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Memo

To: Mary Garren, EPA
2090kt
From: Anna Mayor, DEP

Date: 09/08/99
Re: Transmittal of theTufts Capstone Project Final Report

Mary,

Enclosed is the final Tufts Capstone Project Report on the Central Area, entitled: Evaluation of
Remediation Alternatives for the Central Area Groundwater Aquifer at the Wells G & H Superfund Site.
The report provides an interesting analysis of the feasibility of cleaning up the Central Area Aquifer.
Briefly, their recommendations are the following:

1. Update the groundwater model [specifically, the Ohio State University 1998 groundwater model for
the Site].

2. Perform the work specified in the CD.

3. Additional characterization of the bedrock.

4. Determine existence and extent of DNAPLs.

5. Perform additional rounds of groundwater sampling.

6. Use screenings and evaluations of remediation alternatives {included in the report] as basis for
further evaluations.

After you take a look at the document, | would like to discuss your thoughts on our plans to distribute
this document to the City of Wobum and the Source Area Properties involved in the Central Area
investigation. Also, thank you for the help that you gave the Capstone group during their research.
They gave an excellent presentation at the end of the project, and | wish you could have seen it. Itis
unfortunate that they are unable to repeat the presentation for your office.
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EXECUTIVE SUMMARY
In 1979 the City of Woburn, Massachusetts’ water supply wells G and H were shut off when
elevated levels of chlorinated volatile organic compounds (cVOCs) were detected in the
groundwater from the wells. The primary contaminants detected in groundwater in wells G and
H were tricholoroethylene (TCE), which was present at a maximum concentration of 400 ug/L

(well G in 1980) and perchloroethylene (PCE), which was present at a maximum concentration

of 292 ug/L (well H in 1985).

In 1982, the 330-acre area surrounding wells G and H was designated as a U.S. Environmental
Protection Agency (USEPA) Superfund Site (the Site). The Record of Decision (ROD) for the
Site specified that groundwater remediation is required at the five upgradient properties
designated as Source Areas, and that additional studies are necessary to determine the most
effective way to remediate the Central Area (the area where wells G and H are located). The
primary remedial objective specified in the ROD for the Site was restoration of the groundwater
aquifer to drinking water standards (Maximum antaminant Levels (MCLs) established under

the Safe Drinking Water Act).

In 1991, a Consent Decree (CD) was signed between USEPA, Massachusetts Department of
Environmental Protection (MADEP) and four of the Potentially Responsible Parties (the Settling
PRPs — W.R. Grace & Company, Unifirst Corporation, Wildwood Conservation Corporation,
and New England Plastics). The Settling PRPs agreed to perform investigations and remediation

work in the Central Area and in each of the four Source Areas in accordance with the
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requirements stipulated in the ROD. Groundwater remediation is currently being performed at

each of the Settling PRPs’ properties. An Initial Characterization of the Central Area was

completed by the Settling PRPs in 1994,

The MADEP requested that the Capstone Group identify, screen, and evaluate technologies and
alternatives for remediating the cVOCs in the groundwater at the Central Area to drinking water
standards. The Capstone Group also determined whether the PRPs have evaluated remedial
alternatives for the Central Area as required under the CD, and evaluated the technical and

economic feasibility of remediating the Central Area Aquifer using USEPA and MADEP

criteria.

Existing Site documents and data were used to develop an understanding of the Site
hydrogeology and the extent of contamination. The impacts of the operating Source Areas
treatment systems on the Central Area were evaluated. The portion of the Central Area aquifer
that is not being captured by Source Area treatment systems but contains cVOCs (mainly PCE
and TCE) above MCLs was identified as the remediation area. This area, hereafter referred to as

the Central Area Corridor, is 36 acres in area and contains approximately 370 million gallons of

groundwater.

By performing a detailed comparison between the Initial Central Area Characterization (Phase
1A Investigation) and the CD requirements, it was determined the Settling PRPs did not meet all

the requirements of the CD. Specifically, the Settling PRPs did not identify the potential
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remedial technologies and alternatives that could be used at the Central Area, nor did they

perform the investigations necessary to evaluate the potential technologies.

The Capstone Group screened and evaluated remediation technologies and alternatives consistent
with the USEPA’s Guidance for Conducting Remedial Investigations and Feasibility Studies
under CERCLA. Technologies determined to be ineffective for the hydrogeologic conditions and
contaminants present at the Central Area were eliminated from further consideration.
Remediation technologies and process options were screened for effