U.S. Territorial law, which are collectively referred to as "ARARs", unless such
ARARs are waived under CERCLA § 121(d)(4).

“Applicable” requirements are those cleanup standards, standards of control, and other
substantive environmental protection reqﬁirements, criteria or limitations promulgated under
Federal or State law that specifically address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance at a CERCLA site. “Relevant and appropriate”
requirements are those requirements that, while not legally “applicable”, address problems or
situations sufficiently similar to those encountered at the site that their use is well suited to the

particular site. Only those State/U.S. Territory standards that are promulgated, are identified by

7 These RAOs are consistent with those previously identified in the FS Tech Memo but provide greater specificity
based on the results of the Final RI Report, including the Addendum, and the Final Risk Assessment.
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the State/U.S. Territory in a timely manner, and are more stringent than Federal requirements
may be applicable or relevant and appropriate. ARARs may relate to the substances addressed by
the remedial action (chemical-specific), to the location of the site (location-specific), or the

manner in which the remedial action is implemented (action-specific).

In addition to applicable or relevant and appropriate requirements, the lead agency may, as
appropriate, identify other advisories, criteria, or guidance to be considered for a particular
release. The "to be considered" (TBC) category consists of advisories, criteria, or guidance that
were developed -by USEPA, other federal agencies or states/territories that may be useful in
developing CERCLA remedies.

The following discussion identifies chemical-specific ARARs and TBCs for the Site which are

" then used to establish the Preliminary Remediation Goals (PRGs). Location-specific and action-

specific ARARs and TBC:s are discussed in Section 7 (Detailed Evaluation of Alternatives).

Chemical-Specific ARARs and TBCs

Chemical-specific ARARs and TBCs represent health or risk-based concentration limits in
various environmental media for specific contaminants. They are used to establish cleanup
criteria for remedial actions in order to protect human health and the environment. Generally,
State/U.S. Territorial ARARs are used only where they are more stringent than the Federal
ARAR-equiValent. As such, where equivalent Federal and State/U.S. Territorial ARARs exist,
only the Federal ARARs are cited. The following chemical-specific standards are available for

the media covered by the RAOs:

e National Primary Drinking Water Standards (40 CFR Part 141) establishes primary
maximum contaminant levels (MCLs) for public water systems measured at the tap based
on protection of health and consideration of technical and economic feasibility. The
MCLs provides the standards for groundwater and are applicable to the Site.

e USEPA Soil Screening Levels (SSLs) (EPA 1996) are unpromulgated and as such are not
ARAR but are classified as “To Be Considered” (TBC). As stated in the USEPA Soil
Screening Guidance: User’s Guide (USEPA, July 1996) the “SSLs are not national
cleanup standards. SSLs alone do not trigger the need for a response actions or define
‘unacceptable’ levels or contaminants in soil”.
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3.1.2 Preliminary Remediation Goals

Preliminary Remediation Goals (PRGs) derived from the ARARs and TBCs are provided in
Table 2 for the key constituents of concern (COCs) identified in the Risk Assessment. The PRGs
consist of numerical targets for the COCs in a specific media and are intended to guide the
development of remedial alternatives®. Based on correspondence between Berlex, P&U, M/H,
and USEPA during the RI process, a Site-specific Dilution and Attenuation Factor (DAF) of 10
was developed and agreed upon by the parties. This value has been utilized for the development

of the PRGs reflected in Table 2.

% Performance standards (as distinct from PRGs) will be established following remedy selection by USEPA.
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4.0 DEVELOPMENT AND SCREENING OF ALTERNATIVES

4.1 General Response Actions

Existing response actions at the VICHEM Site are described in the Revised Final RI Report
(2000). These generally include removal of waste materials and contaminated soils. In addition,

a security fence was installed around the Site in early 2000.

For the purposes of the identification and screening of potential final remedial technologies,
general response actions (GRAs) are developed in accordance with the remedial action objectives
(see Section 3.1). GRAs are those that, singly or in combination, satisfy the RAOs for the
identified media by reducing the concentration of hazardous substances or reducing the likelihood

of contact with hazardous substances. Typical GRAs include treatment, containment,

" institutional controls, excavation, extraction, disposal, or combinations of these methods.

The Feasibility Study Technical Memorandum (M/H, March 1999) identified the following
GRAs for the VICHEM Site:

No action;
Institutional controls;
Containment;
Removal/collection;
Treatment; and,
Disposal/discharge.

These GRAs were further investigated and screened for specific technologies and process

options.
4.2 Screening of Technology and Process Options

FS Technical Memorandum
The FS Tech Memo includes a preliminary screening of technologies and process options for

groundwater and soil.
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Soil
Based on the FS Tech Memo, the following remedial technologies and process options for soil

were retained for further evaluation:

Remedial Technology Process Option
None (No Action) Not applicable
Access / Use Restrictions Land use restrictions, deed/zoning restrictions,
fencing
Environmental Monitoring " All media
" Surface Controls All processes
Excavation All processes
Structure Dismantling / Demolition All processes
Biological (In-Situ) Bioventing, biodegradation
Chemical / Physical (In-Situ) Soil vapor extraction
Biological (Ex-Situ) Solid phase
Thermal (Ex-Situ) Incineration, thermal desorption
On-site Disposal Staging, backfill treated material

After further evaluation of implementability and cost, the following process options were
eliminated from further consideration: bioventing, biodegradation, incineration, and thermal

desorption.

USEPA CERCLA guidance (USEPA, 1993) states that soil vapor extraction (SVE), thermal
desorption, and incineration are the presumptive remedies for Superfund sites with VOC-
contaminated soil, provided that the site characteristics meet certain criteria. In the present case,
SVE is the presumptive remedy for the VOC-contaminated soils (e.g., ethylbenzene and xylene in
the AST Area) at the VICHEM Site. Although the use of a presumptive remedy typically
precludes the need for identification and screening of alternatives, the screening work performed

in this FS has been included for completeness.

EPA’s presumptive remedy guidance references the BTEX compounds, among others, as those
amenable to SVE. In accordance with the evaluation criteria in this guidance, the presence of
VOCs has been confirmed in soil and a Site-specific SVE pilot study has been performed that
indicates that SVE is feasible for the AST Area. The Spring 2000 SVE pilot study description,
results, and conclusions are contained in the Draft SVE/AS Pilot Study Report (Golder, 2000),

the results and conclusions of which are discussed below and in Section 5.3.
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Groundwater
The FS Tech Memo identified the following remedial technologies and process options for

groundwater to be retained for further evaluation:

Remedial Technology
None (No Action)
Access / Use Restriction

Alternate Water Supply
Monitored Natural Attenuation
Environmental Monitoring
Extraction

Biological (In-Situ)

Physical (In-Situ)

Physical (Ex-Situ)
Chemical(Ex-Situ)

Process Option

Not Applicable

Groundwater use restrictions, deed/zoning
restrictions

" All processes

Groundwater monitoring

All Media

Extraction Wells

Bioventing, chemical bioaugmentation
Air sparging, vertical recirculation wells,
air or steam stripping

Sedimentation, filtration

Carbon adsorption,
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precipitation/coagulation/flocculation
Surface water, injection wells, infiltration
Publicly Owned Treatment Works (POTW)

On-site Discharge
Off-site Discharge

After further evaluation of implementability and cost, the following process options were
eliminated from further consideration: vertical recirculation wells, steam stripping, injection

wells, infiltration, and off-site discharge to POTW.

Air Sparging Evaluation
The field Treatability Study conducted by M/H in Spring 2000 included the evaluation of air

sparging (AS) as a potential technology to be used in conjunction w&th SVE to enhance the
removal of VOCs in groundwater. The results of this study, plus additional groundwater
sampling ‘conducted concurrently with the SVE/AS Treatability Study (see RI Addendum,
Golder, 2000), provided the basis for additional analysis of potential groundwater remedial
alternatives. The results of this study are presented and discussed in detail in the Draft SVE/AS
Pilot Study Report (Golder, 2000) and include vacuum/pressure responses in the vapor probes,
dissolved oxygen levels in groundwater, mass removal rates of COCs, and changes in
concentration of Site COCs in groundwater during testing. The SVE/AS Pilot Study Report also
includes figures depicting the layout of SVE and AS wells and monitoring probes, the process

schematic, and well/probe construction details.

? In subsequent correspondence, USEPA indicated that discharge to POTW should be retained.
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Evidence of the effectiveness of the air sparging systém in the AST Area during the pilot test
includes reduction in groundwater concentrations and attainment of significant mass removal
rates. A 92% reduction in total ethylbenzene and xylene concentrations in groundwater was
achieved during the SVE/AS test in the AST Area, based on data from monitoring well MW-1
(i.e., pre-test value of 130 ppm and post-test value of 10 ppm). Data collected during the pilot

test indicated minimum removal rates of 8 Ib/day'® for a single air sparge well.

Pilot testing conducted with air sparging and SVE together showed much higher removal rates
compared with SVE alone. Based on a total estimated mass of ethylbenzene and xylenes in soil
and groundwater of 1300 pounds and a removal rate of 8 Ib/day, remediation of the AST Area
could potentially be achieved within six months. Given that removal of residual mass would be

increasingly controlled by diffusion, rather than by advection, over time, the actual cleanup time

" would likely be somewhat greater. However, the effects of natural attenuation via biodegradation

would be expected to significantly reduce the estimated cleanup time. Therefore, for the purposes

of this FS evaluation, an estimated cleanup time of one year has been assumed.

The total mass removal of chloroform over the three-day extended SVE/AS pilot test was
estimated to be 11 grams, which is small, but is approximately 9% of the total estimated source
mass of 0.26 pounds. Vapor pressures and dissolved oxygen measurements indicate that the
radius of influence in the FPP Area was substantially less than the AST Area. This is likely due
to the differencé in subsurface soil conditions between the FPP Area and the AST Area. The
borehole logs from SVE wells in the AST Area indicate that there is a more permeable, sandy
layer from approximately 7-16 feet bgs, which is within the screened interval of the SVE wells.
Vapor probes screened at 15 feet bgs indicated the strongest pressure responses. In contrast, a

mostly uniform clay was indicated to a depth of 18 feet bgs in the FPP Area.

As discussed further in Section 2.3, biodegradation of chloroform in the FPP Area is occurring
under anaerobic conditions. The introduction of oxygen via air sparging in the FPP Area would
be counterproductive by altering the subsurface biogeochemical conditions such that natural

attenuation processes may be disrupted in that Area.

' This rate is approximate due to uncertainty in the velocity measurements.
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Therefore, based on the results of the SVE/AS Treatability Study and the natural attenuation
conditions of the FPP Area subsurface, the use of air sparging as a remedial technology for
groundwater in the FPP Area was eliminated on the basis of limited effectiveness, and was
retained in the AST Area on the basis of cost, effectiveness, and implementability. SVE could be
used for source treatment (control) of chloroform in the FPP Area; however, remaining source

amounts are minimal (e.g., 0.26 Ib).

Groundwater Extraction and Treatment Evaluation

At the request of USEPA, groundwater extraction and treatment (“pump and treat”) was retained

as a process for further detailed evaluation.

The investigation performed by M/H in Spring 2000, which involved the replacement of former
;: production well P-1 and Site-wide groundwater sampling, verified that neither the deep Alluvial
aquifer nor the Kingshill aquifer are impacted. Therefore, the pump and treat evaluations for both
the AST and FPP Areas consider the upper Alluvium only. Further, the sampling and modeling
data indicate that the shallow groundwater plumes in both Areas are not growing and have
attenuated significantly. This is evidenced by the limited extent of contamination and by
reductions in source concentrations compared to those measured in the earlier phases of the RL
The latest RI investigations also show that shallow aquifer contamination above MCLs does not
extend to off-Site receptors, nor is it expected to do so in the future. Regardless, the pump and
treat evaluation for both Areas was conducted in a conservative manner, using the historical RI
data that indicates higher concentrations and a greater extent of impacts than recent groundwater

data would suggest.

FPP Area

The constituent of concern in the groundwater in the FPP Area is chloroform, the historical soil
and groundwater concentrations of which are provided in the RI Report (McLaren/Hart, 2000).
For this evaluation, a worst-case design concentration of 1000 ppb of chloroform in groundwater

was used. This value is on the order of the highest detected groundwater concentrations during

1998 in the FPP Area, but is conservative compared to the highest detected concentrations in the

most recent Spring 2000 monitoring event (i.e., 40 ppb, which is below the MCL).
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A pump and treat system for the FPP Area would conceptually comprise a pumping system (i.e.,
extraction wells with submersible pumps), an ex-situ treatment train to degrade or remove

chloroform from the water, and a treated water discharge system.

The number of extraction wells and their combined pumping rate was estimated to effect
sufficient capture of the groundwater within the upper alluvium in the FPP Area, since only the
shallow groundwater in the FPP Area has contained chloroform at concentrations in excess of

MCLs.

An appropriate pumping rate to achieve reasonable drawdown over the required capture zone was

estimated using the following steady-state solution from Todd (1980):

where: h = hydraulic head at radial distance » from the pumping well [L]
H, = Initial hydraulic head [L] = saturated thickness
O = Pumping rate [L*/T)

ro = Radius of influence [L]= £
R

R = Precipitation recharge [L*/T]
r = Radial distance [L]
k = Horizontal hydraulic conductivity [L/T]

The horizontal hydraulic conductivity was taken from the slug test analysis for MW-2 in
conjunction with a recharge rate of 2.64 inches per year, and a saturated thickness of 15 feet

based on remedial investigation data (M/H, 2000).

Based on this analysis, an estimated pumping rate 0.8 gpm from each of two wells spaced
approximately 100 feet apart, was selected. The primary extraction well would be located in
the source area where the highest concentrations of chloroform in groundwater have been
historically encountered. The capture zone exhibited by this well would essentially include the

entire plume of impacted groundwater. The secondary extraction well would be located
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downgradient of the source area within the historical chloroform plume area, in order to capture
residual chloroform contamination that has already migrated beyond the source area, and as a
backup for the primary extraction well. The calculations and combined drawdown cone
established by superposition, as shown on Table 3, indicate a minimum drawdown of 2 feet

between the wells, and approximately 0.8 feet at a distance of 100 feet from each well.

The stagnation point (i.e., the point furthest downgradient from which a particle of water will be
drawn back into the well), and the width of the capture zone were estimated from the following
formulae, which consider the effects of horizontal hydraulic gradient on the width of the capture

zone:

_ 0
2xTi

X

where: x = Stagnation point distance [L]
i = Horizontal hydraulic gradient [dim]
T = Aquifer transmissivity [L*T] = KH,

and:

-9
2T

where: y = half-width of the capture zone [L]

y

These calculations confirm that these pumping rates would produce a capture zone of sufficient

size (theoretically, about 285 feet in width and 46 feet to stagnation point).

Several factors may affect the ultimate pumping rate of the extraction system. Aquifer
heterogeneities, as seen in the variability in hydraulic conductivity, may result in slightly higher
or lower pumping rates. During construction of some Site wells, increased water yields were
noted (e.g., MW-15), however the storage of any potential zones of higher transmissivity is not

likely to be high, therefore the increased yields may not be sustainable.

l‘
l
l'
I

The average design extraction rate would be refined and established in design but was assumed to

be 1.6 gpm for the purpose of the FS. A worst-case pumping rate of 3 gpm was also assumed.
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Three treatment trains for the extracted groundwater were evaluated:

(1) air stripping;
(2) aeration and filtration with granular activated carbon (GAC) adsorption; and,
(3) ultraviolet irradiation/oxidation (UV/ox).

Air Stripping _

Air stripping would be accomplished with a low-profile tray air stripper. The extracted
groundwater would be pumped to a storage/equalization tank and then to the air stripper where it
would flow across multiple aeration trays. Air is blown countercurrently through small holes in
the aeration trays, forming a froth of bubbles to provide a large mass transfer surface area where
the contaminants are volatilized. Because of the scouring produced by the froth, the trays are

relatively resistant to fouling by iron. In addition, the trays can be cleaned with pressure-washing

" wands via cleanout ports at each tray level. The air stripper is expected to remove 99.9% of the

chloroform in the contaminated groundwater to achieve an effluent concentration below 1 ppb.

Based on an assumed influent concentration of 1000 ppb (based on RI data) and a 3 gpm flow
rate, the worst-case (i.e., 100% stripping efficiency) emissions of chloroform would be 0.0015
Ib/hr (0.007 tons per year) or 0.5 ppmv. This mass loading is well below the Title V major source
thresholds for hazardous air pollutants (40 CFR 51; Subpart Q 51.322) and is also less than the
limits imposed by VIDPNR at other remedial sites in the Virgin Islands.

Aeration and Filtration with GAC Adsorption

Aeration is necessary to remove contaminants, such as iron, that may interfere with the
effectiveness of the GAC in removing chloroform. Conversion of ferrous iron to the ferric state
occurs rapidly upon aeration. The resulting ferric hydroxide would removed by filtration using a
bag filter system. If such contaminants were to remain in the water, they would adsorb to the
GAC and consume much of the available surface area for chloroform adsorption. In addition, a
portion of the dissolved solids in the groundwater would deposit on the carbon, t\hereby
increasing the pressure drop associated with the carbon unit. Thus, the effective life of the GAC
would be greatly reduced, and material and operational costs would magnify. With aeration as
pretreatment, these problems are reduced; however, this pretreatment step would introduce
operational and maintenance costs associated with aeration equipment (e.g., blower and diffusers

or mechanical agitator), and changing and disposing of the bag filters.
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Following aeration, the water would be pumped to the GAC system. Chloroform is poorly
absorbed to carbon and so requires an extended contact time compared to other organic
contaminants. A GAC system comprising two 55-gallon drums of carbon (approximately 165
pounds of carbon in each) in a lead-lag configuration has been evaluated. Each drum would
provide about 15 minutes of contact time, for a total of 30 minutes. With this contact time, the

GAC is expected to remove the chloroform in the groundwater to non-detect levels.

The worst-case air emissions of chloroform would be lower than for air stripping and so off-gas

controls are not ékpected to be required.

Based on the design assumptions and a 50% working efficiency of the carbon as compared to

equilibrium conditions, the expected life of a carbon unit would be 2-3 weeks, or 18 units per

5 year. The spent carbon would require off-site disposal or regeneration. Monitoﬁng would also

be required to evaluate breakthrough of chloroform. In addition, the spent bag filters, containing
iron precipitate and sediments, would require frequent changing and disposal. Based on the
relatively high operations and maintenance requirements and associated expense for this system,

it has been eliminated from further consideration.

Ultra Violet Irradiation/Oxidation

In the ultraviolent irradiation/oxidation (UV/OX) process, UV radiation is emitted into the
contaminated water, and an oxidizing agent (such as hydrogen peroxide) is added. The UV light
activates the oxidizing agent to form oxidizing species called hydroxyl radicals, which then
destroy the organic compounds in the water. In the case of chloroform destruction, a catalyst may

be required. There are no air emissions from this process.

The 1.6 gpm flow rate expected from the groundwater extraction wells is not high enough to
produce the turbulence needed for effective UV/ox. Thus, the groundwater would be pumped to
a batch tank and then run through the UV/ox system in intermittent batches at 15 gpm. The
UV/ox system would coﬁsist of a skid mounted 30 kW system with built-in programmable logic
controller. Secondary containment and a safety shower with eyewash would be required. Wastes

generated would include spent UV bulbs and empty hydrogen peroxide containers.
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Capital costs for the UV/ox system are high and as this is an energy-intensive process, the
operational costs are also high. These costs are anticipated to be much higher than the costs for

the other technologies. For this reason, UV/ox has been eliminated from further evaluation.

Three options were considered for the disposal of the treated water:

( lj surface water discharge to the River Gut;
(2) groundwater discharge via on-site reinfiltration pond; and,
(3) discharge to a publicly-owned treatment works (POTW).

Surface Water Discharge
Discharge to the River Gut involves pumping the treated groundwater from the treatment plant to

the River Gut that runs along the eastern and southern borders of the property. The discharge

- water quality will need to meet or exceed the USEPA’s National Recommended Water Quality

Criteria for Priority Toxic Pollutants; the level for chloroform, based on human health criteria is
5.7 ng/L. All of the treatment train alternatives discussed above are expected to achieve this

criterion. This option 1s therefore feasible and economical.

Reinfiltration

- Reinfiltration would be accomplished via a bermed re-infiltration pond that would be constructed

in a location with sufficient surface area. An estimate for the approximate area required for the

recharge basin was established using the following formula:

where:

A = Area of the recharge basin [Iﬁf 1;

Q = Discharge rate of extraction system [L*/T];
K = hydraulic conductivity [L/T}; and,

i = hydraulic gradient [L/L].

The vertical hydraulic conductivity used in this estimation was assumed to be ten percent of the
horizontal value derived from the slug test results for MW-2 (i.e., 1.04 x 102 cm/sec). To

account for potential clogging of the basin, this value was reduced by twenty percent (i.e., 8.3 x
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10° cm/sec). As described above, the average discharge rate of the extraction system was
estimated to be 1.6 gpm from two wells. Throughout most of the year, the depth to groundwater
is between twenty and thirty feet below ground surface, and therefore infiltration would not be
expected to result in excessive mounding. Consequently, the vertical hydraulic gradient was
assumed to be equal to 1. Using these input parameters, a basin measuring approximately 36 feet

by 36 feet would be of sufficient size to infiltrate the treated groundwater.

Factors that may affect the required size of the basin are the hydraulic conductivity of the shallow
alluvium in the area where the basin is constructed and the degree of clogging that the basin
undergoes with time. For example, the actual hydraulic conductivity may be lower than that of
the strata represented by MW-2. In light of the vicinity of the local airport, operating a surface
water unit on this Site is not preferable, as the water would attract animals and fowl, which may

" interfere with airport operations.

POTW Discharge

There is one POTW on the island of St. Croix. The closest sewer manhole to the site is
approximately 1/8 mile from the site, across the River{ Gut. Approval from the Department of
Public Works would be required in order to discharge to the POTW, and pretreatment standards
would likely correspond to MCLs. Since the treatment trains described above would meet the
more stringent surface water quality criteria, and since the River Gut is much closer to the

treatment facility than the sewer, this option was eliminated from further consideration.

Cleanup Time

The time required for cleanup of the chloroform impacted groundwater was estimated using the
batch flush analytical model developed by USEPA (National Academy Press, 1994). This model
allows the estimation of cleanup time based on the number of pore volumes required to be
pumped from the contaminated groundwater in order to attain the desired cleanup goal. This
approach assumes simple advective displacement of contaminated water, neglecting dispersive

transport. The other significant assumption is that the extracted pore volume is replaced with

clean influent water, which instantaneously reaches equilibrium with the remaining sorbed

contaminant mass. The equation to determine the number of required pore volumes is as follows:
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PV=-RInC,,/C,,

where PV = Number of pore volumes
R = Retardation factor
Cws = Cleanup concentration
Cuo = Initial contaminant concentration

For chloroform, the retardation factor used was 1.6 (see Section 2.3.4), the initial concentration
was 1000 ppb, and the cleanup concentration was 80 ppb. This resulted in a calculated
requirement of -4 pore volumes. The plume was estimated to encompass a volume of
approximately 480,000 cubic feet, based on 1998 RI Data as ‘shown in Figure 15. Based on 20%
porosity and a pumping rate of 1.6 gpm, the estimated time required for cleanup based on this

model would be 3.4 years.

In general, this model will underestimate cleanup time, therefore, this estimate should be
considered as the minimum practicable cleanup time, given the assumptions outlined above.
More importantly, this model does not account for heterogeneities in soil, which are significant in
the FPP Area since contaminant migration is likely to be more diffusion-controlled than
advection-controlled given the clayey nature of the Alluvium at these depths. Conversely, some
conservative assumptions were built into the calculations, including the areal extent of the plume
(200 feet by 120 feet) and the initial concentration of 1000 ppb, in order to develop a more
realistic estimate. For the purposes of this FS, including costing, a cleanup time of 5 years has

been assumed.

A groundwater pump and treat system would be a relatively aggressive means of source removal;
however, the implementation in the FPP Area of an aggressive method of hydraulic containment

and/or source removal of chloroform is not warranted for the following reasons:

e The Site data suggests the chloroform plume is not growing, has attenuated significantly,
and does not pose a risk to off-site receptors.

e As described earlier in Section 2.0, the chloroform plume is naturally attenuating via
anaerobic reductive dechlorination. The action of pumping groundwater will disrupt the
anaerobic geochemical environment that currently supports natural attenuation processes,
due to the influx of oxygenated water from upgradent as a result of the groundwater
extraction.

| e The Spring 2000 data shows significant reductions in chloroform over the last two years,
and only one monitoring point that slightly exceeds MCLs.
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e The influx of clean water caused by pumping will likely increase the rate of attenuation
by dilution, and, as noted by USEPA, may result in the extraction of water that —
untreated - would probably meet the cleanup goals from the start.

e Based on the results of the transient Bioscreen modeling, full compliance with cleanup
goals for chloroform would be achieved by natural attenuation in /ess time as would be
required for pump and treat in the FPP Area.

AST Area

At the request of USEPA, a detailed pump and treat evaluation was conducted for the AST Area
in the same manner as the evaluation for the FPP Area. The constituents of concern in the AST
Area groundwater are xylene and ethylbenzene. Based on the RI Report data from 1998
(McLaren/Hart, 2000), reasonable worst-case influent concentrations of 23 ppm and 110 ppm for

; ethylbenzene and xylene, respectively, were assumed for this evaluation.

The analysis for groundwater extraction rates and capture zone was conducted in the same
manner as described above for the FPP Area. The average horizontal hydraulic conductivity was
taken from the slug test analysis for MW-6 in conjunction with a recharge rate of 2.64 inches per
year and a saturated thickness of 15 feet. The results, as shown on Table 4, indicate that two
extractidn wells each pumping at an average rate of 3.5 gpm (5 gpm worst-case), spaced 100 feet
apart, will produce a minimum 2-foot drawdown between the wells and over one foot of
drawdown at a distance of 100 feet from the well. The stagnation point was calculated to be 67
feet. As discussed above, intermittent zones of higher transmissivity may contribute to higher
extraction rates, but these higher yields are not expected to be sustainable and were therefore not

factored into the design pumping rates.

Based on the results of the treatment train evaluation conducted for the FPP Area, and given the
much higher concentrations of xylene and ethylbenzene in groundwater than chloroform, as well
as the chemical properties of these compounds, a treatment train of equalization followed by air
stripping was selected. Based on a 2-tray low profile air stripper, an air flow of 150 scfm would

be required for removal of these constituents in order to meet discharge standards (assumed to be

3100 ppb for ethylbenzene based on the National Recommended Water Quality Criteria and
10,000 ppb for xylene based on the MCL). The estimated air effluent concentration would be 212

ppmv or 0.53 pounds per hour, and off-gas controls were assumed not to be required.

o

Golder Associates

400052



June 2001 -48 - 003-6016

Based on the same rationale as for the FPP Area, direct surface water discharge of the treated
water to the nearby River Gut was selected based on feasibility, cost-effectiveness, and

maintenance considerations.

The time required for cleanup of impacted groundwater in the AST Area was estimated using the
same analysis described for the FPP Area. A retardation factor of 5.7 was used for both
ethylbenzene and xylene, and MCLs were used as the cleanup concentrations. The estimated
number of required pore volumes to be extracted was 19.9 for ethylbenzene and 13.7 for xylene.
Based on an ethyibenzene impacted plume volume of approximately 396,000 cubic feet (which
effectively contains the xylene plume see Figure 14), 20% porosity, and 7 gpm pumping rate, the
estimated cleanup time was 3.2 years. Again, this number likely represents a minimum
. practicébly achievable cleanup time, due to the assumptions inherent in this approach. In addition
| to the heterogeneous nature of the soil, the other significant factor in the AST Area is the
continuing leaching of ethylbenzene and xylene from the vadose zone into the groundwater,
which is not accounted for in this model. These two factors together likely result in an
underestimated cleanup time in the AST Area. For the purposes of FS, costing, a cleanup time of

5 years has been assumed.

Although the minimum estimated cleanup times (i.e., 3-4 years) for both Areas are relatively
short, the presence of geologic heterogeneities in both the AST and FPP Areas, as well as the
presence of a significant source mass above the water table in the AST Area, could extend the
estimated cleanup time by anywhere from a few years to more than 100 years and render these

cleanup time predictions highly uncertain (National Academy Press, 1994).
4.3 Development of Alternatives
Based on the foregoing discussion, the following alternatives are retained for detailed analysis:

e Alternative 1: No further action (required by the NCP);

e Alternative 2: Monitored Natural Attenuation (MNA) with the institutional controls
(deed restrictions on groundwater and property use);

e Alternative 3: Source control via soil vapor extraction/air sparging in the AST Area,

combined with MNA and institutional controls. SVE would be retained as a contingent
remedy for MNA in the FPP Area, if needed;
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e Alternative 4: SVE/AS in AST Area combined with Groundwater Extraction and
Treatment in FPP Area and institutional controls; and,

e Alternative 5: Groundwater Extraction and Treatment in AST Area combined with MNA
and institutional controls.
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5.0 ALTERNATIVES RETAINED FOR DETAILED EVALUATION

5.1 Alternative 1: No Further Action

The consideration of a No Further Action remedial alternative is required under the NCP. This
option would not include the initiation of any new response actions. Under this option, the
security fence installed in Spring 2000 would remain and be maintained, but the existing soil
vapor extraction / air sparging system that was installed for the Treatability Study in Spring 2000

would be rendered non-operational.
5.2 Alternative 2: Monitored Natural Attenuation (MNA) with Institutional Controls

This alternative would include monitored natural attenuation (MNA) for COCs in groundwater in
. the AST Area and FPP Area. There is strong evidence to suggest that natural attenuation is
effectively occurring and expected to continue at these two areas. A detailed discussion of
natural attenuation indicator parameters, and evaluation of existing conditions provided in Section

2.3. A conceptual remediation plan for this alternative is depicted in Figure 42.

This remedial alternative would include monitoring of shallow groundwater conditions over a
period of 15 years using existing wells at the Site, plus additional monitoring wells at the AST
and FPP Areas. The following parameters would be monitored: ethylbenzene and xylene isomers
(AST Area only), chloroform and dichloromethane (FPP Area only), dissolved oxygen, redox
potential, total organic carbon, ferrous iron, sulfate, sulfide, and methane. As shown on Figure
42, approximately three shallow groundwater monitoring wells would be added at the AST Area,
and two shallow wells would be added at the FPP Area for performance monitoring of MNA.
The locations of these new wells are conceptual, and final locations would be determined during
design, with respect to Site topography and other physical features. Recent data through Spring
2000 indicate that the deeper Alluvium is not impacted above MCLs by any Site COCs.
Therefore, vertical groundwater profiles would be obtained during drilling of select shallow wells
in order to verify no impacts to the deeper zone as well as to identify appropriate screen locations.
Therefore, the conceptual network of monitoring wells for performance monitoring would
initially include a total of 15 new and existing shallow and deep wells (i.e., MW-1, 6, 8, 10, 18,
19, and 20 in the AST Area; and MW-2, 3, 7, 11, 12, 15, 16, and 17 in the FPP Area) at which

natural attenuation parameters and concentrations of Site COCs would be monitored. This

‘---‘----

network may be refined during design and over time based on trends in the analytical data. For
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the purposes of this FS, the monitoring frequency is assumed to consist of quarterly sampling
during the first year, semiannual sampling for the second and third years, and annual sampling

thereafter of the entire network.

Institutional controls, which are implemented to reduce the potential for human exposure to
constituents, would be a further component of this remedial alternative. For example, the security
fence installed in 2000 would be maintained as an institutional control to discourage on-Site
trespassers. A second institutional control would be continued industrial zoning use of the Site.
Based on discussions with the Virgin Islands Department of Planning and Natural Resources
(VIDPNR), the VICHEM Site is currently zoned as I-2 (Light Industry). VIDPNR has indicated

that the draft zoning plan for St. Croix proposes that the Site and surrounding area remain zoned

as industrial (M/H, 2000).

A third institutional control includes use and access restrictions. Such restrictions would include
a deed notice that would run with the land prohibiting installation of extraction wells on-site and
any residential use of the Site. The current Amended Agreement between Berlex, P&U, and CHS
Holding Corporation (i.e., current property owner) states that CHS will “refrain from using the
Site in any manner, or engage in any other activities that would interfere with or adversely affect
the integrity or protectiveness of the remedial measures implemented or to be implemented at the
Site.” The Site owner also agreed to record the Amended Agreement in the St. Croix land

records office, as well as to record end use deed restrictions to restrict future ownership or

_ operation of the Site. Under this Agreement, the owner will also provide prior notification to

Berlex and P&U of any anticipated changes in Site ownership or operation.
53 Alternative 3: Source Control (SVE/AS) with Monitored Natural Attenuation

In addition to the institutional controls identified in Section 5.2, this remedial alternative consists
of two primary components, (1) an SVE/AS system to remediate source zone groundwater,
saturated soil and vadose zone soil at the AST area and Monitored Natural Attenuation for
residual groundwater contamination and (2) a Monitored Natural Attenuation (MNA) remedy for
the remediation of groundwater in the FPP area and downgradient. SVE would be available for
source control (treatment) in the FPP Area, if needed. A conceptual remediation plan for this

alternative is depicted in Figure 43,
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For the AST Area, this remedial alternative includes an air sparging system for volatilizing VOCs
in shallow groundwater and saturated soil and a soil vapor extraction system to capture sparged
vapors and to volatilize and capture vadose zone soil VOC contamination. MNA would be
implemented for low-level residual VOC contamination in downgradient groundwater. The
SVE/AS system would treat the contaminated soil and underlying groundwater in the AST tank
area as described in the Draft Final Treatability Study Workplan (M/H, 1999b).  Periodic
monitoring of pressure or vacuum response in- SVE wells and vapor monitoring points would
occur. In addition, ﬁeld measurements of total organics (e.g., with a photoionization detector)
and oxygen at each SVE well, as well as dissolved oxygen in groundwater, would be taken in
order to balance the system and assess performance. Periodic samples of the extracted gas would

bé analyzed either by an on-site mobile laboratory or off-site laboratory for individual VOC

analytes. Removal rates would be estimated in the final design and during operations in order to

" determine compliance with the applicable air emissions standards and/or permit requirements. If

emissions limits are likely to be exceeded, then appropriate off-gas controls or operational

modifications would be instituted in order to comply with applicable emissions limits.

SVE/AS system design parameters will be updated based on pilot SVE/AS field tests performed
in Spring 2000 (refer to Draft SVE/AS Pilot Study Report, Golder, 2000). SVE would be
accomplished using a blower equipped with a moisture separator and filter to protect the blower
in conjunction with the currently installed configuration of six SVE wells. Pilot test results
indicated that the SVE radius of influence (ROI) was approximately 30-40 feet. The SVE wells
are located at 35-foot centers (Figure A-1). The total SVE system flow rate during pilot testing

was approximately 100-150 standard cubic feet per minute (scfm).

Sparging would be accomplished using an oil-free air compressor able to deliver 70 scfm at
pressures of up to 200 psi. The design sparge rate would be established in the final design but is
likely to be approximately 4-7 scfm per well. The design sparge (compressor) pressure would be
approximately 150 psi. The final remedial design would consider the effective ROI for air sparge
and SVE wells énd any appropriate system upgrades.

Pilot tests conducted with sparging and SVE together showed much higher removal rates
compared with SVE Qlone. The mass removed during the pilot test demonstrates the
effectiveness of these technologies. Although the VOC mass is primarily in the soil phase, much
of the soil contamination is located at depths greater than 20 feet (M/H, 2000), which, during the
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pilot test, was below the water table. As the water table may be higher than 20 feet for a
significant portion of the year, sparging of the groundwater would be an integral component of

this remedial alternative.

Cycling (on and off) of the sparge flow is known to produce higher mass removal rates than a
constant sparge flow (Marley and Bruell, 1995). Cycling, which was not utilized in the pilot
tests, will be considered as an enhancement during the final remedial design. Other
enhancements will be considered, such as automation of the system in terms of data collection .

and operational controls.

For the reasons discussed in Section 4.0, AS is not considered appropriate for the FPP Area and
may be counterproductive. The absence of a chloroform source in FPP vadose-zone soils does
i not warrant the use of SVE in this area for active removal; nevertheless, this source control
technology is available for use in the FPP Area, if needed, in conjunction with MNA. Monitored
natural attenuation to treat groundwater is therefore proposed in this remedial alternative for the
FPP Area, as discussed in Section 5.2. For costing purposes, the same network and sampling
scheme for groundwater monitoring as stated in Alternative 2 would be employed for an assumed

15 years.
5.4 Alternative 4: SVE/AS with Groundwater Extraction and Treatment

In addition to the institutional controls identified in Section 5.2, this remedial altermative includes
two additional primary components, (1) SVE/AS to remediate source zone groundwater, saturated
soil and vadose zone soil at the AST Area and Monitored Natural Attenuation for residual
groundwater contamination, and (2) groundwater extraction and treatment system for the
remediation of impacted groundwater at the FPP Area. A conceptual remediation plan for this

alternative is depicted in Figure 44.

The SVE/AS portion of the remedy in the AST Area would be the same as described in Section
5.3.

At the FPP Area, the groundwatér extraction system would be comprised conceptually of two

extraction wells, located approximately 70 feet apart, each with a average design pumping rate of
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0.8 gpm and a worst-case pumping rate of 1.5 gpm. The wells would each be equipped with a

submersible pump. The extraction system is described further in Section 4.2.

As shown on Figure 44, the primary extraction well (EW-1) would be located in the source area
where the highest concentrations of chloroform in groundwater have been historically
encountered. The capture zone exhibited by this well would essentially include the entire plume
of impacted groundwater. The secondary extraction well (EW-2) would be located downgradient
of the source area within the historical chloroform plume area, in order to capture residual
chloroform contamination that has already migrated beyond the source area, and as a backup for
the primary extraction well. These locations are considered to be conceptual in nature; final
locations would be determined during design, with respect to Site topography and other physical

features.

The treatment system would consist of an storage/equalization tank, from which groundwater
would be pumped to a low profile air stripper for removal of chloroform. Treated water would be
discharged via pipeline to the River Gut. System monitoring would include pre- and post-air
stripper water sampling in order to evaluate removal efficiency in the air stripper and compliance
with surface water discharge limits. Also, an air flow indicator would be monitored periodically
to ensure sufficient air flow from the blower for mass transfer in the stripper. Differential
pressure across the air stripper would also be monitored, in addition to periodic visual inspection
of the trays, to evaluate whether fouling or other impediments to air flow have occurred. Mass
emissions from the air stripper would be calculated by using the measured concentrations of
chloroform in the influent water and treated water and the flow rate from the storage tank to the

stripper.

The cone of depression and extent of the capture zone induced by the extraction wells would be
assessed by measuring water levels at new and existing groundwater monitoring wells. For
costing purposes, the same network of wells and sampling frequency described in Alternative 2

has been assumed initially. Although MNA is not an explicit component of this alternative for

the FPP Area, natural attenuation parameters would be monitored periodically in the FPP Area to
assess the effects of the pumping system on anaerobic biodegradation processes. However, it is
expected that the network of wells to be monitored for chloroform would be reduced over time,

given that Spring 2000 data suggest only a very localized area of contamination slightly

exceeding the MCL. Also, the monitoring is expected to continue only through the duration of
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the operation of the extraction system (i.e., until the attainment of cleanup goals), plus two years

of post-shutdown monitoring.

5.5 Alternative 5: Groundwater Extraction and Treatment with MNA and Institutional
Controls

In addition to the institutional controls identified in Section 5.2, this remedial alternative includes
two additional primary components, (1) Monitored Natural Attenuation for impacted groundwater
in the FPP Area, and (2) a groundwater extraction and treatment system to capture and treat
impacted groundWater at the AST Area. A conceptual remediation plan for this alternative is

depicted in Figure 45.
At the FPP Area, the MNA portion of the remedy would be the same as described in Section 5.2.

At the AST Area, the groundwater extraction system would consist of two extraction wells, as
depicted in Figure 45. Each well would have a design flow rate of 3.5 gpm and a worst-case flow
rate of 5 gpm. The two wells (EW-3 and EW-4) are located within the zone of highest xylene and
ethylbenzene impacts. The expected combined capture zones of these wells would encompass the

entire AST Area and extent of the xylene and ethylbenzene plumes (both on-Site and off-Site).

The treatment system would be comprised of the same components and be subject to the same
monitoring scheme as described in Section 5.4. Treated water would be discharged to the River

Gut at a location northeast of the AST Area.

For costing purposes, the network of monitoring wells and sampling frequencies has been
assumed to be the same as identified in Alternative 2. The duration of monitoring in the FPP
Area would be 15 years, and in the AST Area would be 7 years (i.e., five years during extraction

system operation and two years of post-shutdown monitoring).
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6.0 NCP EVALUATION CRITERIA

The selection of a remedial alternative is based on an evaluation of nine criteria established in the
NCP. Two criteria (state acceptance and community acceptance) will not be evaluated in this
report because they will be evaluated during the public comment period. The remaining seven

criteria are listed below.

Threshold criteria are those which must be met in order for a remedy to be eligible for selection.

The two threshold criteria are described below.

e Overall Protection of Human Health and the Environment

Under this criterion, an alternative should be assessed to determine whether it can
adequately protect human health and the environment, in both the short-term and long-
term, from unacceptable risks posed by hazardous substances, pollutants or contaminants
present at the site, by eliminating, reducing or controlling exposures to levels established
during development of remediation goals. This criterion is an overall assessment of
protection based on a composite of factors assessed under other evaluation criteria,
especially long-term effectiveness and permanence, short-term effectiveness, and
compliance with ARARs.

e Compliance with ARARs

This criterion evaluates whether and how the alternative attains applicable or relevant and
appropriate requirements under federal environmental laws and state environmental or
facility siting laws, or provides grounds for invoking the legal waiver of such
requirements.

Primary Balancing criteria are used to weigh the alternatives in order to determine the best

selection for the Site. The S balancing criteria are described below.

e Short-Term Effectiveness

This criterion evaluates the impacts of the alternative during implementation with respect
to human health and the environment. The short-term impacts of an alternative shall be
assessed considering: short-term risks that might be posed to the community during
implementation of an alternative; potential impacts on workers during remedial action
and the effectiveness and reliability of protective measures; potential environmental
impacts of the remedial action and the effectiveness and reliability of mitigative measures
during implementation. ‘
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Reduction of Toxicity, Mobility, and Volume Through Treatment

Under this criterion, the degree to which an alternative employs recycling or treatment
that reduces toxicity, mobility, or volume shall be assessed, including how treatment is
used to address the principal threats posed at the site. Factors that shall be considered
include: the treatment or recycling processes; the alternatives employed and the materials
they will treat; the amount of hazardous substances, pollutants or contaminants that will
be destroyed, treated, or recycled; the degree of expected reduction in toxicity, mobility
or volume of the waste due to treatment or recycling and the specification of which
reduction(s) are occurring; the degree to which the treatment is irreversible; the type and
quantity of residuals that will remain following treatment considering the persistence,
toxicity, mobility, and propensity to bio-accumulate of such hazardous substances and
their constituents; and the degree to which treatment reduces the inherent hazards posed
by principal threats at the site.

Long-Term Effectiveness and Permanence

Under this criterion, an alternative shall be assessed for the long-term effectiveness and
permanence it affords, along with the degree of uncertainty that the alternative will prove
successful. Factors that shall be considered, as appropriate, include: the magnitude of
residual risk remaining from untreated waste or treatment residuals remaining at the
conclusion of the remedial activities; and the adequacy and reliability of controls such as
containment systems and institutional controls that are necessary to manage treatment
residuals and untreated waste.

Implementability

This criterion addresses the technical and administrative feasibility of implementing the
alternative as well as the availability of various services and materials required.

Cost

Cost items evaluated include capital and operation and maintenance expenditures to
implement the alternative, presented as a present worth analysis.
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7.0 DETAILED EVALUATION OF ALTERNATIVES

7.1 Alternative 1: No Action

Overall Protection of Human Health and the Environment

The No Action remedy would be adequately protective of human health and the environment
under current conditions because there are no unacceptable risks posed by the Site. However,
under future exposure scenarios, a No Action remedy provides no reduction in potential risk to
human health posed by hypothetical future exposure of on-site workers to COCs in groundwater.
Natural attenuation processes would continue to remediate groundwater but this would‘ not be

verifiable given the absence of environmental monitoring.

Compliance with ARARs

" The No Action option relies upon natural attenuation for attainment of groundwater ARARs.

Given adequate time, this option is expected to meet these standards. There are no ARARs for

soil and so compliance is not an issue for this medium.

Short-Term Effectiveness
No additional short-term risks to the community, workers, or the environment are posed by
implementation of this option. Natural attenuation processes will require a period of years to be

fully effective.

Long-Term Effectiveness and Permanence
Natural attenuation of groundwater constituents is an effective long-term measure that utilizes
permanent treatment. Migration to groundwater of contaminants in subsurface soils within the

AST Area would be a long-term concern.

Because Site contaminants would be left in place, a five-year review would be required to assess

the continued effectiveness of this option.

Reduction of Toxicity, Mobility, and Volume Through Treatment

Natural attenuation processes, under favorable conditions, act without human intervention to
reduce the mass, toxicity, mobility, volume, or concentration of contaminants in soil or
groundwater. These processes include biodegradation, dispersion, dilution, sorption,

volatilization chemical or biological stabilization and transformation, among others (USEPA
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1999). Ongoing natural attenuation processes at the Site, in particular biodegradation, will
effectively treat and reduce the volume, toxicity, and mobility of chloroform, ethylbenzene and
xylene in groundwater. Some degradation by-products, such as dichloromethane, do exhibit
similar toxicity; however, the expected half-lives of these by-products are short and are not
present on-Site at concentrations above MCLs. The progress of natural attenuation would not be
verifiable under this alternative, given the absence of environmental monitoring. Also, mobility

of subsurface soil contaminants in the AST Area into groundwater would not be addressed.

Implementability

The No Action option is straightforward to implement.

Cost

" A cost estimate for this remedial alternative is shown in Table 5. The only costs associated with

this remedy would be those associated with the Site security fence. The total present worth cost

for this alternative is $57,000, based upon 30 years of maintenance.
7.2 Alternative 2: MNA with Institutional Controls

Overall Protection of Human Health and the Environment

The MNA with Institutional Controls remedial alternative will provide short-term and long-term
protection of human health and the environment. The mass of VOCs in groundwater in the AST
and FPP Areas would be permanently reduced over time by natural physical and biological
processes that have been shown to be occurring. Evaluation of the historical groundwater
concentrations and natural attenuation geochemical parameters measured at the Site reveal that
conditions are favorable for the anaerobic degradation of chloroform in the FPP Area, and that

degradation of ethylbenzene and xylene will also proceed anaerobically in the AST Area.

Institutional controls will provide the necessary protection while natural attenuation processes
effectively treat and mitigate VOCs in groundwater. Continued monitoring of reduction in
groundwater concentrations and of natural attenuation indicator parameters at both the AST and
FPP Areas would provide assurance and verification of the protectiveness of this remedial

alternative.
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Compliance with ARARs

~ MNA is expected to achieve compliance with chemical-specific groundwater ARARs over time.

Action-Specific ARARs

On-site actions (i.e., within the areal extent of contamination and all suitable areas in very close
proximity to the contamination necessary for implementation of the response action) need comply
only with the substantive aspects of ARARs, not with the corresponding administrative
requirements (e.g., consultation, issuance of permits, documentation, record keeping and
enforcement). Actions for this remedial alternative will include: installation, sampling, and
potential decommissioning of wells, and generation of contaminated media waste. Potential

action-specific ARARs, therefore, include:

e Virgin Islands Well Driller Requirements (VIC, Title 12, 157) requires well drillers to
obtain a license and for all non-private wells to be drilled by a licensed driller. Permits
are also required for new wells.

e Virgin Islands Requirements for Sealing Wells (VIC, Title 12, 161) requires effective
sealing of well if highly mineralized water is encountered or well is abandoned.

e Virgin Islands Solid and Hazardous Waste Management Act (VIC, Title 19, Part IV,
Chapter 58) provides for the establishment of regulations for the storage, collection,
transportation, and disposal of solid and hazardous waste (e.g., drill cuttings).

e Department of Transportation Rules for the Transportation of Hazardous Materials (49

"~ CFR Parts 107, 171.1 through 171.500) specify the procedures for packing, labeling
manifesting, and transporting hazardous materials from point of generation to the point of
treatment, storage or disposal.

e Occupational Safety and Health Standards for Hazardous Response Contractors (29 CFR
1926) establish worker health and safety program goals for CERCLA cleanup projects.

Location-Specific ARARs
Location-specific ARARs set restrictions on the conduct of remedial activities in particular
locations (e.g., floodplains). Generally, State/U.S. Territorial ARARs are used only where they
are more stringent than the federal ARAR-equivalent. As such, where equivalent Federal and
State/U.S. Territorial ARARs exist, only the Federal ARARSs are cited. Potential location-specific
ARARs therefore include:

e Executive Orders on Floodplain Management and Wetlands Protection (CERCLA
Floodplain and Wetlands Assessments-EO 11988 and 11990) require federal agencies to
assess potential effects of remediation on surrounding wetlands and in the floodplain.
Wetlands have been identified within the River Gut Channel adjacent to the Site, and are
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classified as a “PFO3A” wetland (M/H, 2000). This remedial alternative is not expected
to impact wetlands. In the event that wetlands were to be impacted by the
implementation of this remedial alternative, a wetlands assessment would be conducted
in accordance with EPA’s 1985 “Statement of Policy on Floodplains/Wetlands
Assessments for CERCLA Actions, which includes:

Wetlands delineation;

Discussion of the respective impacts of the remedial alternative;
Characterization of existing flora and fauna;

Discussion of the effects of contaminants on wetlands resources;
Measures to minimize potential adverse impacts that cannot be avoided;
A mitigation plan, if necessary; and,

Post-mitigation monitoring plan.

Since the Site lies within the 100-year floodplain of the River Gut, a floodplain
assessment would need to be conducted, if construction were to occur in the floodplain,
to minimize or avoid the adverse effects of the 100 and 500-year flooding event. The
assessment would include a discussion of the effects of the remedial alternative on the
floodplain, a comparison to the effects of the non-selected alternatives on the floodplain,
possible measures to minimize potential adverse floodplain impacts, and measures
undertaken to prevent spreading of Site contamination by a flooding event during
implementation of this remedial alternative.

e Coastal Zone Management Act (16 USC 1451, 15 CFR 298, 40 CFR 6.302(d) requires
approval that the remedial action be consistent with the policies of the Virgin Island
Coastal Zone Management Plan (CZMP) for actions affecting the coastal zone, including
lands thereunder and adjacent shorelands. The Site falls outside the designated coastal
zone and so actions must only comply with the general goals of the CZMP.

e Archaeological National Historic Preservation Act (16 USC 469; 40 CFR 6.301(c))
requires actions to recover and preserve artifacts if alteration of terrain threatens
significant scientific, prehistorical, historical, or archeological data. EPA has determined
that the majority of the site area has already been disturbed. Any actions that occur in
undisturbed areas could require a Cultural Resource Survey, however, this is not expected
as a part of this alternative.

e Earth Change plans and permits (VIC Title 12, Chapter 13, Sections 533 and 534)
requires approval of an earth change plan and issuance of and earth change permit for
clearing, grading, filling, or otherwise disturbing real property for any purpose. As noted
above, compliance with the substantive requirements only is required.

Design and implementation of this alternative is expected to comply with ARARs.
Short-Term Effectiveness

MNA will require a period of years to become fully effective. No additional short-term risks are

posed to the community; workers or the environment by implementation of this alternative.
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Appropriate measures would be taken to protect on-site personnel during construction of
monitoring wells and groundwater sampling activities. The use of the existing Site security fence
as part of the institutional controls provide short-term effectiveness to discourage trespassers from

accessing the Site.

Long-Term Effectiveness and Permanence

This remedial alternative will provide long-term permanent protection of human health and the
environment by permanently treating the mass of VOC contaminants in groundwater at the AST
and FPP Areas, Which will restore the groundwater conditions to acceptable levels. In addition,
long-term monitoring would be an integral part of the MNA remedial alternative to ensure the

continued effectiveness of the remedy. PRGs for soil in the AST Area would not be attained for a

number of years.

The Institutional Controls described in Section 5.0 are expected to be effective in the long-term to
prevent unauthorized access to the Site and future use of the Site for other than industrial

purposes.

Reduction of Toxicity, Mobility, and Volume Through Treatment

The natural biochemical and physical treatment associated with the ongoing natural attenuation
processes at the Site will permanently reduce the toxicity, mobility, and volume of Site
contaminants in groundwater and satisfies the stafutory preference for treatment. Currently, the
low groundwater velocity combined with natural attenuation has effectively imposed a steady
state condition of the contamination such that the plumes in both Areas are not expanding in areal
extent or depth. Intermediate degradation products of natural attenuation have very short half-
lives and are not expected to contribute to future exposure risks. Modeling of the AST Area
indicates that 99% and 97% of the ethylbenzene and total xylenes, respectively, that have left the
source areas have already biodegraded. Modeling of the chloroform plume in the FPP Area

indicates that 88% of the chloroform mass that has left the source area has been biodegraded.

Implementability

The MNA remedial alternative is easily implementable, since it relies on natural biochemical
processes that are already existing and that do not require enhancement. The services and
materials required to implement this alternative are standard within the industry and readily

available.
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Cost

A preliminary cost estimate for the MNA remedial alternative is presented in Table 6. The
estimated capital costs and O&M costs for this alternative are $161,560 and $545,530,
respectively. The total estimated present worth cost is $707,000. The MNA aspect of this cost

includes the installation/replacement of monitoring wells and annual monitoring for 15 years.
7.3 Alternative 3: Source Control (SVE/AS) with MNA

Overall Protection of Human Health and the Environment

The Source Control (SVE/AS) with MNA remedial alternative will provide short-term and long-
term protection of human health and the environment. Active in-situ treatment of the groundwater
and subsurface soil in the AST Area will rapidly and permanently reduce the mass of VOCs in
the saturated/unsaturated soil and groundwater. This action will also increase the effectiveness of
aerobic biodegradation processes in the area of SVE and air sparging. Aerobic and anaerobic
natural attenuation processes for groundwater VOC contamination beyond the influence of the
SVE/AS system will address residual groundwater contamination, considering that ethylbenzene
and xylene readily biodegrade. SVE will effectively treat the source to prevent any potential

further groundwater contamination caused by migration of soil contaminants to groundwater.

In the FPP Area, this remedial alternative would adequately protect human health and the
environment by the reduction of the mass of chloroform by natural physical and biological
processes that have been documented at the Site. Drastic decreases in maximum concentrations
within the FPP Area over the past two years indicate that strong natural attenuation processes are
at work. Evaluation of the historical natural attenuation geochemical parameters measured at the

Site confirms that conditions are favorable for the anaerobic degradation of chloroform.

Continued monitoring of reduction in groundwater concentrations and of natural attenuation
indicator parameters at both the AST and FPP Areas would provide assurance and verification of
the protectiveness of this remedial alternative. SVE would also be available as a contingency
measure if further source control were needed should MNA performance monitoring data indicate

a residual source concentration that was not protective of groundwater.
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Compliance with ARARs
The SVE/AS and MNA alternative is expected to achieve compliance with chemical-specific

ARARs for groundwater.

Action-Specific ARARs
In addition to the action-specific ARARs identified for the MNA alternative above, the following
potential action-specific ARARSs apply for the SVE/AS aspects of this alternative:

¢ Virgin Islands Air Pollution Control (VIC, Title 12, Chapter 9, Section 206-20) requires
permitting of controlled air discharges to atmosphere. During remedial activities at the
Site, emissions must be controlled and treated, if necessary, to comply with these
standards.

e Clean Air Act National Emissions Standards for Hazardous Air Pollutants (NESHAPS,
40 CFR Pt 61) establishes emissions standards for various hazardous contaminants. Soil
vapor extraction and groundwater air sparging will involve air emissions of Hazardous
Air Pollutants (xylenes, ethylbenzene) and the resulting discharges must meet these
emission standards.

e Control of Air Emissions from Superfund Air Strippers at Superfund Groundwater Sites
(OSWER Directive 9355.0-28) establishes guidance control of air emissions from air
strippers used at Superfund Sites for groundwater treatment and established procedures
for implementation. Although this guidance applies to air strippers, USEPA recognizes
the potential for applicability to other VOC sources in this document. Generally, the
guidelines described for air strippers are suitable for VOC air emissions from other
vented extraction techniques such as soil vapor extraction. This directive is
unpromulgated and as such is not ARAR but as “To Be Considered” (TBC) requirement.

Location-Specific ARARs

Location-specific ARARs are the same as for the MNA Alternative discussed above.
Design and implementation of this Alternative is expected to comply with ARARs.

Short-Term Effectiveness

Construction activities aésociated with the Source Control with MNA alternative introduce
limited short-term risks but the remedy itself will be effective in a relatively short time-frame, as
demonstrated by the Pilot Study Results (Golder, 2000). Appropriate health and safety measures
would be taken to protect workers during construction of the SVE/AS system, and subsequent
monitoring. A major portion of the SVE/AS system has been constructed already for the Spring
2000 Treatability Study.
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The existing security fence provides short-term protectiveness and discourages trespassers from

accessing the Site.

Long-Term Effectiveness and Permanence

The Source Control with MNA remedial alternative provides long-term permanent protection of
human health and the environment by permanently reducing the mass of VOC contaminants in
the subsurface soils and groundwater in the AST Area, which will enhance the effectiveness of
the natural attenuation remedy for groundwater and restore the soil and groundwater conditions to
acceptable levels. Chloroform contamination in groundwater at the FPP Area will continue to
undergo natural attenuation. The degradation processes involved in natural attenuation in both

Areas will permanently reduce levels of the Site COCs.

' Operation, inspection, monitoring, and maintenance will be regularly conducted to ensure the

continued long-term effectiveness of the SVE/AS and MNA aspects of the remedy.

Reduction of Toxicity, Mobility, and Volume Through Treatment

The soil vapor extraction (SVE) and groundwater air sparging will rapidly reduce the toxicity,
mobility and volume of VOC contaminants in the subsurface soils and groundwater in the AST
area. For example, the Spring 2000 Treatability Study showed a 92% reduction in groundwater
concentrations of ethylbenzene and xylenes in an AST Area shallow monitoring well following
short-term air sparging. Natural attenuation of residual contamination in the groundwater, will
also reduce the toxicity, mobility, and volume of remaining low-level VOCs in the groundwater.
Chloroform contamination in groundwater at the FPP Area will continue to undergo natural
attenuation reducing its toxicity, mobility, and volume. Currently, the low groundwater velocity
combined with natural attenuation has effectively imposed a steady state condition of the
contamination such that the plumes in both Areas are not expanding in areal extent or depth.
Intermediate degradation products of natural attenuation have short half-lives and are not

expected to contribute to future exposure risks.

Implementability
Implementation of the Source Control with MNA remedial alternative utilizes established
practices and the services and materials needed are standard within the industry and readily

available. Moreover, these process technologies have been implemented successfully at the Site.
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The basic infrastructure and most of the equipment needed to perform this remedial alternative
was installed during the Treatability Study, although some system upgrades are envisioned.
Other than a slightly lengthened implementation schedule due to the remote location of the Site,
no technical or administrative problems are envisioned which would adversely affect the
construction or schedule for implementation of this alternative. Similarly, long-term operation
and maintenance requirements can be readily performed, although the availability of personnel,

equipment, and spare parts is extremely limited on the Island.

Cost
A preliminary cost estimate for the Source Control with MNA remedial alternative is presented in

Table 7. The estimated capital costs and O&M costs for this alternative are $850,760 and

, $565,860, respectively. The total estimated present worth cost is $1,417,000. The SVE/AS

* aspect of the cost includes the installation of additional wells, one year of SVE/AS operation, and

three years of groundwater monitoring in the AST Area (i.e., quarterly during Year 1 and
semiannually during Years 2 and 3). The MNA component includes 15 years of groundwater
monitoring in the FPP Area with the same frequency as the AST Area for Years 1-3 and annually

thereafter.
74 Alternative 4: SVE/AS With Groundwater Extraction and Treatment

Overall Protection of Human Héalth and the Environment

This remedial alternative will provide short-term and long-term protection of human health and
the environment. Active treatment of the groundwater in both the AST and FPP Areas will
permanently reduce the mass of VOCs in the saturated zone. Further, active treatment of soil by
SVE in the AST Area will also rapidly and permanently reduce the mass of VOCs in the
unsaturated zone. Natural attenuation processes for groundwater VOC contamination beyond the
influence of the SVE/AS system will address residual groundwater contamination: SVE will
effectively prevent any potential further groundwater contamination caused by migration of soil

contaminants to groundwater.

Continued monitoring of reductions in groundwater concentrations in both Areas would provide

assurance and verification of the protectiveness of this remedial alternative.
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Compliance with ARARs
The Groundwater Extraction and Treatment with SVE/AS alternative is expected to achieve

compliance with chemical-specific ARARs for groundwater.

Action-Specific ARARs
The action-specific ARARs include those listed above in Section 7.2 for MNA, Section 7.3 for
the SVE/AS aspects of this alternative as well as the following:

e Federal and Virgin Islands requirements for National Pollution Discharge
Elimination System (NPDES) discharges to surface water

i

Location-Specific ARARs

~ The location-specific ARARs are the same as for the MNA alternative described in Section 7.2

above.
Design and implementation of this Alternative is expected to comply with ARARs.

Short-Term Effectiveness

Construction activities associated with this alternative introduce limited short-term risks, but the
remedy itself will be effective in a relatively short time frame. Appropriate health and safety
measures would be taken to protect workers during construction of the SVE/AS system,
construction of the extraction and treatment system, and subsequent monitoring. A major portion
of the SVE/AS system has been constructed already for the Spring 2000 Treatability Study. The
groundwater extraction system would conceptually involve two additional extraction wells, and
the installation of the equipment required for the treatment system units and appurtenances (tank,
air stripper, blower, pumps, housing) is straightforward, but would require labor and materials

from the mainland.

The existing security fence provides short-term protectiveness and discourages trespassers from

accessing the Site.

Long-Term Effectiveness and Permanence
This alternative provides long-term permanent protection of human health and the environment
by permanently reducing the mass of VOC contaminants in the subsurface soils and groundwater

in the AST Area, which will restore the soil and groundwater conditions to acceptable levels.
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Permanent reductions in the mass of chloroform will also be permanently achieved in the long-
term at the FPP Area via groundwater extraction, although these reductions are not expected to
exceed the magnitude or rate that will be attained by natural attenuation alone in the absence of

groundwater extraction.

Operation, inspection, monitoring, and maintenance will be regularly conducted to ensure the
continued long-term effectiveness of the SVE/AS and groundwater extraction/treatment aspects

of the remedy.

Reduction of Toxicity, Mobility, and Volume Through Treatment
The SVE and AS will rapidly reduce the toxicity, mobility, and volume of VOC contaminants in
the subsurface soils and groundwater in the AST Area, as evidenced by the Spring 2000

i Treatability Study results. Natural attenuation processes, including biodegradation, of residual

groundwater contamination will also reduce the toxicity, mobility and volume of any remaining

low-level VOCs in the groundwater.

The groundwater extraction and treatment system will also reduce the toxicity, mobility, and
volume of chloroform in groundwater at the FPP Area due to mass removal via extraction wells.
However, Spring 2000 monitoring data indicate that minimal mass remains, with groundwater
concentrations below or near MCLs. Therefore, any reductions in toxicity and volume via pump
and treat in the FPP Area would be minimal. Ongoing anaerobic biodegradation processes that
are currently responsible for the natural attenuation of chloroform in the FPP Area are expected to
diminish due to the introduction of oxygenated water associated with the pumping action. This
net effect is likely to be no additional reduction of toxicity, mobility, and volume beyond that

which will occur due to natural biodegradation alone in the absence of groundwater extraction.

Implementability

Implementation of this remedial alternative utilizes established practices and the services and
materials needed are staﬁdard within the industry and readily available. In the case of SVE/AS,
these technologies have been implemented successfully at the Site. The basic structure of this

system was installed during the Treatability Study, and minor upgrades are envisioned.

For the groundwater extraction and treatment system, a lengthened implementation schedule

would be expected due to the remote location of the Site. Also, certain units such as the
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equalization tank and air stripper system would likely need to be manufactured and shipped from
the U.S. mainland, which may extend the implementation schedule. However, no technical or
administrative problems are envisioned which would adversely affect the construction of this
alternative. For both groundwater extraction/treatment and SVE/AS, long-term operation and
maintenance requirements can be readily performed, although the availability of personnel,

equipment, and spare parts is extremely limited on the Island.

Cost

A preliminary cost estimate for this remedial alternative is presented in Table 8. The estimated
capital costs and O&M costs for this alternative are $1,219,240 and $877,330, respectively. The
total estimated present worth cost is $2,097,000 based on one year of SVE/AS operation and five

years of groundwater extraction and treatment. Cost include the installation of additional wells

" and MNA groundwater monitoring in the FPP Area for 15 years according to the following

schedule: quarterly for Year 1, semiannually for Years 2 and 3, annually from Years 3 to 15;
costs for groundwater monitoring in the AST Area for three years are included (i.e., one year of

SVE/AS operation and two years of post-shutdown monitoring).
75 Alternative 5: Groundwater Extraction and Treatment with MNA

Overall Protection of Human Health and the Environment

The Groundwater Extraction and Treatment with MNA remedial alternative will provide short-
term and long-term protection of human health and the environment. Active treatment of the
groundwater in the AST Area will permanently reduce the mass of VOCs in the saturated zone.
The remaining source mass in the AST Area vadose zone would be subject to anaerobic
biodegradation processes, and a portion of this source mass would leach to groundwater for

ultimate capture and removal by the active groundwater extraction and treatment system.

In the FPP Area, this remedial alternative would adequately protect human health and the
environment by the reduction of the mass of chloroform by natural physical and biological

processes that have been documented at the Site, as discussed in Sections 2 and 7.3 above.
Continued monitoring of reductions in groundwater concentrations in both Areas, and natural

attenuation parameters in the FPP Area, would provide assurance and verification of the

protectiveness of this remedial alternative.
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Compliance with ARARs
The Groundwater Extraction and Treatment with MNA alternative is expected to achieve

compliance with chemical-specific ARARs for groundwater.

Action-Specific ARARs

The action-specific ARARs include those listed above in Section 7.4 above.

Location-Specific ARARs

The location-specific ARARs are the same as described in Section 7.2 above.

Design and implementation of this Alternative is expected to comply with ARARs.

Short-Term Effectiveness

Construction activities associated with the Groundwater Extraction and Treatment with MNA
Alternative introduce limited short-term risks, but the remedy itself will likely be effective in a
relatively short time frame. Appropriate health and safety measures would be taken to protect
workers during construction of the groundwater extraction and treatment system, and subsequent
monitoring. The extraction system would only involve two additional extraction wells, and the
installation of the equipment required for the treatment system units and appurtenances (tank, air
stripper, blower, pumps, housing) is straightforward, but would require labor and materials from

the U.S. mainland.

The existing security fence provides short-term protectiveness and discourages trespassers from

accessing the Site.

Long-Term Effectiveness and Permanence

The Groundwater Extraction and Treatment with MNA alternative provides long-term permanent
protection of human health and the environment by permanently reducing the mass of VOC
contaminants in the groundwater in the AST Area. Preliminary remedial goals for soils in the
AST Area would not be attained for many years and migration to groundwater would continue.
Also, the long-term effectiveness of pump and treat is uncertain, considering the heterogeneous
nature of subsurface strata on-Site. Chloroform contamination in groundwater in the FPP Area
will continue to undergo natural attenuation, which will permanently reduce levels of chloroform

over a short time period.
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Operation, inspection, monitoring, and maintenance would be regularly conducted to optimize the
long-term effectiveness of the groundwater extraction/treatment aspects of the remedy.
Continued monitoring of groundwater concentrations of chloroform and natural attenuation
parameters in the FPP Area will be regularly conducted to ensure the continued long-term

effectiveness of the MNA aspect of the remedy.

Reduction of Toxicity, Mobility, and Volume Through Treatment

The gfoundwater extraction/treatment will reduce the toxicity, mobility, and volume of VOC
contaminants in‘ fhe groundwater in the AST Area. Natural attenuation processes, inéluding
biodegradation, of residual soil contamination will also reduce the toxicity, mobility and volume

of remaining VOCs in the vadose zone. Spring 2000 groundwater monitoring results indicate that

the remaining plume mass of chloroform is minimal with concentrations generally below MCLs.

" Therefore, any reduction in toxicity and volume by pump and treat in the FPP Area would be

minimal. Similarly, chloroform contamination in the FPP Area groundwater will continue to

undergo rapid natural attenuation reducing its toxicity, mobility, and volume.

Implementability
Implementation of the Groundwater Extraction and Treatment with MNA remedial alternative
utilizes established practices and the services and materials needed are standard within the

industry and readily available.

For the groundwater extraction and treatment system, a lengthened implementation schedule
would be expected due to the remote location of the Site. Also, certain units such as the
equalization tank and air stripper system would likely need to be manufactured and shipped from
the U.S. mainland, which may extend the implementation schedule. However, no technical or
administrative problems are envisioned which would adversely affect the construction of this

alternative. For both groundwater extraction/treatment and MNA, long-term operation and

maintenance requirements can be readily performed, although the availability of personnel,

equipment, and spare parts is extremely limited on the Island.

Cost
A preliminary cost estimate for the Groundwater Extraction and Treatment with MNA remedial
alternative is presented in Table 9. The estimated capital costs and O&M costs for this alternative

are $1,121,480 and $1,030,370, respectively. The total estimated present worth cost is
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$2,152,000. The MNA aspect of the cost includes the installation of additional wells and
groundwater monitoring for 15 years according to the following schedule: quarterly for Year 1,
semiannually for Years 2 and 3, annually from Years 3 to 15. The groundwater extraction and
treatment aspect of the cost includes the installation of two extraction wells, materials and
installation of the treatment and discharge system, groundwater monitoring at the same frequency

as described above, and 5 years of operation.
7.6 Comparative Evaluation

Overall Protection of Human Health and the Environment
Under the current use scenario, all five alternatives provide a similar degree of protection of

human health and the environment. However, the No Action alternative does not address risks to

; future on-site workers, and the lack of any institutional control other than the security fence

would potentially allow unrestricted future use of the Site.

The remaining alternatives all include a monitoring component that would provide a means to
evaluate the protectiveness of the remedy. Although natural attenuation would still occur under
the No Action alternative, there would be no verification or measure of the extent to which these

Processes are occurring.

Alternative 3 would be more efficient than MNA alone (e.g., Alternatives 2) in overall protection
of human health, since the inclusion of SVE/AS would remove mass from the AST source area
more quickly, and reduce the amount of time to achieve remedial goals. Similarly, Alternative 3
would be more efficient than Alternative 5 in three ways: (1) SVE will rapidly remove and reduce
the source mass in the vadose zone whereas groundwafer extraction does not address the vadose
zone; (2) AS is expected to be much more effective at removing mass than groundwater
extraction, and will better facilitate aerobic biodegradation processes via introduction of air; and
(3) SVE/AS could be more readily implemented considering operational system costs. Each of

the five alternatives is expected to fully protect human health and the environment.

With respect to Alternative 4, and as noted previously, cleanup in the FPP Area is expected to
occur no more rapidly than via natural attenuation by itself (included as a component in
Alternatives 1, 2 3 and 5). Further, groundwater data from Spring 2000 show that only one

monitoring well currently exhibits chloroform concentrations above MCLs, which indicates that
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natural attenuation is adequately protective without the need for any active extraction system. As
noted by USEPA, the Spring 2000 data indicates that extracted groundwater may potentially meet
discharge standards, as extracted, with no treatment. Therefore, implementing an active
extraction system (i.e., Alternative 4) will not likely be any more effective or more protective
than allowing natural attenuation to continue to remediate the low residual mass of chloroform in

the FPP Area.

Compliance with ARARs .
Although the No Action alternative is expected to eventually comply with chemical-specific
ARARs for groundwater, there would be no monitoring component to verify attainment. All five

alternatives can be implemented to achieve compliance with chemical-specific, action-specific,

~ and location-specific ARARSs.

Short-Term Effectiveness

All five alternatives are effective in the short-term. Alternatives 3, 5, and 4, in this order, provide
increasingly greater degrees of on-Site and subsurface construction, and therefore present
increasing concern with short-term effectiveness as it pertains to worker health and safety.
However, Alternatives 3 and 5 are more effective than Alternatives 1 and 2 in the short-term,
since they provide for more aggressive source removal of Site contaminants in the soil and/or
groundwater in the AST Area. Alternative 3 is more effective in the short-term than Alternatives
4 and 5, considering it can be readily implemented. Alternative 4 is unlikely to be significantly
more effective than the other Alternatives in the FPP Area in the short-term, given the low mass

of chloroform and the current rate of natural biodegradation.

Long-Term Effectiveness and Permanence

All five alternatives afford a similar degree of long-term effectiveness and permanence for
groundwater. However, Alternative 1 does not provide a monitoring component to verify the
long-term effectiveness of natural attenuation. Alternatives 2 and 5 will allow Site contaminants
to remain in the AST Area for a greater period of time than Alternatives 3 and 4; however, oft-
Site risks to human health and the environment are not expected with any Alternative. A
permanent remedy will be achieved more quickly by Alternatives 3, and 4, since a large mass of
contaminants will be removed more quickiy from the soil and groundwater rather than by reliance
on natural biological and physical processes. Alternatives 3 and 4 are expected to perform

similarly in the long term.
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Reduction of toxicity, mobility, and volume through treatment

All five remedial alternatives provide reduction of toxicity, mobility and volume through
treatment by natural biodegradation processes to convert ethylbenzene, xylene, and chloroform to
intermediate transformation products, and eventually, to non-toxic final products. For
Alternatives 3, 4, and 5, active removal will occur via SVE/AS and/or groundwater extraction,
but treatment may not be required to comply with emissions standards. For example, based on
Spring 2000 data, it is likely that groundwater extracted from the FPP Area (i.e., Alternative 4)
may already meet discharge standards without treatment. Consequently, minimal benefit in
reducing toxicit)"-ahd volume would be realized through groundwater extraction and treatment.
Also, chloroform emissions from the air stripper are not expected to require treatment. Natural

attenuation, which is a component of Alternatives 1, 2, 3, and 5, will not result in mass transfer of

- contaminants from groundwater to as part of the treatment processes.

Implementability

In general, all five alternatives are implementable. Alternative 1 is the simplest to implement,
followed in order of ease by Alternatives 2, 3, 5, and 4, considering that an operational system for
Alternative 3 exists.. However, materials, services, and equipment associated with the
implementation of each remedial alternative are generally available on the mainland and on larger
islands such as Puerto Rico. More specialized equipment such as the low profile air stripper (i.c.,
Alternatives 4 and 5) and associated spare parts are somewhat less widely available, and would
need to be manufactured and shipped from the U.S. Therefore, a longer lead time would be
required for certain equipment. Also, Alternatives 3, 5, and 4 (in that order) are increasingly
more intensive in terms of operations and maintenance than Alternatives 1 and 2. Finally,
although a Site security fence is present and would be maintained under all Alternatives,
vandalism and theft are significant concerns at the Site; therefore, the installation of any
additional equipment under Alternatives 3, 4, and 5 will increase the risk of loss due to

theft/vandalism and potentially inhibit the implementability of these alternatives.

Cost

Costs for each remedial alternative increase in the following order: Alternative 1, Alternative 2,
Alternative 3, Alternative 5, and Alternative 4. However, most of the costs for the SVE/AS
system associated with Alternatives 3 and 4 have already been incurred as a result of the

Treatability Study.
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Summary
The following table provides a summary of the relative rankings of the five remedial alternatives
for each of the seven NCP criteria. Alternatives assigned a rank of “First” were considered to be

the most preferable in the associated category (i.e., least cost, most effective, most easily

implemented, etc.).

Relative Protection of | Compliance Short-Term Long-Term Reduction of | Implementability Cost
Rankin Human With ARARs Effective- Effective- Toxicity,
£ Health  and ness Ness Mobility,
Environment Volume
Alt. 3,4
(AST
. Alt. 2,3 Area)
* (4]
First Alt. 3, 4 4,5 Alt. 3 Alt. 3,4 AlL. 3 Alt. 1 Alt. 1
© (FPP
Area)
Second - - Alt. 5 - Alt. 4 Alt. 2 Alt. 2
Third Alt. S - Alt. 4 Alt. 5 Alt. S Alt. 3 Alt. 3
Fourth Alt. 2 - Alt. 2 Alt. 2 Alt. 1,2 Alt. S Alt. S
Fifth Alt. 1 Alt. 1 Alt. 1 Alt. 1 - Alt. 4 Alt. 4

* Indicates most preferable alternative(s) in given category.

g:\projects\003-6016\golder\feas.study(fs)\fs report\fs-june 2001\fstext.doc
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Table 1
Summary of Calculated Risks
Virgin island Chemical Site

Reasonable Maximum Exposure Central Tendency
Cancer Risk/ Media Contaminants’ Exposure Cancer Risk/ Media Contaminants’ Exposures
Receptor Hazard Index Analyzed with Significant Risk Pathways Hazard Index Analyzed with Significant Risk Pathways
1.E-06 Surface Soil Arsenic Ingestion® 1.E-07 Surface Soil Ingestion
Hl= 5.3E-02 Dermal Contact - Dermal Contact
Inhalation Inhalation
Current - Adult Trespasser 3.E-07 Soil/Sediment tngestion NC Soil/Sediment Ingestion
Hi=2.5E-02 | (Gut System} - Dermal Contact - Dermal Contact
Inhatation inhalation
5.E-07 Surtace Soil Ingestion NC Surface Soil Ingestion
Hi= 1.6E-01 - Dermal Contact - Dermal Contact
Current - Pre-adolescent inhatation Inhalation
Trespasser 1.E-07 Soil/Sediment Ingestion NC Soil/Sediment ingestion
Hi=7.5E-02 | (Gut System) - Dermal Contact - Denmal Contact
. Inhalation Inhalation
8.E-04 Groundwater Chloroform IngesticmZr 9.E-05 Groundwater Chlcroform Ingestio
Hi= 2.5E+02 Arsenic Dermal Contact’] Hi= 8.2E+01 Manganese Dermal Contact?
Future - Adult Resident tron Inhalatior? Arsenic Inhalatior?
Manganese
Methylene Chloride
4.E-04 Groundwater Chloroform lngesﬁonr 1.E-04 Groundwater Chloroform fngestion
Hi= 6.0E+02 Methylene Chloride | Dermal Contact| Hi= 2.0E+02 Methylene Chioride { Dermal Contact
Future - Chitd Resident Arsenic Inhalatior? Arsenic inhalatior?
ron iron
Manganese Manganese
1.E-03 Groundwater Chloroform Ingestion2 2.E-04 Groundwater Chloroform Ingestiol
Future - Adult and Child Methytene Chioride | Dermal Contact? Methylene Chioride | Dermal Contact®
Resident® Arsenic Inhatatior? Arsenic Inhalatior?
Iron
9.E-04 Groundwater Chloroform Ingestion® 2.E-04 Groundwater Chloroform Ingestion®
Hi= 3.3E+02 Methylene Chloride | Dermal Contact?| Hi=3.3E+02 Arsenic Dermal Contact?
: Arsenic Inhatatior” Inhatation”
Futyre - Industrial/Commercial 3.E-06 Surface Soil Arsenic Ingestion® 5.E-07 Surface Soil Ingestion
Worker Hi= 1.36-01 Dermat Contact NC - Dermal Contact
Inhalation Inhalation
6.E-07 Soil/Sediment Ingestion NC Soil/Sediment Ingestion
Hl=6.1E-02 (Gut System) - Dermal Contact NC - Dermal Contact
Inhalation Inhalation
7.€-07 Surface Soil Ingestion NC Surface Sail Ingestion
Hi= 1.2E+00 -7 Dermal Contact} Hi=2.5E-01 - Dermal Contact
Future - Construction Worker _ _ Inhatation A Inhalation
2.E-07 Soil/Sediment Ingestion NC Soil/Sediment Ingestion
Hi= 5.6E-01 (Gut System) - Dermal Contact NC - Dermal Contact
Inhalation Inhalation

Notes:

. Only those contaminants exceeding a 1E-6 cancer risk or HI = 1 are listed.
. Denotes exposure pathways within a media where the calculated risk exceeded a 1E-6 or Hi = 14,

. Pre-adolescent trespassers are those between 7 and 12 years of age.

1
2
3. —indicates no contaminants are contributing significant risk to the receptor.
4
5

. Risks and hazards include contributions from the contribution of methylene chloride and acetone.
The presence of these analytes in samples is a result of blank contamination and does not represent site conditions.

@~Na
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NC indicates the central tendency risks/hazards were not calculated because the RME risks were below benchmark levels.
Although in cumulative risk exceeds 1, individual risks are all <1.
- Cumulative non-carcinogenic risks for adult and child residents are calculated separately.
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Table 2
Preliminary Remediation Goals
VICHEM Site, St. Croix, USVI

l Groundwater
= |Chloroform 80 ug/! Agreement between USEPA, Berlex, and P&U; Proposed MCL
l Arsenic 50 ug/l |40 CFR Part 141 - Primary MCLs
 |Ethylbenzene 700 ug/| 40 CFR Part 141 - Primary MCLs
; Methylene Chloride 5 ug/l 40 CFR Part 141 - Primary MCLs "
' Xylene 10,000 ug/l |40 CFR Part 141 - Primary MCLs
Surface Soil
l Arsenic 3.83 mg/kg |Risk Based Calculation based on future industrial worker exposure
Iron 31,933 mg/kg |Two times background concentration per Final Rl Report McLaren/Hart, 2000)
' Manganese 1,600 mg/kg |Risk Based Calculation (via ingestion) {McLaren/Hart, 2000)
b Subsurface Soil
'n\cetone 8,000 ug/kg | SSL DAF 10
~ |Ethylbenzene 6,500 ug/kg [SSL DAF 10
No SSL has been established for total xylenes so the most conservative isomer
Xylenes 90,000 ug/kg [(o-xylene) has been used; DAF 10
Notes: .

(1) - The methylene chloride data presented in the Final Rl Report (M/H, 2000) showed results below the Contract Required
Quantitation Limit that were neither changed to the Sample Quantitation Limits nor correctly qualified. Qualifiers of "BJ", "B",
or simply "J" were used rather than the correct qualifier, which is "U" (non-detect).

(2) - The PRG is a site-specific, risk-based concentration developed using site-specific exposure assumptions for the future
industrial/commercial worker. The PRG was calculated using the intake value from Table 8.11a of the Risk Assessment,
using a 1E-06 end point and a ratio of the intake.

See also "Summary of Calculated Risks" table herein.
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TABLE 3 e
ESTIMATED DRAWDOWN, PUMPING RATE AND WELL SPACING IN FPP AREA
. i ; issivityl el Pumping| Hydraulic Sl " | Width of Capture | Precipitation Radius of Infl Water Level above Base of | 1) ynwn|  Distance for Weli 1 Distance for Well 2
Hydraulic Conductivity Thickness| Transmissivity] Rate Gradient co ::3::!6 e Zone Recharge adius of Influence Aquifer
(y=0} . for Ro No Pumping Pumping Pumping [ Yes ~ IPumping 1T Yes
Calcutation Conditions Conditions Well Diam. =] 0:60 %] Reinjection} No
K b T=Kb Q § x y 2y R ro = [Q(x R)] ** Ho h D=Ho-h r
h = [Ho-QIn(ro/r)/{zK)] * o
vs] | (ivday] | fcmvs) Ity (i%/day] | [gpm] Jit7day] — [fury 0] 1t {t] | [fvday] [(inchiyear ift) i | ft] ] {ft) 1
34E-05 295 48 145 290 6.0E-04 285 15.00 10.93 -4.07 0.50 050  100.50 99.50
-~ 10.14 -4.86 0.18 -0.18  100.18 99.82
10.59 -4.41 0.32 -0.32 100.32 99.68]
1.0 10.83 © 407 0.50 -0.50 100.50 99.50
11.21 -3.79 073 -0.73 100.73 99.27!
11.46 -3.54 1.02 -1.02 101.02 98.98|
00 S 11.69 331 1.41 -1.41 101.41 98.59
11.91 -3.09 1.91 -1.91 101.91 98.09
12.11 -2.89 257 -2.57 102.57 97.43
o2 12.31 -2.69 342 -3.42 103.42 96.58
° 12.49 <251 4.52 -4.52 104.52 9548
_ 12.68 -2.32 596 -5.96 105.96 984 .04
H 12.85 -2.15 7.83 -7.83 107.83 9217
i‘ 13.03 -1.97 10.26 -10.26 110.26 89.74
H 13.20 -1.80 13.41 -13.41 113.41 86.59,
H 13.36 -1.64 17.52 1752 11752 82.48
& 13.53 o147 22.85 -22.85 122.85 77.15
13.69 -1.31 2979 -29.79 129.79 7021
. 13.85 -1.15 38.81 -38.81 138.81 61.19]
14.01 -0.99 50.53 -50.53 150.53 49.47,
14.16 -0.84 65.77 -65.77 165.77 34.23]
14.32 -0.68 85.58 -85.58 185.58 14.42
14 .47 053 11133 -111.33 21133 -11.33
14.62 -0.38 14481 -144.81 244 .81 -44 81
50 14.77 -0.23 188.34 -188.34 288.34 ' -88.34|
100.0 500 0.0 50.0 100.0 1500 2000 14.92 -0.08 244.92 -244 92 344.92 -144 92|
Distance [feet]
© Overalt Qrawdown (by supé;;osniun)—]
|
o .
o
o
o
o0}
(8]
1 G1\003-6016\golder\F S\Pumpand TAFPP wells upper alluvium.xis\Drawdown Unconfined Golder Associates Page 10f t
]
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TABLE 4
ESTIMATED DRAWDOWN, PUMPING RATE AND WELL SPACING IN AST AREA
; . . .| Well Pumping| Hydraulic Slagqahon Width of Capture Precipitation Radi £ ol Water Level above Base of Drawdown| Distance for Weil 1 Distance for Well 2
Hydraulic Conductivity Thickness| Transmissivity] Rate Gradient Cogzz:ta e Zone Recharge adius @ uence Aquifer O\
(y=0) for Ro No Pumping | Pumping Pumping | Yes {Pumping |7
Calcutation Conditions Conditions Well Diam. =[5 Reinjection]  No
K b T=Kb Q 1 x y 2y R ro = [Q/{x RJ ** Ho h D =Ho-h r
h = [Ho’-Qin{roini{nK)) **
tivs] | jfuday) ] [cmis) 1] (f7day] | |gpm] [[it7day] _ furg [t 0] 11t} | (rvday] Jjinchiyear] [ft) | [} [ft] It [ft)
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June 2001

003-6016
Table 5
Preliminary Cost Estimate - Alternative No. 1
No Action
Virgin Island Chemical Site
Activity Estimated
A Cost
EXISTING DIRECT CAPITAL COSTS
Fence Installation $45,000
Total Existing Direct Capital Costs $45,000
TOTAL DIRECT CAPITAL COST
ESTIMATED INDIRECT CAPITAL COSTS
Gen. Engineering Services (15%) $0
Permitting/Regulatory Coordination (3%) $0
Implement Health & Safety Plan (20%) $0
Construction Oversight/QA/QC (20%) $0
Contingency (30%) $0
TOTAL CAPITAL COSTS $45,000
O & M COSTS
General Site Maintenance
Fence Repair $1,000
TOTAL ANNUAL Site Maintenance O & M COST $1,000
PRESENT WORTH General Site Maintenance (30 YEARS @ 7%) $12,000
TOTAL O&M COST FOR THIS ALTERNATIVE $12,000
COST OF REMEDY $57,000
003-6016\FS\FS-June2001\Tbles5-7REV.xls, Table 5 Golder Associates Paage 1 of 1
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June 2001 003-6016

Table 6
Preliminary Cost Estimate - Alternative No.2
Monitored Natural Attenuation
Virgin Island Chemical Site

Activity Cost

EXISTING DIRECT CAPITAL COSTS

Fence Installation $45,000

Total Existing Direct Capital Costs ) $45,000

ESTIMATED DIRECT CAPITAL COSTS

Monitored Natural Attenuation

Monitoring Wells (5) $12,000
General

Mobilization/Demobilization for Drilling $50,000
TOTAL DIRECT CAPITAL COST $62,000
ESTIMATED INDIRECT CAPITAL COSTS

Gen. Engineering Services (15%) $9,300
Permitting/Regulatory Coordination (3%) $1,860
Implement Health & Safety Plan (20%) © $12,400
Construction Oversight/QA/QC (20%) $12,400
Contingency (30%) $18,600
TOTAL CAPITAL COSTS $161,560
O & M COSTS

General Site Maintenance

Fence Repair $1,000
TOTAL ANNUAL Site Maintenance O & M COST $1,000
PRESENT WORTH General Site Maintenance (30 YEARS @ 7%) $12,410
Monitored Natural Attenuation - Annual

Mobilization/Demobilization $10,000
IDW Disposal $5,000
TOTAL ANNUAL MNA Mob/Demob and IDW Costs $15,000
PRESENT WORTH MNA Mob/Demob and IDW (15 Years @ 7%) $136,620
Sampling (15-well network at $1,913/well/event):

Year 1, quarterly: Present Worth (1 yr @7%) $107,000
Years 2-3, semiannually: Present Worth (2 yrs@7%) $97,000
Years 4-15, annually: Present Worth (12 yrs @ 7%) $186,000
TOTAL PRESENT WORTH, Annual Sampling $390,000

Monitored Natural Attenuation
O & M COSTS One Time - Yr Seven

Well Rehabilitation ) $10,400
TOTAL One Time Monitored Natural Attenuation O & M COST $10,400
PRESENT WORTH (7th YEAR @ 7%) $6,500
TOTAL O&M COST FOR THIS ALTERNATIVE $545,530
COST OF REMEDY ‘ $707,000
' 003-6016\FS\FSJune200N\Tbless-7REV.xls, Table 6 Golder Associates ~ Pace1of1 ...
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June 2001

003-6016
Table 7
Preliminary Cost Estimate - Alternative No. 3
Air Sparging/SVE and Monitored Natural Attenuation
Virgin Island Chemical Site
Activity Cost
EXISTING DIRECT CAPITAL COSTS
Fence Installation $45,000
Existing SVE Pilot System (actual costs incurred) $520,000
Total Existing Direct Capital Costs $565,000
ESTIMATED DIRECT CAPITAL COSTS
Air Sparge/SVE
Wells & Accessories $40,000
Below Ground Conveyance System $5,000
Mechanical & Controls $20,000
Compressor & Blowers $25,000
Monitored Natural Attenuation
MNA and Groundwater Monitoring Wells (5) $12,000
General
Mobilization/Demobilization for Drilling $50,000
TOTAL DIRECT CAPITAL COST $152,000
ESTIMATED INDIRECT CAPITAL COSTS
Gen. Engineering Services (15%) $22,800
Permitting/Regulatory Coordination (3%) $4,560
Implement Health & Safety Plan (20%) $30,400
Construction Oversight/QA/QC (20%) $30,400
Contingency (30%) $45,600
TOTAL CAPITAL COSTS $850,760
O & M COSTS
General Site Maintenance
Fence Repair $1,000
TOTAL ANNUAL Site Maintenance O & M COST $1,000
PRESENT WORTH General Site Maintenance (30 YEARS @ 7%) $12,410
003-6016\F S\FSJune200\Tbles5-7REV.xls, Table 7 Golder Associates Page 10of2 .
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June 2001

Table 7
Preliminary Cost Estimate - Alternative No. 3

Air Sparging/SVE and Monitored Natural Attenuation

Virgin Island Chemical Site

Activity Cost
Soil Vapor Extraction/Air Sparging: -
O & M cost for Year 1 $20,000
Mobilization/Demobilization . $15,000
Monitoring and Testing - soil vapor, off-gas, dissolved oxygen, pressures, flows $10,000
Traiter $3,210
Utility Services (Gas/Electric) $42,000
TOTAL ANNUAL SVE/ AIR SPARGING O & M COST $90,210
PRESENT WORTH SVE/AIR SPARGING (1 yr @7%) $84,350
Monitored Natural Attenuation
Mobilization/Demobilization $10,000
IDW Disposal $5,000
[TOTAL ANNUAL MNA Mob/Demob and IDW O & M COST $15,000
PRESENT WORTH Monitored Natural Attenuation (15 YEARS @ 7%) $136,620

\

Monitored Natural Attenuation - Sampling
Year 1, quarterly: Present Worth (1 yr @ 7%) - AST and FPP Areas $107,000
Years 2-3, semiannually: Present Worth (2 yrs @ 7%) - AST and FPP Areas $97,000
Years 4-15, annually: Present Worth (12 yrs @ 7%) - FPP Area only $122,000
TOTAL PRESENT WORTH MNA Sampling $326,000
Monitored Natural Attenuation
O & M COSTS One Time - Yr Seven
Well Rehabilitation $10,400
'T?.TAL One Time Monitored Natural Attenuation O & M COST $10,400
PRESENT WORTH (7th YEAR @ 7%) $6,480
TOTAL O&M COST FOR THIS ALTERNATIVE $565,860
COST OF REMEDY $1,417,000

003-6016\F S\FSJune2001\Tbles5-7REV.xis, Table 7
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June 2001
Table 8
Preliminary Cost Estimate - Alternative 4
Air Sparging/SVE/Groundwater Extraction and Treatment
Virgin Island Chemical Site
Activity Cost
EXISTING DIRECT CAPITAL COSTS
Fence Installation $45,000
Existing SVE Pilot System (actual costs incurred) $520,000
TOTAL EXISTING DIRECT CAPITAL COSTS $565,000
ESTIMATED DIRECT CAPITAL COSTS
Air Sparge/SVE
Wells & Accessories (3 new AS wells) $24,000
Below Ground Conveyance System $3,000
Mechanical & Controls $12,000
Compressor & Blowers $25,000
Groundwater Extraction and Treatment
Extraction and Discharge $150,000
Treatment Setup $69,000
Monitoring Wells $15,000
General
Mobilization/Demobilization for Drilling $50,000
TOTAL DIRECT CAPITAL COST $348,000
ESTIMATED INDIRECT CAPITAL COSTS
Gen. Engineering Services (15%) $52,200
Permitting/Regulatory Coordination (3%) $10,440
Implement Health & Safety Plan (20%) $69,600
Construction Oversite/QA/QC (20%) $69,600
Contingency (30%) $104,400
TOTAL CAPITAL COSTS $1,219,240
O & M COSTS
General Site Maintenance
Fence Repair $1,000
TOTAL ANNUAL Site Maintenance O & M COST $1,000
PRESENT WORTH General Site Maintenance (30 YEARS @ 7%) $12,410
Soil Vapor Extraction/Air Sparging:
O & M cost for 1 year $6,000
Mobilization/Demobilization $10,000
Analytical Testing $7,500
Trailer $3,210
Utility Services (Gas/Electric) $42,000
TOTAL ANNUAL SVE/ AIR SPARGING O & M COST $68,710
PRESENT WORTH SVE/AIR SPARGING (1 YEARS @ 7%) $64,240
’/
| 400091
G:/003-6016/F SIFS.June200 1AbIBZIREV xIs/Table 8 - GETAAS Golder Associates Page 1 of 2
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June 2001
Table 8
Preliminary Cost Estimate - Alternative 4
Air Sparging/SVE/Groundwater Extraction and Treatment
Virgin Island Chemical Site
Activity Cost
Extraction and Air Stripping
Equipment O&M Cost $26,000
Mobilization/Demobilization $15,000
Compliance/Performance Monitoring and Sampling - soil vapor, off-gas and (pre-)
treated water $75,000
IDW Disposal $5,000
Trailer $3,210
Utility Services (Gas/Electric) $10,000
Permits $1,000
TOTAL ANNUAL Exiraction and Air Stripping O & M COST $135,210
PRESENT WORTH Extraction and Air Stripping (5 YEARS @ 7%) $554,360
Groundwater Monitoring (MNA and Extraction System)
-Year 1, quarterly: Present Worth (1 yr @ 7%) $107,000
-Years 2-3, semi-annually, Present Worth (2 yrs @ 7%) $97,000
-Years 4-7, annually, 8 wells only, Present Worth (4 yrs @ 7%) $42,320
PRESENT WORTH Annual Sampling $246,320
TOTAL O&M COST FOR THIS ALTERNATIVE $877,330
COST OF REMEDY $2,097,000
G/003-6016/F SIFSJune2001/bIBAIRE V. xis/Table § - GETEAS Golder Associates
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I June 2001 003-6016

Table 9
Preliminary Cost Estimate - Alternative 5
MNA/Groundwater Extraction and Treatment
Virgin Island Chemical Site

' Activity Cost
EXISTING DIRECT CAPITAL COSTS
' Fence Installation $45,000
' Existing SVE Pilot System (actual costs incurred) $520,000
TOTAL EXISTING DIRECT CAPITAL COSTS $565,000
l ESTIMATED DIRECT CAPITAL COSTS
MNA
l Monitoring Wells $12,000
Groundwater Extraction and Treatment
Extraction and Discharge $150,000
I Treatment Setup $69,000
Monitoring Wells $15,000
l General
Mobilization/Demobilization for Drilling $50,000
TOTAL DIRECT CAPITAL COST $296,000
' ESTIMATED INDIRECT CAPITAL COSTS
Gen. Engineering Services (15%) $44,400
Permitting/Regulatory Coordination (3%) $8,880
' Implement Health & Safety Plan (20%) $59,200
Construction Qversite/QA/QC (20%) $59,200
Contingency (30%) $88,800
l TOTAL CAPITAL COSTS $1,121,480
O & M COSTS
General Site Maintenance
: Fence Repair $1,000
TOTAL ANNUAL Site Maintenance O & M COST $1,000
PRESENT WORTH General Site Maintenance (30 YEARS @ 7%) $12,410
l Monitored Natural Attenuation
Mobilization/Demobilization $10,000
IDW Disposal $5,000
l TOTAL ANNUAL Mob/Demob & IDW O & M COST $15,000
PRESENT WORTH Mob/Demob & IDW (15 YEARS @ 7%) $136,620
Monitored Natural Attenuation - Annual Sampling (8 wells)
-Year 1, quarterly: Present Worth (1 yr @ 7%) $57,000
-Years 2-3, semi-annually, Present Worth (2 yrs @ 7%) $52,000
-Years 4-15, annually, Present Worth (12 yrs @ 7%) $99,000
PRESENT WORTH Annual Sampling $208,000

G:/FS/FSReport/FSJune2001/tbI8&IREV xls/Table 9 - GET&MNA
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June 2001

Table 9

Preliminary Cost Estimate - Alternative 5
MNA/Groundwater Extraction and Treatment

Virgin Island Chemical Site

Activity Cost
Monitored Natural Attenuation
O & M COSTS One Time - Yr Seven
Well Rehabilitation $12,000
TOTAL One Time Monitored Natural Attenuation O & M COST $12,000
PRESENT WORTH (7 YEARS @ 7%) $7,480
Extraction and Air Stripping
Equipment O&M Cost $26,000
Mobilization/Demobilization $10,000
Monitoring and Sampling $75,000
IDW Disposal $5,000
Trailer $3,210
Utility Services (Gas/Electric) $10,000
Permits ' $1,000
TOTAL ANNUAL Extraction and Air Stripping O & M COST $130,210
PRESENT WORTH Extraction and Air Stripping (5 YEARS @ 7%) $533,860
Groundwater Extraction/ Treatment Monitoring (7 wells)
-Year 1, quarterly: Present Worth (1 yr @ 7%) $50,000
-Years 2-3, semi-annually, Present Worth (2 yrs @ 7%) $45,000
-Years 4-7, annually, Present Worth (4 yrs @ 7%) $37,000
PRESENT WORTH Annual Sampling $132,000
TOTAL O&M COST FOR THIS ALTERNATIVE $1,030,370
COST OF REMEDY $2,152,000

G.:/FS/FSReport/FSJune2001/tbIB&IREV.xis/Table 9 - GETARMNA
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Figure8
Model vs. Actual Xylene Concentrations Downgradient of Source
1-D Advection/Dispersion with Linear Sorption (upper curve),
with First-Order Decay (half-life = 150 days)
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Figure 19
Predicted Xylene Concentrations Downgradient of MW-6

l Steady State One-Dimensional Advection/Dispersion Model with Reaction Terms (Degradation)
l c(x,t)=—ciex Eﬁ] el Bx)erfe x —u/(U/mR)Z +4AD / aR + explBelerfe x +tJ(U/mR)2 +4AD / &R
2 2D 2Dt/ aR 2V Dt/ aR
l where: B=\(U/2D)? +(AaR/D)
l Model Input Parameters
Darcy Velocity U=KlI 1.07E-01 [ft/day]
Dispersivity a 50 [ft]
Dispersion Coefficient D=o*U 5.36 [ft¥/day}
Effective Porosity [0} 0.2 {Dimensionless])
Initial Concentration Co 120000 [ug/f]
Partition Coeficient - Koc 240 fcm®g]
Bulk Density Po 1.44 fg/em?)
l Fraction of Organic Carbon  Foc 0.0027 [Dimensionless]
Retardation Factor R =1 + Koc*Foc* py/n 5.67 [Dimensionless]
Decay Coefficient A =(n2) Ity 0.004621 [day”]
I Half-Life Time tin 150 [days]
tin 0.41 [years]
Simulation Time t 7300 [days]
t 20 [years]

l File: ast-xyl.XLS Golder Associates V : ’ R “i
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August Figure 20

00%™5016
Model vs. Actual Ethylbenzene Concentrations Downgradient of Source

1-D Advection/Dispersion with Linear Sorptiori (upper curve),
with First-Order Decay (half-life = 100 days)
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003-6016

Figure 21
Predicted Ethylbenzene Concentrations Downgradient of MW-6

l Steady State One-Dimensional Advection/Dispersion Model with Reaction Terms (Degradation)
' C(x’t)=£"~ex ﬂ) ap(_ Bx)e’fc x - t\f(U/mR)? +4AD / &R +exp(Bx)e4c x +1J(U/aR)2 +4AD / aR
2 2D 2V Dt/ aR 2JDt/ aR
l where: B=\/(U/2D)2 +(A@R/D)
I Model Input Parameters
Darcy Velocity U=KlI 1.07E-01 [ft/day]
: Longitudinal Dispersivity o 50 ift
Dispersion Coefficient D=o*U 5.36 [ft*/day]
I Effective Porosity [ 0.2 [Dimensionless]
Initial Concentration Co 28000 [ug/l]
Partition Coeficient Koc 240 [cm®q]
Bulk Density Po 1.44 lg/em’]
l Fraction of Organic Carbon  Foc 0.0027 [Dimensionless]
Retardation Factor R =1 + Koc*Foc* py/n 587 [Dimensionless)
Decay Coefficient A =(n2) It 0.0069315 [day™]
I Half-Life Time t 12 100 [days]
tie 0.27 [years]
Simulation Time t 7300 [days]
t 20 [years]

File: ast-ethl2. XLS
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August Figure 22 003%c016
Model vs. Actual Chloroform Concentrations Downgradient of Source
1-D Advection/Dispersion with Linear Sorption (upper curve),
with First-Order Decay (half-life = 100 days)
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August 2000 003-6016

Figure 23
Predicted Chloroform Concentrations Downgradient of GWPP-27

Steady State One-Dimensional Advection/Dispersion Model with Reaction Terms (Degradation)

+ explBerfe x+tJ(U/aR)2 +4AD / @R

—tJ(U/@R)> +4AD / &R
C(x")=C2" ex‘{%) expl- Belerfe : t\/( 2 Dt)/a:e 2Dt/ R

where: B=J(U/2D)2 +(AwR/ D)

Model Input Parameters

----‘-

Darcy Velocity U=KlI 2.01E-02 [f/day]
Dispersivity oL 1.04E+01 [ft]
Dispersion Coefficient D=o U 0.21 [ft?/day]
Effective Porosity 0] 0.2 [Dimensionless)
Initial Concentration C, 4000 [ug/]
Partition Coeficient Koc 31.00 [cm3/g]
Bulk Density Do 1.44 lg/em’]
Fraction of Organic Carbon  Foc 0.0027 [Dimensionless]
Retardation Factor R =1 + Koc*Foc* py/n 1.60 [Dimensioniess]
Decay Coefficient A =(n2)/tq, 0.0069315 [day”]
Half-Life Time tie 100 [days]

tipn 0.27 [years]
Simulation Time t 7300 [days])

t 20 [years]

File: fpp-clfrm-100.XLS Golder Associates Page 1 of 1
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Transient Bioscree nalysis - Xylene
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Transient Bioscreen Analysis - Xylene
2000 Data Match
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Transient Bioscreen Analysis - Xylene
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Figure 33
Transient Bioscreen Analysis - Ethylbenzene
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November 2000 ' Figure 34 003-6016
Transient Bioscreen Analysis - Ethylbenzene '
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B 1..0000 |
10.000 | 0.000

14466 | 4258 | 0868 | 0152 | 0021 | 0002 | 0000 | 0.000

14466 ) 6.011 : : : : : 0000 | 0000 ) 0000 | 0000 }
14.500

e | ST LT L AU i AU FRUP e -
|

Ca.lcula.\te | Return to
Animation Input

G:/003-6016/Golder/FS Report/Draft2 _
Gethy98-00.xIs/Centerline Output Golder Associates

8CT00%



6CT00%

Formper T AT

Figre 35
Transient Bioscreen Analysis - Ethylbenzene
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Transient Bioscreen Anal - Chioroform (FPP Area)
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Chloroform Pulse Simulation
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June 2001 003-6016

Table A-1
Cost Worksheet
Virgin Island Chemical Site
SVE/Air Sparging

l Activity Unit Costs Units | Quantity Estimated
Cost
l ESTIMATED DIRECT CAPITAL COSTS
Air Sparge/SVE
Wells & Accessories
Air Injection Wells (depth 50", 1" diameter, 2' screen) $3,888 |per well 3 $11,665
l Pressure Gauge ) $120 |per well 3 $359
Flow Meter $844 [per well 3 $2,531
Body Check Valve . $192 |per well 3 $577
Provision and Instaliation of all Fittings/Valves/Well Head Assemblies (15% of
Well Costs) $756.61 |per well 3 $2,270
Protective Enclosure for Air Injection Welis $296 |per well 3 $889
SVE Well Modifications ™ $625 [per well 6 $3,750
Below Ground Conveyance System
I Excavate Trench (1'x1") $16.56 |CY 3 $50
Backfill for Trench (1'x1") $25 |CY 3 375
Geotextile to line Trench . $0.26 |SF 270 $71
Piping (assume 2" PVC, Schedule 40, Connection Piping) $3.89 |LF 90 $350
2" PVC, 90 Degree Elbow $24.33 |Each 3 $73
l : [Misc. conveyance pipe fittings - 15% of pipe and fittings cost $63.43 {% 1 $63
Mechanical & Controls
Mechanical & Electrical Installation - 40% of Well & Accessory Cost $8,816.47 |% 1 $8,816
l System Checkout & Cut off to Old System (20% Well & Accessory Cost) $2,075.25 |% 1 $2,075
Blowers & Treatment
Blower (30.0 HP, 580 SCFM Vapor Extraction) $8,858 |Each 1 $8,858
Air Compressor for Air Sparging $14,184 |Lump sum 1 $14,184
General
Mobilization/Demobilization for Drilling ! $50,000 |Lump Sum 1 $50.,000
l TOTAL DIRECT CAPITAL COST $716,056
ESTIMATED INDIRECT CAPITAL COSTS
Gen. Engineering Services (15%) $107,408 % 1 $107,408
Permitting/Regutatory Coordination (3%) $21,482 % 1 $21,482
' Implement Health & Safety Plan (20%) $143,211 % 1 $143,211
Construction Qversite/QA/QC (20%) $143,211 % 1 $143,211
Contingency (30%) $214,817 % 1 $214,817
. O & MCOSTS
Soil Vapor Extraction/Air Sparging:
O & M cost for 1 year (10%) $5,665.60 |Year 1 $5,666
Mobilization/Demobilization $10,000 |Year 1 $10,000
Analytical Testing - soil vapor, off-gas $7,500 |Year 1 $7,500
l Trailer $3,210 |Year 1 $3,210
Utility Services (Gas/Electric) $42,000 |Year 1 $42,000
l Notes and Assumptions:
1. Assume all drilling will occur under one mobitization and demobilization fee.
2. Cost estimate sources include Means (with 25% additional cost due to remote location), previous Golder projects, and vendor quotes
l G:/6016/FSRepotVFSJune2001/TBL-A1&2 xIs/A- 1 at sparging Golder Associates Page 10f 1
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I June 2001 003-6016
b Table A-2 )
Cost Worksheet
. Virgin Island Chemical Site
Monitored Natural Attenuation
Activity Unit Costs Units | Quantity " Estimated
l Cost
ESTIMATED DIRECT CAPITAL COSTS
Monitored Natural Attenuation
Monitoring Wells $2,350 [Each 5 $11,752
General
' Mobilization/Demobilization for Drilling ‘" $50,000 {Lump Sum 1 $50,000
. ESTIMATED INDIRECT CAPITAL COSTS
Gen. Engineering Services (15%) $99,262.79 % 1 $99,263
I Permitting/Regulatory Coordination (3%) $19,852.56 % 1 $19,853
Implement Health & Safety Plan (20%) $132,350.38 % 1 $132,350
Construction Oversite/QA/QC (20%) $132,350.38 % 1 $132,350
l Contingency (30%) $198,5625.57 % 1 $198,526
Monitored Natural Attenuation
Mobilization/Demobilization $10,000 |Year 1 $10,000
IDW Disposal $300 |Well/Year 15 $4,500
Monitored Natural Attenuation - Annual Sampling
Annual Sampling - unit cost one round of sampling $1,913 |Well 15
-Year 1, quarterly: Present Worth (1 yr @ 7%) $28,688 |Round 4 $107,000
-Years 2-3, semi-annually, Present Worth (2 yrs @ 7%) $28,688 |Round 2 $97,000
-Years 4-15, annually, Present Worth (12 yrs @ 7%) $28,688 |Round 1 $186,000
PRESENT WORTH Annual Sampling $390,000
I Monitored Natural Attenuation
O & M COSTS One Time - Yr Seven
Well Rehabilitation $800 |Well 15 $12,000
’ Notes and Assumptions:
I 1. Assume all drilling will occur under one mobilization and demobilization fee.
Gi/FSReporyFSJune2001/TBL-A182.xIs/A-2 mon natural atten Golder Associates Page 1 of 1
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Table A-3
Cost Estimate
Focused Feasibility Study
Pump & Treat

(Extraction from Shallow Aquifer, Air Stripping, and Discharge to River Gut)

Activity Unit Costs Units Quantity |Estimated
Cost
ESTIMATED DIRECT CAPITAL COSTS
Mobilization/DeMabilization
For Driing $50,000 [Lump Sum 1 $50,000
Wells
Extraction Well $6,250 {£ach 2 $12,500
Submersible pump plus spares $2,000 |Each 4 $8,000
Pitless adapter $2,065 {Each 2 $4,130
Pressure Transducer and Indicating Tramsitter plus spares $1,400 {Each 4 $5,600
Flow Meter $675 |Each 2 $1,350
Leak Detection System $10 jLF 250 $2,500
{Monitoring Welt $7,000 |Each 2 $14,000
Electrical
Electrical vaults - 3' by 3' $4,675 |Each 1 $4.675
Mechanical / electrical installation $15,000 [Lump Sum 1 $15,000
Control panel $1,000 }Each 1 $1,000
Monitoring panel $120 |Each 1 $120
Control wiring and 1" to control Panel $8.69 [LF 20 $174
Electrical wiring in 2" conduit to Monitoring pane! $8.688 |LF 200 $1,738
conduit affixtures 25% cost of conduits $477.83 [Lump Sum 1 $478
Power distribution {new breaker and service) $10,000 [Lump Sum 1 $10,000
New phone service inc. autodialer $5,000 |Lump Sum 1 $5,000
Conveyance
1" Polypropiene Pipe $4.46 |LF 250 $1.116
Misc. conveyance pipe fittings - 15% of pipe and fittings cost $167.34 [Lump Sum 1 $167
Trench excavation (1 ft wide by 1 ft high) $16.56 Jcy 2625 $43,470
Place and spread excavated soil $9.00 {cy 2625 $23,625
Ictean backfill, compacted in trench (pea gravel) $25.00 (cy 2625 $65,625
Geotextile used in trench as separation $0.26 |sf 750 $195
Treatment Setup
10,000 gallon holding tank $8,899 [Each 1 $8,899
Steel Dike for tank $9,769 |Each 1 $9,769
Misc. holding tank fittings (30% of tank cost) $2,669.63 |% 1 $2,670
Air Stripper with Blower (no air controt} $15,000 |Each 1 $15,000
Discharge Permits/Applications $10,000 |Lump Sum 1 $10,000
TOTAL DIRECT CAPITAL COST $316,799
O & MCOSTS
Mobilization/Demobilization $10,000 |Year 1 $10,000
Pavement inspection/Repairs . $5,000 |Year 1 $5,000
GW Extraction Well Maintenance and System Balancing $22,000 |vear 1 $22,000
Monitoring - GW sampling, off-gas sampling, water levels, flow rates $75,000 }year 1 $75.000
Air Stripper & Blower Maintenance $10,000 [vear 1 $10,000
Treatment/Annual Discharge Fees $0 [vear 1 $0
Permits $1,000 Yegr 1 $1.,000
Utilities (efectric, phone) $5,000 fvear 1 $5,000
Paint tank/Repairs $1,667 |[year 1 $1.667
$8,800 [Each 1 $8,800

Startup Systems (5% equipment cost)

Nates and Assumptions:

1. Assume all griling will occur under one mob/demob fee.

2. Cost estimate sources inctude Means (with 25% additional cost due to remote location), previous Golder projects, and vendor quotes

G:\PROJECTSWOO03-6016\GOLDERVFEAS STUDY(FSHPUMP8:03 PMRT\P8:03 PMCOST XLS
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United States
Environmental Protection
Agency

Office of Directive: 9355.0-48FS

Solid Waste and EPA 540-F-93-048

Emergency Response PB 93-963346
September 1993

Presumptive Remedies:

Site Characterization and Technology
Selection For CERCLA Sites With
Volatile Organic Compounds In Soils

Office of Emergency and Remedial Response

Quick Reference Fact Sheet
Hazardous Site Control Division 5203G

Since Superfund's inception in 1980, the remedial and removal programs have found that certain categories of sites have
similar characteristics, such as types of contaminants present. types of disposal practices, or how environmental media
are affected. Based on information acquired from evaluatng and cleaning up these sites. the Superfund program is
underaking an initiadve to develop presumptive remedies to accelerate future cleanups at these types of sites. The
_presumptive remedy approach is one tool of acceleration within the Superfund Accelerated Cleanup Model (SACM).

Presumptive remedies are preferred technologies for common categories of sites, based on historical patterns of remedy
selectdon and EPA's scientific and engineering evaluation of performance data on technology implementation. The
objective of the presumptive remedies initiative is to use the program's past experieace to streamline site ipvestigation
and speed up selection of cleanup actions. Over time presumptive remedies are expected to ensure consistency in remedy
selection and reduce the cost and time required to clean up similar types of sites. Presumptive remedies are expected
to be used at all appropriate sites except under vnusual site-specific circumstances.

This directive identifies the presumptive remedies for Comprebensive Environmental Response, Compensation, and
Liability Act (CERCLA) sites with soils contaminated by volasile organic compounds (VOCs). In addition, EPA is
developing guidance on presumptive remedies for wood treatment, municipal landfill, PCB, grain storage, coal
gasification, and contaminated ground-water sites. EPA has also developed a directive entiled Presumprive Remedies:
Policy and Procedures, (Directive 9355.0-47FS) which outlines and addresses the issues common to all presumptive
remedies (e.g., role of innovative technologies, consistency with the NCP, State, communiry involvement).

PURPOSE

The purpose of this directive is to provide guidance on
selecting a presumptive remedy at sites with soils
contamipated with VOCs. Specifically this guidance:

* Presents the presumptive remedies for this site
type;

»  Describes the precumptive remedy process ip terms
of site characterization and technology screening
steps. and :

*  Outlines the data required to select these
presumptive remedies.

Since a presumptive remedy is a technology that EPA
believes, based upon its past experience, generally will
be the most appropriate remedy for a specified type of
site, the presumptive remedy approach will accelerate

site-specific analysis of remedies by focusing the
feasibility study efforts. Where several presumptive
remedies are identified, EPA believes that all deserve
substantial consideration before utilizing the
presumptive remedy approach. EPA personnel should
review the directive entitled Presumprive Remedies:
Policy and Procedures (Directive 9355.047FS) for
general information on the presumptive remedy process.

Soil vapor extraction (SVE), thermal desorption,
and incineration are the presumptive remedies for
Superfund sites with VOC-contaminated soil assuming
the site characteristics meet certain criteria. Table 1
provides abriefdescripton of each of these presumptive
remedies.

The decision to establish these technologies as
presumptive remedies for this site type is based on
EPA’s collective knowledge about site investigation
and remedy selection for VOC-contaminated soils.

K%

")
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TABLE 1
Presumptive Remedies for VOCs
in Soil

Soil Vapor Extraction - Soil vapor extraction
(SVE) is an in-situ or ex-situ process which
physically removes contaminants from vadose
zone soils by inducing air flow through the soil
matrix. The flowing air strips volatile compounds
from the solids and carries them to extraction-
wells. The recovered vapors may require further
treatment. In-situ SVE is the primary focus of this
document.

Thermal Desorption - Thermal desorption is an
ex- Situ process that uses direct or indirect heat
exchange to vaporize organic contaminants from
soil, sediment, siudge orother solid and semisolid
matrices. The vapors are then condensed or
otherwise collected for further treatment.

incineration - Incineration is an ex-situ
engineered process that employs thermal
decomposition via oxidation at temperatures
usually greaterthan 900 °C {o destroy the organic
fraction of the waste.

The major difference between thermal desorption
and incineration is that incineration oxidizes
organic compounds, thereby destroying the
hazardous material. Thermal desorption
volatilizes contaminants, then concentrates them.
Thermal desorption reduces the volume of
contamination, but the concentrated waste stream
still requires treatment. Disposal or treatment of
residual waste stream, ash, and concentrated
VOC effluent is not covered by this directive.
Options suchas off-site disposal/regeneration or
reuse should be considered.

including field experience from the Superfund, Resource
Conservation and Recovery Act (RCRA), aaod
Underground Storage Tank (UST) programs. In additon,
EPA conducted an analysis of FY86 to FY91 Records of
Decision (RODs) for sites where VOC contamination
drove remedy selection. The results of this analysis,
which are provided in Appendix A, demoastrate that these
three technologies represent over 90% of the remedies
selected in the RODs analyzed.

4001496

USE OF DOCUMENT

This directive is primarily intended for use by Superfund
site managers. However, site managers in other programs
(such as RCRA corrective action, the UST program,
States), and the private sector, may aiso use this directive.

This directive is not 2 "stand alone” document. Toensure
a full understanding of VOC site characterization and
remedy selection, site managers should refer to all
documents cited in the directive. For assistance in
understanding complex site conditions, an experienced
site manager, the presumptive remedy expert team, the
Superfund Technical Assistance and Response Team
(START) team, or the Environmental Response Team
should be consulted.

ANTICIPATED BENEFITS OF
PRESUMPTIVE REMEDIES

Use of this directive will reduce cost and time in remedy
selection at VOC sites in the following ways:

L.

The directive facilitates identification of the presumed
or likely remedial options early in the investigation
process, hence allowing for amore focused collection
of data during the remedial investigation (RI) or
removal site evaluation. In addition, knowledge of
the presumptive remedy may facilitate collection of
some remedial design data before the ROD or action

memo, thereby allowing the action to proceed more -

quickly after signature of the decision document.
This directive eliminates the need for the mmal step

-of identifying and screening a variety of altemarives

during the Feasibility Sudy. Additionally, it will

. reduce the number of technologies identified and

analyzed in the EE/CA. The National Qil and
Hazardous Substances Pollution Contingency Plan
(NCP) (Section 300.430(e)(1)) states that "the lead
agency shall include an alternatives screening step,
whenneeded, (emphasis added)to select areasonable
pumber of alternatives for detziled analysis.” EPA's
analysis of feasibility studies for VOC-contaminated
soil sites (see Appendix A) found that certain
technologies are routinely screened out based on
effectiveness, implementability, or excessive costs,
consistent with NCP Section 300.430(e)(7).
Accordingly, EPA has determined that, whea using
presumptive remedies at VOC-contaminated sites,
site-specific identification and screeming of
alternatives is not necessary. However, this directive
and supporting documentation (see "Feasibility Study
Analysis for CERCLA Sites with Volatile Organic
Compounds in Soils™) should be included in the
Administrative Record for all sites that use the
presumptive remedy(ies) to document the basis for
eliminating the "site-specific identification and




TABLE 2
Typical VOCs Addressed by this
Directive

: Ethylene Dibromide

Halogenated Volatile Organics

Carbon Tetrachloride
Chlorobenzene
Chloroethane
Chloroform
1,1-Dichloroethane
1,1-Dichloroethylene
1,2-Dichlorobenzene
2-Dichioroethane
2-Dichloroethylene
2-Dichloropropane
4-Dichlorobenzene
,1,1-Trichloroethane
1,1,2-Trichloroethane
1,1,2,2-Tetrachloroethane

v
*
(]
’

1
1
1
1
1

Methyiene Chioride
Tetrachloroethyiene
Trichloroethylene
Vinyi Chloride

Non-Halogenated Volatile Organics

Ketones/Furans
Acetone -

Methy! Ethyl Ketone
Methyi isobutyl Ketone

Aromatics
Benzene

Ethyl Benzene
Styrene
Toluene
m-Xylene
o-Xylene
p-Xylene

Note: Other compounds that have physical/chemical
characteristics similar to the compounds listed may
also be addressed by the presumptive remedy
process.

screening of technologies” section. In addition, other
supporting materials (e.g., FS reports included in the
analysis, technical repors) will be made available at
EPA Headquarnters and are available for inclusion in
the Administrative Record if needed.

This directive streamlines the detailed analysis portion
of the FS. Remedial alternatives developed for a site
must be evaluated against the nine criteria (required
under NCP Section 300.430(e)(9)). Under this

presumptive remedy approach. the detailed analysis
can be limited to the three presumptive remedies (in
addition to the po-action alternative), thereby
streamlining that portion of the FS. Appendix B
provides a generic evaluation of the presumptve
remedies for seven of the nine criteria. Thisevaluation
may serve as a basis for each detailed analysis
conducted under the presumptive remedy process
and should be augmented, as needed, to address site-
specific conditions.

One of these presumptive remedies is expected to be used
for all VOC sites except under unusual circumstances.
Such circumstances may include unusual site soil
characteristics, demonstration of significant advantages
of alternate (or other innovative) technologies over the
presumptive remedies, or extraordinary community and
state concerns. If such circumstances are encountered,
additional analyses may be necessary or a more
conventional detailed R/FS may be performed.

PRESUMPTIVE REMEDIES PROCESS

This section and the accompanying diagram (Figure 1)
describe the sequence of steps involved in the presumptive
remedy process (site characterization and techoology
selection) for sites containing soil contaminated with
VOCs. While the process is not mandatory, EPA believes
that following the steps outlined below will expedite the
clean-up process for this category of sites.

SVE is the primary presumptive remedy. SVE has been
selected most frequently to address VOC contamination at
Superfund sites and initial performance data indicate that
it effectively treats waste in place at arelatively low cost.
In cases where SVE will not work or where there is very
highly concentrated contamination, thermal desorption
may be the more appropriate response technology. Ina
limited number of situations, incineration may be more

appropriate.

The pumbered paragraphs below correspond to the
oumbered steps in Figure 1 and provide a detailed
discussion of each step.

1. Are VOCs Presens in the Soil? The first step is to
determine whether VOCs are the major contaminant
presentin soil at the site. Table 2 lists the VOCs that
are amenable to the presumptive remedies outlined in
this directive. If VOCs are present at levels of
concern (see forthcoming guidance on soil screening
levels), then the presumptive remedies outlined in
this directive may be applicable. However, if it is
confirmed (at this point or at any later point during the
presumptive remedy process) that there are o VOCs
presentin the soil, then this directive is notapplicable
for use in technology selection at the site.
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FIGURE 1
Decision Tree for Investigating and Selecting a Remedy at Solvent Sites
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Most likely, this analysis will occur during scoping
of the RUFS or EE/CA. However, there may be only
limited information available at that time about the
site. Therefore, whatever information is available
should be used to determine whether VOCs are present
or suspected in the soil based on prior use. Chemical
use at a site can be ascertained from a number of
sources such as facility records, previous sampling
efforts by local or State agencies or through
Information Request letters.

Are Non-VOC Contaminants Presers That Preclude
the Use of Presumprive Remedies? In addition to
determining whether VOCs are present in the soil, it
is also necessary to identify other non-VOC
contaminants, if any, present in the soil.

The site characterization and technology selection
procedures outlined in this directive are recommended
for use primarily on soil containing VOCs only. See
Table 2 for VOCs that are amenable to the presumpdve
remedies.

For sites containing a mixwure of VOCs and other
contaminants in soil, the presumptive remedies should
be considered only if they can aiso be effective in

removing the non-VOC contaminants or combined.

with other, non-presumptive remedies in a treatment
train, assuming the presumptive remedies do not
exacerbate the problems presented by the non-VOCs.
Forexample, sites with VOCs and metals commingled
in soil may be effectively remediated by employing
SVE to remove VOCs followed by fixation or
solidification to address the metal contamination. In
contrast. a VOC and polyaromatic hydrocarbons
(PAHSs) contaminant combination may be treated
more appropriately with a single biological rearment
scheme that would be effective for both the VOCs and
PAHs. Note that sites containing mixtures of VOCs
and non-VOCs are varied, and, for this reason, remedy
selection may be more complicated than the
framework presented in this directive; therefore, the
presumptive remedy analysis may need to be
supplemented or modified on a site-specific basis.

Initiate Early Communiry, State, and Potentially
Responsible Party (PRP) Involvemens. As early in
the clean-up process as possible, EPA should notify
the community, State, and any PRPs thata presumptive
remedy is being considered for the site. Itis important
forall stakeholders to understand completely how the
presumptive remedy process varies from the usual
clean-up process and the benefits of using the
presumptive remedies process.

Early identification of State applicable or relevant

" and appropriate requirements (ARARs) also is a

critical part of this process. Because the presumption
set forth in this directive is natonal in scope, it does

pot take into account State ARARSs. For this reason.
State ARARs relating to the presumptive remedies
should be considered on asite-specific basis. Regions
may want to supplement this directive by compiling
the requirements of the States in their Regions that are
likely to be associated with the use of the presumptive
remedies and placing them ip the administrative
record for a site where presumptive remedies are
being considered. This directive along with the
"Feasibility Study Analysis for CERCLA Sites with

" Volatile Organic Compounds in Soils” should be

included in the administrative record for the site if one

of the presumptive remedies is proposed fora particular
VOC-contaminated site.

Review Advantages/Limitations of the Presumprive
Remedies. During inidal site characterization, Table
3 should be reviewed to consider the advantages and
limitations of the presumptive remedies. This
information may be useful in preparing for and/or
modifying the site characterization or alternanves
analysis process. The "Practcal Considerations”
section of this directive should also be reviewed at
this time to ensure a comprehensive site
characterization and remedy evaluation.

Conduct Site Characierization. Site characterization
for sites using VOC presumptive remedies should be
designed to:

o Positively identify the site type (i.e., VOC site);

¢  Obtaindatatodetermine whether the presumpuve
remedy is feasible for the site;

"o Focus (and possibly streamline) site

characterization by collecting data to support the
selection of presumptive remedy(ies) only (e.g..
volume and cost information); and,

e Collect some design data (ie., pilot studies to
determine radius of influence and flow rates of
SVE), thereby streamlining datacollectionduring
the remedial design stage.

Table 4 lists the data that are required for
characterization of sites with soil contaminated with
VOCs. This table also includes the rationale for
collecting these data and references for established
collection methods. Note that bench-scale and pilov
treatability studies should be performed whenever
possible concurrent with site characterizationtodefine
the parameters that will be important to designing the
system.

In areas with low organic content soil (e.g., alluvial

basins), or where there are impediments to obtaining
soil samples (e.g., under buildings), soil gas sampling
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is highly recommended as a site characterization
technique. In addition, the use of soil gas sampling
during implementation of S VE and confirmatory soil
sampling afterward is less expensive than ¢ standy
installing new soil borings, especiallv .1 deep
contamination.

Ifincineration or thermal desorption is uoder serious
consideration, bench-scale treatability studies may
be conducted, especially if metals or other inorganic
compounds are present. Thermal desorption generally
should be considered if conceatrations of VOCs are
less than 5 to 10 percent; incineration may be
appropriate if VOC concentrations exceed § to 10
percent. Note that excavation and mixing of soil can
produce a desorber input of less than 10 percent
contaminant concentration and allow thermal
desorption to be chosen. .

Additionally, the feasibility of excavation should be
determined by evaluating surface conditions and depth
of contaminants as well as the potential for any air
emissions associated with the excavation. Test digs
should be monitored closely to assure protection of
the public and the environment.

It is important to note that during the site

characterization, the volume and concentration of
waste constituting the principal threats at the site
should be identified. The NCP (Section
300.430(a)(1)(iii)(A) and A Guide to Principal Threat
and Low Level Threat Wastes, Superfund Publication:
9380.3-06FS, November 1991, define principal
threats as source materials, including liquids, that are
highly toxic or highly mobile wastes which generally
cannot be reliably contained or would present a
significant risk to buman bealth and or environment
should exposure occur. In accordance with NCP
expectations, waste constituting "principal threats”
posed by a site generally are expected to be zeated.
The site manager is encouraged to characterize the
site in terms of principal and low-level threat arsas 10
determine materials to be targeted for treatment and
containment.

Identify Potential ARARs, To Be Considered (TBCs),
and Preliminary Remediation Goals(PRGs). Potential
Federal and State ARARs and pertinent TBCs
information should be identified on a chemical-,
location-, and -action-specific basis concurrent with
site characterization. For a more detailed ARARS
discussion, refer to the various ARARS fact sheets.
(See Compendium of CERCLA ARARs Factsheets
and Direcrives, EPA Publicaton 9347.3-15, October
1991).

At this step, PRGs should also be identified (NCP
Section 300.430(eX2)(¢)). Note that different health

risk-based PRGs are often set for soils, depending on
depth. Shallow soil levels are usually based both on

direct contact exposure and protection of ground

water, while levels for deeper soils are genperally
based only on mass transport modeling of effects on
ground water. Ecological effects may also be
important to consider in setting PRGs.

Conduct Time-Critical Removal Action (ifnecessary).
During initial site characterization, data will be

" gathered to determine whether atime-critical removal

action will be needed and to determine whether the
contaminants presestare amenable to the presumptive
remedies. Time-critical removal actions, such as
drum removal or actions addressing highly
contamin:ted (typically small volumes) of soil, should
be conducted in accordance with current guidance
and regulations. The decision to take a time-critical
removal action may be made by the Regional Decision
Team (RDT) or if time does not permit, by an On-
Scene Coordinator (OSC) or a Remedial Project
Manager (RPM) in consultation with an OSC.

IsThere aThrear Posed bythe Site? A risk assessment
must be conducted to determine if a sufficient beaith
orenvironmental threat exists to warrant aremoval or
remedial action. (Referto Risk Assessment Guidance
for Superfund, Volumes I and II, EP A/540/1-89/002
and EPA/540/1-89/001). Where it is determined that
such a threat exists, site-specific exposure data can be
used to modify the PRGs identified in Step 6 (NCP
Section 300.430(e)}(2)(i)). If it is determined that
sucha threatdoes notexist, no further action at the site
will be required.

Proceed With Technology Assessment and Review
"Practical Considerations” section. If the analysis

- describedin step 8 confirms that the contaminants are

a threat to human health and/or the environment, a
proposed remedy should thea be identified.

If this project is a remedial action, a detailed analysis

using the nine criteria will be required under NCP
Section 300.430(e)(9)) to justify the selection of
remedy decision. Appendix B provides ananalysis of
SVE, thermal desorption. and incineration against
seven of the nine selection criteria. In addition to the
seven criteria discussed in Appendix B, community,
and State acceptance must also be evaluated. Ifanon-
time critical removal actionis planned, the streamlined
analysis described in the EE/CA guidance will be
required that uses the three criteria of effectiveness,
implementability, and cost. During the technology
assessment, the factors listed in the "Practical
Coasiderations™ section of this directive should be
reviewed to ensure a comprehensive evaluation of
alternatives,



10. Does the Pilot /Treatabiliry Studv Indicate that SVE
is Feasible? SVE is the primary presumptive remedy.
Pilovoeatability study testing of SVE should be
conducted prior to final remedy selection. Such
testing will provide information on the rate of removal
of contaminants. EPA/540/2-91/091A cited in the
References section of this directive provides guidance
on conducting the pilot/treatability study. Removal
efficiencies and treatment effectiveness must be
carefully considered alongside the PRGs identified in
the FS toestimate the potential for successful remedial
action using SVE.

11. Is Thermal Desorprion Feasible? 1f SVE will not be
sufficiently effective in achieving PRGs due to low
permeability, ‘lithology or insufficient removal of
contamination during the pilot study, thermal
desorption should be considered as the primary ex-
situ presumptve remedy.

Thermal desorption technologies cover a variety of
vendors and processes. However, ample data are
available to substantiate remedy selection of thermal
desorption for soil contaminated solely with VOCs.

12. Is Incineration Feasible? If contaminant
concentrations and bench-scale testing indicate
thermal desorption will not achieve desired PRG
levels, incineration is the second ex-situ presumptive
remedy.

Ifincineration is planned, and a substantial number of
inorganic contaminants are expected to be present
based onsite characterization data, materials handling
probiems, or slagging problems are likely.

If none of the three presumptive remedies is considered
to be feasible at a particular site, it will be necessary
toconsider otber technologies. (For more information,
refer to the Practical Considerations section below.)

13. Select Remedy for Remedial/Removal Action. Atthis
point, there should be enough data to identify a
preferred remedy in the proposed plan and distribute
the plan for public comment. Once the remedy has
been selected in the ROD, the user can proceed to do
alimited design which relies largely on the substantal
amount of design-related data collected during the
RL The exter’ of additional or supplemental data
required will be determined on a site-specific basis.

Practical Considerations

The following factors should be considered prior to taking
any remedial action.

Enforcement: This directive applies to fund-lead sites as
well astosites where aPRPis conducting the investigation
and/or response action. In the event that there is an

ongoing PRP-lead RUFS, the scope of work may be
amended to reflect the presumptive remedy approach to
site characterization and remedy selection. The potential
savings in time and money w0 be gained by using the
presumptive remedy approach are expected to outweigh
the burden of modifying the scope of work in many cases.

Initial Site Actions: If the VOC materal is stll in
original, intact contaipers, it may be returned to the
manufacturer (if the manufacturer is willing to accept
these containers), assuming thisresponseisa cost-effective
and feasible action as opposed to treating the material.
Reuse of material (i.e., process liquids and relocation of
equipment to other permitted facilities) should also be
considered. Further, phase separation should be conducted
and recycling considered depending on the purity of the
recovered phase or for any existing liquids that are high
enough in concentration. Referto Appendix C for alist of
the currently recognized waste exchanges.

Site Characterization: Site characterization should
proceed as a single, multi-media activity whenever
possible. Field screening methods should be integrated
into the sampling and analysis plan in order 1o accelerate
information gathering. Data quality must reflect the
uldmate use of the information.

Ground Water: The decision maker should consider the
ground-water strategy for the site since soil clean-up
levels are often set to protect ground-water quality.
Therefore, ground-waterclean-up levels may have adirect
impact on the selected clean-up levels for soil. (See
forthcoming guidance on Soil Screening Levels and the
directive entitted Presumprive Remedies: Remedial
Strategy and Treamment Technologies for CERCLA Sites
with Contaminated Ground Waier.) It should be noted
that, of the VOC-type contaminants, listed in Table 2, the
halogenated volatiles are dense nonagueous phase liquids
(dense NAPLs or DNAPLs) and many of the others are
light NAPLs (LNAPLs) in their pure liquid form. If
LNAPLs are present, it may be possible to address them by
lowering the water table, removing free product (if preseat),
and applying SVE. To address DNAPLs contamination,
refer to the above mentioned ground-water guidance.

Management of Different Soils: A situation may arise
where highly contaminated shallow material cannot be
addressedby SVE. The actionto address this contamination
may differ from the rest of the soil contamination and will
most likely involve incineration or thermal desorpton. If
it is suspected that soil contamination existing at greater
depths will also be treated in this manner, then the excavated
shallow material should be staged and stored in order to
treat it with the deep material.

Anotber situation may arise where VOCs are mixed with
metals, and none of the presumptive remedies can address
both sets of contaminants. The acton to address this
situation may consist of a treatment train where VOCs are
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addressed through SVE or thermal desorpton and the
metals are addressed through fixation.

Finally, the site manager should be aware of situations
where 2 mixture of principal and low-level threat wastes
callfor the use of treatment (i.e.. S VE or thermal treatment)
of principal threat waste and containment (capping) of
low-level comtaminadon. (See A Guide 10 Principal
Threat and Low-Level Wastes in Reference Section).

OfY-Site Disposal: In geperal, it may not be cost-effective
to ship quantities of contaminated soil in excess of 5,000
cubic yards for off-site disposal. For this reason,
preteatment of soil and water may be required prior to
shipment or discharge to another treatment facility.

Capping: Capping alone is not recommended to control
the migration of VOCs. However, capping can improve
the effectiveness of SVE by decreasing the rate of
infiltradon of residual VOCs through the vadose zoneinto
the ground water as well as possibly increasing the radius
‘of influence and preventing “short circuiting” of air
pathways in the vicipity of the extraction well. Capping
can also be used to address non-principal threat waste
unless it is more cost-effective to treat this waste along
with more highly contaminated materials.

Patents: SVEisapatentedtechnology. Royalty payments

may be required under certain conditions of
implementation.

Attainment of Remediation Goals: It should be noted
that, like other in-situ technologies, it is difficult to
ascertain with confidence whether SVE will attain
remediation goals until the actionis actually implemented.

However, the lower cost and ease of SVE impiementation
will ofien weigh heavily in its favor, as long as protection
of human health and the environment is ensured.

Additional Technologies: If for some reason none of the

presumptive remedies is applicable to a particular site, the
site manager is encouraged to refer to EPA's forthcoming
document entitled Contaminanss and Remedial Options
arSolven: Sites foradiscussion of additional VOC treatment
technologies. It should be noted that this comprehensive
document, which identifies additional VOCs and
technologies, may be appropriate to consider on a site-
specific basis.

Thermal Treatment Technologies: The site manager
should refer to EPA's Draft Strategy for Combustion of
Hazardous Waste (May 18, 1993) when considering any
thermal treatment technologies at a particuiar site.

Conclusion

For sites coptaining VOC-contaminated soil and
appropriate soil characteristics, SVE is a relatively
inexpensive and efficient technology. 1f material needsto
be excavated, thermal desorption is preferred. In a few
cases, incineration may be the most appropriate remedy -
- for example, where SVE and thermal desorption will not
meetclean-up criteria based on contaminant concentrations
oOr compositon.

As remedies other than SVE, thermal desorption and
incineration become more widely used in the future, this
directive may be modified to reflect these wends. For
further assistance on presumptive remedy related activities
consult the Regional Presumptive Remedies contact

Notice:

The policies set out in this document are intended solely as guidance to the U.S. Environmenta!
Protection Agency (EPA) personnel; they are not final EPA actions and do not constitute rulemaking.
These policies are notintended, nor can they be relied upon, to create any rights enforceable by any party
in litigation with the United States. EPA officials may decide to follow the guidance provided in this
document, or to act at variance with the guidance, based on an analysis of specific site circumstances.
EPA aiso reserves the right to change this guidance at any time without public notice.
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TABLE 3
Comparison of Technologles for VOC Sites
PERFORMANCE'" ADVANTAGES LIMITATIONS costs'”
Canbe as high as 99% | » High level of effectiveness in removing * Soil that is tight or has high moisture conlent (>50%) has a reduced permeabifity to air, $10 - 1500n
g | removal ol VOC VOCs. hindering the operation of SVE.
3 | contaminants but is « Relatively inexpensive. * Soil with a high degree of heterogeneity has highly variable permeabilities, resulting in uneven
@ |typically lower than other | « Little site disturbance; no excavation delivery of gas flow to the contaminated regions, which in tum reduces removal rates by SVE.
g lechnologies with range required. * Soil with high organic content or that is extremely dry has a high sorption capacity for VOCs,
42 1 of 85-99% « Etfective for waste under buildings or which results in reduced removat rates.
4 ' other construction. . ¢ SVE may requite treating residual soil tailings, liquids, and spent activated carbon.
© ¢ Air emissions mus! be controlled lo efiminate possible harm to the public and the environment.
; * SVE is not ellective in the salurated zone. However, lowering the aquifer can expose more
3 media to SVE (this may address concems regarding LNAPLs).
95-99% removal of VOCs « All compounds that are listed on Table 2 | * Requires excavation. If contamination is very deep or below the water table, excavation $200-30010n
are readily treated by thermal desorption. may be diflicult and expensive.
c « Because of lower lrealment temperatures | * Mercury, i present, can be removed from soil by thermal desorption and impose additional
2 and often lower oxygen levels, thermal treatment costs for the ofigas.
e desorbers should produce less nitrogen | * Soil containing high fractions of clay or sit may result in a high percentage of particulate carry-
oxides and sulfur dioxide than over from the desorber into downstream treatment devices.
incinerators. * Soll that contains constituents greater than 1o 2 Inches In diameter will require screening or
- « Process can be performed onsite or crushing to prevent jamming the mechanical equipment.
E offsite. + Soil with a high moisture content (>30%) can result in low processing rates, high operating
@ « Lower lemperalures produce lewer costs, and difficulty in materials handling.
(= products of incomplete combustion * High or low pH wastes may corrode the metal companents of the system, requiring
(PICs). prefrealment.
* Polentlal process residuals are ireated solids, oversized debsis, condensed contaminants and
waler, particulate control system sofids, and contaminated activated carbon.
* Air potiution control system required.
o | >99% removal ol VOCs |, Capable of accepting a wide range of « Requires excavation. If contamination is very deep or below the waer table, excavation may be | $200-
S : media. ditlicult end expensive. 170000
g * Processes can be perdormed onsite or + Soil containing high fractions of clay or sit may result in a high percentage of particulate carry-
R ofisite. over {rom the Incinerator into downstream treaiment devices.
o * Metals can be concentrated in the ¢ Alr pollution contro! equipment is required.
- residuals. ¢ High treatment temperatures, as compared lo thermal desorplion, can produce nitrogen oxides,
sulfur dioxides, and PICs.
* Solids with volatile metals may require additional trealment or more elaborate air poflution
equipment.
NOTES:

(1) Actual peformance and cost lor any remediation techno Is h
soil quantity to be freated, soll characteristics, and the des

ly site specific. Both de
operation of the remediat

end the original and targe! clean-up level concentrations of contaminants,
eg:nology equipment used. ‘




TABLE 4
information Required for Characterization and Technoiogy Selection at VOC Sites

PSTO007

INFORMATION RATIONALE FOR COLLECTING INFORMATION REFERENCE

Al Technologles:

Site Geology SVE Is most effective In porous, permeable, homogenenus sol. Hichly heterogeneous soll {.e., fractured porous Guldance for Conducting Remedia
. nck or sands Interspersed with clay lenses) may exhibit ar low channelng rough highly pemmeable soils. Abo, hvestigations and Feasiblity

desorption kinetios may bae slow h some stuations (i.e., highorganic contert or high clay contert sol). In these Studes under CERCLA {pp. 33 1o

cases, mass transfer kinelics may reduce the rale of removal of SVE bebw that whichis expected by calcuations 3-20) EPAS40/G-89/004

wih a local equilibrium model or pilat scale experinens canied ot for anly a few days. Ofien diffusion kinetics

fmitations can be substantialy reducedby proper design of he SVE facility.

USGS Sdil Classification For SVE to be effective, the sol must have sufficient pneumatic permeablity (>10° cmz) 1o permt a¥ 1o move
trough themedum. Sandy, gravely solk are the most conductive to SVE, while clays and silts are ess canductive. | ASTM D 2487
Howaver, remedations using SVE inchys and silts have been successful. Soll permeablity may need fo be ASTM D 2488
measwedin the field.

Solt Mdisture High malsture cantent h soil may drastically decrease lts air permeabifity and, thus, the eflectiveness of SVE. The
site must be sufficiently well drahedtoprevent the severe reduction in alr permeability, which occurs whenthe -ASTMD 2216
pexcentwaler saturaon o the sail is greater than 50%. Conversely, oganics can be strongly adsorbed anlo ASTMD 017

]

edmemely dry sofk, which also impedes SVE. The mokture conent of the sol will aflectthe amount of energy
required to heal the sol, hetarget tenperature and the handling properties d fine-granedsail. Themal desomtion
requires that the moisture contert ol the sail be less than 30%.

Depth to Ground Water SVE s not effective in saturaled sail. However, the water 1able can be loweredby pumping. Themnal desomption Guldance for Conducting Remedial
and hcinerabn are more expensive for high molisture soil. Investigations and Feasiblity
Studies under CERCLA (pp.3-310
3-20) EPAS40/G 89004

Contamhant ldentity Boling Point - Themnal desormplion target temperature Is dependent on contaminant boiing poirt. CRC Chemtal Handbook
and Propedties \apor Pressure - SVE Is eflective for compounds with a vapor presswre greater than 0.5 mmHg a sol
. lemperatures. '

- SVE Is effective lor compounds with a dmenslonles s Henry's constant higher
than 0.01 at soil temperatures. .
Water Sclubility - SVE is more successiul for compounds with lower solubilties.
Lgvid and Vapor Density - A contaminant with a density greater than water may form a DNAPL. A conlamhant wih
adensity less than waler may fomn an LNAPL. The flow characteristics of a campound's vapor for SVE is a function
ol its vapor density.
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Information Required for CharacierlzLAlgrl;ir?d Technology Selection at VOC Sites
(Continued)
INFORMATION. RATIONALE FOR COLLECTING INFORMATION ~ REFERENCE
Al Technologles: (continued)
Contaminant Concentration, These data can be gathered via sl marix and/or solt gas sampling. Soll gas sampﬂng both shallow and al depihs, | Gudance for Conducting Remedial

Location, Vaume, and Depth

may be mare appropiiate, glven depth to groungd waler and straligraphy.

Investigatbns and Feasiblity
Studies Under CERCLA (pp. 3-3 10
3-20) EPA/S40YG-89/004

Presence of Pipes or Subsurface

Thepresance of waler or electical conduils, sol fracture Ihes, debris, or any other cbjocls that are moe pemmeable | Gedechnical Techniques
Maerld than the sumoundng soll will be the preferred pathway for the advecting gases.
SVE Only:

Soll/Alr Filled Porosity

Porosity shouldbe less than 40% for SVE to be effective.

GuHbance for Conducling Remedial
inv estigatbns and Feasiblity
Studes Under CERCLA (pp. 3310
3-20) EPA/540/G-89/004

Soil/Alr Permeability

SollValr permeablity should be greater than 108¢n? for alr tomove thoughout the cortaminated sofl. SVEIs
potentially eflactive Inless permeable soll (i 6., between 10-61o 10-10 cn® ), bul further pibt-scaletesiing and/or
mathematical modeing b mcommended lobetter predct the time for cleanup {which is likely to be prolonged for
lower permaability soll). :

Gulance for Conducting Remed|al
v esligations and Feaslblity
Studles Under CERCLA (pp. 3310
3-20) EPA/540/G-89/004

Solil Temperature

Contamhant vapor pressure, dimensionless Herxy's Law constart, waler solubilly, and phase density are drong
functions of tempera ure.

Gulance for Conduciing Remedial
frv estigatbns and Feasiblity
Studes Under CERCLA {pp. 3-3to
3-20) EPA/S40/G-89/004

Soll Humic Cortent

Solvents adhere sirongly o soll with high humk cortent, which decreases the effactiveness of SVE.

Gutance for Conducting Remedial
Investigatbns and Feasiblity
Studes Under CERCLA (pp. 3310
3-20) EPA/540/G-89/004

Contaminart Soil Somption
Coofficlert Kd (Since Kd Isless
readly avalable, Kac, the
oqulibdum between
cortaminants sotbed orto
organic carbonversus the
gound waler is used.)

This parameter descibes thatendency of the solvent to sorbanto sdll or organic matter in the sall. Higher Koc's
indicate that a subsurface Is more Ikely fobind 10 carbon rich meda {1.6., sol} than loremain In water.

RREL Treatabliity Database

Conlaminant Adsorption
Characterislics on Activated
Cabon

This parameter Is retated to the feasiblity of moving contamhanrts from residuds by arbon adsomption THs
parameter B impontani since compounds such as MEK become unstable as they are adsorbed onto cahon

RREL Treatabllity Database
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TABLE 4
Information Required for Characterization and Technology Selection at VOC Sltes
(Continued)
INFORMATION RATIONALE FOR COLLECTING INFORMATION REFERENCE
Incineration and Thermal Desorption Only:
Sofl Plasticty . | Plastic soll, when subjected to compressive forces, can become molded into large particles that are difficult to Guldance for Conducting Remedial
heat. v Investigations and Feashbilty
Studies under CERCLA (pp. 3-3to
3-20) EPA/540/G-89/004
Solt BTU Content The soll BTU content determines the fuet requirements for thermal desorption and incineration. ASTM D 3286
Contaminant Combustion Information on combustion characteristics of a VOC Is required in order to determine the combusloon BenchvPilol Testing
Characteristics characteristics of the incinerator.
Soil Particle Size Distribution Thermal desorption usually requires that soil be pretreated to a maximum soil particle size ranging from 1 1o 2 ' ASTM D 422
5 ] inches. '
Alkaline Metal Salts Alkaline metal salts may cause relractory attack and slagging at high temperatures. Percentage of Na, K
(e.g., NaSO4, KSO,)
Volatile Metals Content High metal content may cause ash leaching and stack emissions problems. Heavy Metals Analysis
(e.g.. Hg, Pb, Cd, Zn, Sn)

BTU = Brilish Therma! Units

LNAPL = Light Nonaqueous Phase Liquid
DNAPL = Dense Nonaquegus Phase Liquid
mm Hg = milimelers of mercury pressure
NAPL = Nonaqueous Phase Liquid

PIC = Products of Incomplete Combustion



APPENDIX A _
TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES

This Appendix summarizes the analyses that EPA conducted of Record of Decision (ROD) and
Feasibility Study (FS) data from VOC-contaminated sites which led to establishing soil vapor extraction
(SVE), thermal desorption, and incineration as the presumptive remedies for Superfund sites with VOC-
contaminated soil. The analyses consisted of:

Identifying VOC-contaminated sites ’

Determining the frequency of technology selection for VOC sites
Identifying sites for the feasibility study (FS) analysis
Conducting the FS analysis.

Resulits of these analyses, along with the scientific and engineering analysis of the performance data
ontechnology application (Primary Reference document), provide a support for the decision to eliminate
the initial alternatives identification and screening step for this site type. These technical reviews found
that certain technologies are appropriately screened out based on effectiveness, implementability, or
excessive costs. Review of technologies against the nine criteria led to elimination of additionai
alternatives. Provided below is a discussion of each analysis.

ldentification of VOC-Contaminated Sites

The first analysis involved generating a list of signed Records of Decision (RODs) (post-SARA),
documenting VOC contamination, from which data could be used for subsequent analyses. The ROD
Information Directory database was used for this purpose. Of the 821 signed FY86-FY91 RODs, 418
are identified in the database as containing VOC contamination in source material. This list of RODs
was subsequently divided into two lists: RODs where VOCs were the onty contaminants of concern
identified in the source material and RODs containing VOCs, as well as other contamination, in source
material. For those RODs involving VOC plus other contaminants, a review of the ROD document was
conducted to identify cases where only VOCs were driving the selection of remedy. To make this
determination, the Remedial Response Objectives and Selected Remedy sections of the ROD were
reviewed to identify specific language indicating that the remedial action was designed to address only
the VOCs at the site. In addition, if cleanup goais were specified only for VOCs, the assumption was
made that VOCs were driving the remedy.

As a result of this analysis, 88 RODs were identified as VOC-only RODs or VOCs plus other
contaminants RODs where a clear determination could be made that VOCs were driving the selection
of remedy.

Frequency of Technol ion for V ontaminat it

Table 1 presents the distribution of the 88 FY86-FY91 RODs among the treatment technologies used
to address VOCs in soil. This table demonstrates that the three presumptive remedies (SVE, thermal
desormption, and incineration) together were selected more often (over 90% of the RODs analyzed) than
the other applicable technologies. Presumptive Remedies were also those remedies where a fair
amount of performance data on technology implementation was available. Furthermore, SVE, chosen
in over two-thiras of the RODs analyzed, was the primary presumptive remedy selected.

dentification of Sit sforF asibili Anal

The purpose of the FS ‘analysis was to document the technology screening step in FSs of VOC-
contaminated soiVsludge sites and identify the principal reasons given for eliminating technologies from
further consideration. To achieve a representative sample of FSs for the analysis, sites were selected
using ROD data according to the following criteria:

13
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APPENDIX A
TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES
(Continued)

Table 1

Presumptive Remedy VOC Site Treatment
Summary Table, FY86-FY91*

TADDRESS VOGs IN SOIL ToTAL
Bioremediation " 3
incineration 11
Soil Flushing/Washing (¥ 3
Soil Vapor Extraction 62
Thermal Treatment @ 9
Total A 88

Source: - ROD Information Directory (RID), FY86 - FY91
Notes: (1) Relatively limited amount of performance data availabie for these technologies
versus the presumptive remedies.
(2) Thermal treatment includes RODs employing thermal desorption, thermal aeration,
low-temperature thermal desorption, and the generic remedy 'thermal treatment®.

* A population of 418 RODs was identified for this study based on the parameters FY 1986-1991,

and VOC contamination of source media.

e Sites were chosen, based on the selected remedy, to ensure an even distribution among the five
treatment technologies for VOCs in soil (i.e., bioremediation, incineration, SVE, soil flushing, and

~ thermal treatment).

. Wheneverpossible, both VOC-only sitesand VOC andother contamination sites were represented
under each technoiogy. _

e Sites were selected to ensure an even distribution in geographic location, ROD signature date,
and site size.

ibili udy Analysi

The FS analysis mvolves areview of the technology screening phase, mcludmg any pre-screening steps,
followed by a review of the detailed analysis and comparative analysis phases in each FS and ROD.

information derived from each review was documented on site-specific data collection forms, which are
available for evaluation as part of the Administrative Record for this directive. (See "Feasibility Study
Analysis for CERCLA Sites with Volatile Organic Compounds in Soils®, September 1993, available at EPA

Headguarters and Regional Offices.)

400158 " 14
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APPENDIX A
TECHNICAL BASIS FOR PRESUMPTIVE REMEDIES
(Continued)

For the screening phase, the fullrange of technologies considered was listed on the data collection forms,
along with the key reasons given for eliminating technologies from further consideration. These reasons
were categorized according to the screening criteria: cost, effectiveness, or implementability. The
frequency with which specific reasons were given for eliminating a technology from further consideration
was then tallied and compiled into a screening phase summary table (Table 2).

For the detailed analysis and comparative analysis, information on the relative performance of each
technology/aiternative with respect to the nine NCP criteria was documented on the site-specific data

- collection forms. The advantages and disadvantages associated with each clean-up option were

highlighted. In some cases, a VOC technology was combined with one or more technologies thataddress
minor site contaminants into one or more alternatives. Only the component of the alternative which
addressed the VOC contamination was evaluated in this analysis. The disadvantages of a technology/
aiternative were then compiled into a detailed analysis/comparative analysis summary table, under the
assumption that these disadvantages contributed to non-selection. All summary tables are available for
review as part of the Administrative Record.

The FS analysis has been completed for 21 sites (representing approximatety 25% of universe studied).
The information from these FSs has been compiled and summarized in Table 2. Additional FS analysis
is planned and will be added to the Administrative Record, when available. Table 2 demonstrates that
technologies, other than the presumptive remedies, are consistently eliminated from further consideration
in the screening phase due to effectiveness, implementability, or excessive costs. In addition, the
analysis indicates that, although certain technoiogies routinely passed the screening phase, these
technologies were selected infrequently because they did not provide the best overall performance with
respect to the nine criteria. Together these analyses (Appendix A to this directive and "Feasibility Study
Analysis for CERCLA Sites with Volatile Organic Compounds in Soils"), along with the scientific analysis
of performance data (USEPA (In Progress) Contaminants and Remedial Options at Solvent Sites) will
support the decision of using presumptive remedies and bypassing the technology identification and
screening step for a particular site. As previously indicated, this factsheet and accompanying analysis
should be part of the Administrative Record for the site. Further supporting materials, not found in the
Regional files, can be provided by Headquarters, as needed.
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TABLE 2 « SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES'
#FSs Where
REMEDIAL . & Crilorlon.Cont.nbulod # RODs Where Criterlon Contributed to Non-Selection
TECHNOLOGY A q}a To Scmnlno outd ?f «"‘ " ” T
On G & qﬁ‘ &5 °f W N U B & | ot e
IRV <~ L7 S 2| S
MeAENT? 7 oS s G,«f" G \6@“‘& L o | “1@“& oA [ Ll gl

Capping 20 18] 7] s 1] 6| 2] of 8 5 3 7 6 | 6 3 1

Ofisite .

Nonhazardous 4 0 2 2 0 2 1 0 0 0 0 0 0 0 0 0
 Landiil

Offsite ACAA

ol w2l a|l 20 o] 3] a] 2] 1w 3 6 7 3 s | s | 7

Cnsite ' .

Sreaion | 2 [ 1] 2 o o f 0 o 0] 0 o | 0 o | o] o

Onshe .

Nonhazadows | 2 [ of o+ 1] of + ] 1+ ] of o 0 0 0 0 ol o of -

.  Landiill
= | _

Onslte ACRA ] nf| 2 o| e 7] of 1 0 0 1 0 ' N I

pririod t ol o] o of 1] o} of o 0 o | o o | o of o

Composting sl ool of o 3} o] of 0 0 0 0 I I

Farming alolas]l of of v ] 1| o] o 0 o] o o | o] of o] -
e | 6 o] e]. o] of s ] 4f o] o 0 o] o o | of of o

ol o | 7106 o 2] s 2| 1] o 0 0 0 0 o | of o

et aion | W] 1ol o 2 9| «f o] o 0 o | o o | o] of o
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TABLE 2 ¢ SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued)'
REMEDIAL \\\‘g c,".:'zi'g;:;:;m # RODs Where Criterlon Contributed to Non-Sefection
TecHNoLoaY Yo Scrsaning °“" “"
Or &8 & Q}Q’ CoFe N N S o | o 61 «*‘\ i\;
(A O X A d P
TREATMENT 2 ,{3\#‘ & q@ ¥ DY O Uy s Nl Il O
3‘;‘;,'"5,',‘3,',““' 3 lolal] o 0 3 0 0 0 0 0 0 0 0 0 0
Reduction ' 7 0 8 1 0 5 1 0 0 0 0 0 0 0 0 0
Neutralization 6 0 6 0 0 5 0 0 0 0 0 0 0 0 0 0
Oxidation 8 1 5 0 -0 4 0 0 | 0 0 0 0 { { i
Ofisite .
Incineration 16 7 8 1 5 5 2 0 7 2 0 1 0 7 . 6 2
{unspecified)
3 Onsile :
Incineration 7 | 8 0 2 3 5 0 | 0 0 0 0 | 1 0
{unspecified) . .
Phidzed s o al| 1 3 f 2 ] o] o 0 0 0 0 0 0 0
Infrared 5 1 4 0 2 2 1 | 0 0 0 0 0 0 0 0
Pyrolysis 3 0 3 0 2 1 1 0 0 0 0 0 0 0 0 0
uniple s Lo|al| 1 2 | 4 ' 0o | o 0 0 0 0 0 0 0
Rotary .
Kin T B 2 3 2 3 2 4 1 0 0 0 5 3 4
Other -
N Inclneratlon 13 1 12 0 5 6 5 1 0 0 0 0 0 0 0 0
o -
Nt Onerthemal | g Tole| o 2| 4] a | ofo 0 0 0 0 o | o] o -
o
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TABLE 2 « SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Continued)*
’ he|
REMEDIAL c\ “‘o cmm’:.'cv;nmr;m.d / # RODs Where Criterion Contributed to Non-Selection
TechnoLoaY ""&663 To Scnonlng ouy A4 ' D .
! On \‘g' @ «,p «.;\» & A ‘Qgp;,,\.é o «\*‘ Pa| oF N o &,,«» o e U’@ 4
TREATMENT 2 ‘ S o \\‘@" ¥ Q\@ v .\\v."\«& R o A tl"f d’d‘«’
Vitrfication 2 o fn] 2 9 5 0 0 0 0 0 0 0 0 0
L’,”:,:,:,‘{,,,, L e |1 ]s] o 1 4 3 0 1 0 0 0 1 f 1 0 - .-
Low Temperature .
ThermalDeso' | 13 | 10 | 3 | o 1 1 2 3 7 2 1 i 2 7 3 4
Stripping
g‘:,‘;‘)’lf;“"‘ a l2]1] o] o 1 0 2 | o 0 0 0 0 0 0 0
Sod 5 {afln] o | o 9 5 0 3 1 1 1 2 2 1 3
Fuushing ,
= ,
%o:shlng a2l o ' 0| 9 0 2 0 0 1 0 2 2 '
nstovocum {7 f1n e ] o o | s 2 0| 2 0 0 0 1 0 0 2
BEST. t o} ] o] o 1 o] o o 0 0 0 0 0 o | o
Lautled tfo ool e | v o] o 0 0 0 0 o [ o | o - -
OtherPhyskal {4 Lo |4 o 0 3 0 0 0 0 0 0 0 0 0 0
Fixallon 7 1 6 0 0 6 0 0 { 0 0 1 1 0 1 1
Stablizations w3 la2l7] a 0 6 | 2 0 2 0 0 2 2 2 0 2
Solidification
Aeration 2 f2fw| o | 9 2 f 1 0 0. 0 f | 1 0




TABLE 2 « SUMMARY OF SCREENING AND DETAILED ANALYSIS FOR VOC SITES (Conlinued)"
& q},‘é‘(& ot (&:;«3 e c,“,::,i'cv:m;‘,, / / 1 RODs Whers Criterion Contributed to Non-Sefection

REMEDIAL “y

') n 3
TectnoLoGY #.pb & a2 To Screening Outd 4 “
AT ) o] . 1 .
on Tt S ARPINE I | i
TREATMENT 2 & ‘,(.,é & (P@*f’#\ o g \«‘5“0 & | “:\,-W\‘ Nl B o | & U,d"0
',',‘;ﬂ::wsls A Jofal} o 0 3l 2] o o 0 0 0 0 0 0 0
gﬁ::nes R L o | o 1 0 0 0 0 0 0 0 0 0 0

61

Y This study was conducted en 21 RODs and thelr corresponding FSs.
2 This does not the include the no-aclion or Insthutional control only alternatives. No RODs selecied elther of these as ramadies.
3 FSs and RODs may confain more than ona crilerion for screening or non-selection of technology. Also, some FSs did not fully explain the crilera for scraening out a technology. Thus, the lofals for

ecreaning and non-selection crifetia are nol equal to the number of FSs and RODs considered.
4 information on Stale and communlly concerns was no! included in this analysis because FSs do not contaln this Informatlon and RODs generally only

referance supporting documentation (1.e., Stale concurrence letter and responsiveness summary).
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dependent upon the lthology
ol the sie and system
design.

APPENDIXB
Criteria Evaluation forTechnologles Used to Treat VOC- Contamlnaled Soll
- CRITERIA
Overall Protection of Long-Term Reduction of Toxiclity, X _
Human Health and the c:;:g::':‘; :g:h Effectiveness and Mobility, or Volume E?'::::v:z::s Iimplementabliity Cost L
Environment Permanence Through Treatment
s Provides boh short- * Does nottrigger LORS * Effectively removes * Signilicanly reduces Does not present subshantive | « Few administrative $10 - 15010n
and long-lem | because R does notinvove |  contamination source. {oxicity, mobilty, or fisks lo onsite workers or difficutties. _
protection by reduding placemest of waste. volume through community; potengal for Technology Is readily $500n avg.
> | Concentration and ¢ |s awell-demonstrated ireaiment - some dust generation during avallable lrommany
O| exposwetoVOCsin * Because wade isremoved | technique forremoving well instaffaion. sources.
g soil. In ptace hrough limited VOCs fromsoiVsludge. | * Produces few wasts .
< construction and no . streams. Potentidl air emisdonsare | « Used successhilly af
« Depending on site- excavation, lewimpacis lo | » Requires some treaiment easily controfled through numesrous Superfund sites
E specitic condtions, wellands, floodplains, or d residuals (spent ‘activated carbon adsorption to address VOC
Wt preventsfurher gound waler qualty are lkely. carbon or concentraled orother technalogles. contamination.
&1 waercontamination. ' VOC waste siream)
2 * Dependingon site-specific | generaly hrough Generally ivolves relalively |  Indalfling and operaing
g conditons, treatswastesto |  regeneration ordisposal. short tme Irame fo achieve exraction wefis requires
) levels that will prevent clean-up levels; however, fewer engineering controls
(o} exceedance of groundwaler]  Hazardous wastes lelt in difticullty in estimating than other technologies
0 clean-up levels place wil require 5-year timeframe may exist due to {i.e., excavation an
review. site uncenainties (e.q, incineration).
 Emission cortrols are trrequiar sofl permeabiifies).
needed b ensurs + Requires seres df sof gas
compliance with alr qmlily Effective lof treating waste sampling b defermine
standards. underbuidings. when dean-up levels are
Can be performed on aclive achieved.
lacifities.
Hardware, such as vacwm
blower, is readily available
from many sources, but SVE
system performance Is highly

1. Nole: Aclial cost of a remedation technolog
operation d he remediation technology us

J is highly ske-specilic. u Is dependent upon the ariginal and targe! clean-up level concentrations of cortaminants, sof characterstics, and the design and
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APPENDIX B
Criteria Evaluation for Techndogies Used to Treat VOC-Contaminated Soll
(continued)
CRITERIA
Overall Protection of : Long-Term Reduction of Toxicity, : 1
Human Health and the c:x::‘;:; :"n';h Effectiveness and | Mobility, or Volume E?,:ﬁ::;:’;n” Implementabllity Cost X
Environment Permanence Through Trealment
* Providesbothshor- | * Requires compliance with Effectively removes * Sinflicanlly redwces | * Presents polential shon- * Construction and $200 - 300/
and bng-tem RCRA removd, treatment, contamination source. toxiily, mability, or lem sisks b workers and substantive perm fon
protection by ¥ansportation (i offsite wlme o contamnants | communily from air release | - requirements of an onsite
elimnaling exposwalo | Yeatment), and land ks a well-demonstaled through beatment. during excavation and treaiment unit may present | $25040n
VOCs in soiV'shudge. disposal regulations (il a technique for removing tredment (i onsite some difficulties. Mobile ag.
hazardous wasle). VOCs fom sol/dudge. 1 * Generally requires test treaiment). incineration units bor onsite
. nuns lo ensure effective Ireaiment are avalable.
| * Preventsiurther * Excavation, comlnw}bn. hvolves some treddment tredment. * Involves patentia short-term .
»| goundwater and operation of onsite or disposal of resicuals risks from handfing and * Limited offste reatmert
G| contamination and Freatment unit may require generally through use of transporting waste ( oliste | capacily exists.
E dlisite migration. compfance with wetlands carbon adsofpbory treament).
K and other location-specific regeneration or dsposal. * Used successully a other
O| Requiesmeasuwesto | ARARs. : * Relabvely shontimeframe | . Superdund stesto address
1 protect workers and : lo achigve cloan-up levels, solvent contamination.
0} communiyduring * Tredls hazandous waste o
3| ecavaion, handing, BDAT levels; thus, there is * Requires engineering
=| andlreatment. ro LDR problem with measures 1o control air
5 residuals. emissions, lugiive dusl,
T rum-oll, erosion and
- ¢ Generally, lreds wastes o sedmentalion, site access,
levels hal will prevent and transpodaton.
exceadance of ground-
waler clean-up lewels.
¢ Emission controls are
needed {o ensure
compliance with air qualily
standards.

1. Note: Actual cost of a remediation technology is highly site-specific. 1 is dependert upan the originaland 1arget clean-up level concenlrations of cortaminarts, soil charaderistics, and the design
and operaion of the remediation technology used.
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* Emission controfs may be
needed b ensure
compliance wih alr quality
standards during excavation
and consyuction.

APPENDIX B
Criteria Evaluation for Technotogies Used to Treat VOC-C ontaminated Soll
(conlinued)
CRITERIA
Overall Protection of Long-Tem Reduction of Toxcity, -.
Human Health and the ngglnlﬁrkc; A”Rl ;h Effectiveness and Mobiliity, or Volume Ef':::v:f"e“; s Implementabliity | Cost M
Environment . Permanence Through Treatment
* Provides bath shot-and | * Requires compliance wih » Effectvely destoys source | * Significandy reduces « Presents potential shont- Construdion and $200 - 1700/
long-tetm protection by RACRA removal, (reaiment, of contamination. toxicity, mobity, or femm fisks 0 wotkers and | substantve permit ton
eliminating exposure o {ransportation {if ofisite volume of comaminants cominunity from air mquirements of an
solvent contaminants in freaiment), and land * Is a well-demonstrated through trement. release during onsie incineratur may | $400/ton avg
soll. disposal regulations (# a technique for treating VOC's excavation and be somewhat difficul.
hazardous waste). h soisludge. treatment (f onsite Mobile incineraors
* Prevents further ground- : Ireatment). are readily available.
water contamination and | * Excavation, construction, * No organic residuals
offske migraion. and operation of onsite contamination wii exist i + Involves patentlal shont- Limited ofisie
incinerators may require treding so¥sludge temm risks from handing incinsration capacily
- | * Requires measuresto campliance wit wettands cortaminaled only with and ¥ansporting waste oxids,
O | prokdworkersand and other location-specilic VOCs (¥ oftsite tretment).
5 community during ARARs. Used successlully at
« excavation, handing, and « Relatvely short other Supedund siles
& teatment. * Treals hazardous wasle lo timeframe to achleve to address VOC
o BDAT levels; hus, here ls clean-up levels. contamination.
Z no LDR problem with
residuals.
¢ Treats waskes b levels that
wil prevent exceedance o
ground-waler dean-up
levels.

1. Note: Aclual cost of a remediation ischnolo
operation of the remadation technology use

% s highly ske-specific and dependent upon the original and target clean-up level concentrations of cortaminants, sof characteristics, and the design and




—-—— T ymTmmmmTTEe T

APPENDIX C
U.S. Waste Exchanges

CALIFORNIA WASTE EXCHANGE
Robert McCormick

Department of Health Services
Toxic Substances Contro! Division
400 P Street .
Sacramento, CA 95812

(916) 324-1807

INDIANA WASTE EXCHANGE
Environmental Quality Control
1220 Waterway Boulevard

P.O. Box 1220

Indianapolis, IN 46206
(317)232-8188

INDUSTRIAL MATERIAL EXCHANGE
SERVICE

Diane Shockey

2200 Churchill Road, #31

Springfield, IL 62794-9276

(217) 782-0450

FAX: (217) 782-9142

INDUSTRIAL MATERIALS EXCHANGE
Bill Lawrence

172 20th Avenue

Seattle, WA 98122

(206) 2964899

FAX: (206) 296-0188

PACIFIC MATERIALS EXCHANGE

Bob Smee

1522 North Washington Street, Suite 202
Spokane, WA 99205

(905) 325-0551

FAX: (509) 325-2086

NATIONAL WASTE EXCHANGE NETWORK
1-800-858-6625

RENEW

Hope Castillo .
Texas Water Commission
P.O.Box 13087
Austin, TX 78711

(512) 463-7773

FAX: (512) 463-8317

_ 5 Commerce Street

(406) 442-2405

INDUSTRIAL WASTE INFORMATION
EXCHANGE

William E. Payne

New Jersey Chamber of Commerce

Newark, NJ 07102
(201) 623-7070

MONTANA INDUSTRIAL WASTE EXCHANGE
Don Ingles

Montana Chamber of Commerce

P.O. Box 1730

Helena, MT 59624

NORTHEAST INDUSTRIAL WASTE EXCHANGE!
Lewis M. Culter

90 Presidential Plaza, Suite 122
Syracuse, NY 13202

(315) 422-6572

FAX: (315) 422-9051

SOUTHEAST WASTE EXCHANGE
Maxi May

Urban Institute

Department of Civil Engineering
University of North Carolina
Charlotte, NC 28223

(704) 547-2307

SOUTHERN WASTE INFORMATION
EXCHANGE

Gene Jones

P.0O. Box 960

Tallahassee, FL 32313

(904) 644-5516

FAX: (904) 574-6704
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APPENDIX D
GLOSSARY

1 M&sz CERCLA Secnon 121(d) and the NCPrequxre
that onsite remedial actions must attain (or justify a waiver
of) requirements of environmental laws that are determined
to be Federal or more stringent State applicable or relevant
and appropriate requirements.

Dense Non-Aqueous Phase Liquid (DNAPL) - DNAPLs
are immuscible hydrocarbon liquids that are depser than
water, such as chlorinated solvents (either as a single
component or as mixtures of solvents), wood preservative
wastes, coal tar wastes, PCBs and some pesticides.

DNAPLs can sink to great depths, can penetrate into

bedrock fractures, can move as a liquid in a direction
different from the flow of groundwater and canp act as a
continual source of groundwater contamination over ime.

ngineering Evaluation/ -
An analysis of removal alternarives for non-time critical
removal actions.

Ex-Situ Treatment - Removal of material fromthe ground .

for reatment.

Feasibility Study (FS) - A description and analysis of the
potential clean-up alternatives for a site. It is generally
conducted concurrently with the remedial investigation
(RD); together the studies are referred to as an RUFS. (See
remedial investgation.)

In-Situ Treatment - The treatment or remediation of
media occurring in-place.

Innovative Treatment Technologies - Technologies that
have been tesied, selected, or used for treatment of
hazardous substances or contaminated materials but lack
well-documented costand performance dataunder a variety
of operating conditions.

Land Disposal Restrictions (LDRS) - The Hazardous
and Solid Waste Amendments (HSWA) to the Resource
Conservation and Recovery Act (RCRA) include specific
restrictions on the land disposal of RCRA hazardous
wastes. These restrictions, known as LDRs, prohibit the
land disposal of restricted RCRA hazardous wastes onless
these wastes meet reatment standards specified in 40 CFR
268 or other compliance options.

Light Non-Agueous Phase Liquids (LNAPL) - Like
DNAPLs, LNAPLs are immiscible liquids, but are lighter
than water and therefore float on water. Asthey are lighter
than water, they are most frequently found at the ground-
water table/vadoze zone interface.

Record of Decision (ROD) - A public document that

explains the basis for selecting the clean-up alternative(s)
that will be taken or served under CERCLA.

Bm_alw-ﬁe remedial action that involves
designing and testing 10 determine whether the remedy
will be effective at a site.

Remedial [nvestigation (RD) - Anin-depth study designed
t0 gather the data necessary to determine the pature and
extent of the threat posed by contaminationata Superfund
site. It also belps to establish the preliminary criteria for
cleaning up the site in the FS and supports the techaical
and cost analyses of the alternatives. It is geperally
completed and combined with the FS and referredtoasthe
RUFS.

Risk Assessment - The qualitative and/or quantitative
evaluaton performed in an effort to define the risk posed
to human health and/or the environment by actual and

potential exposures to specific pollutants in air, water, soil
or other media.

ccele u -An
initauve designed to accelerate all aspects of the Superfund
clean-up process.

-Yadose Zone - The zone in soil that lies above the
permanent water table,
Volatile Organic Compounds (VOCs) - Any organic

compound which readily dissipates into the air.
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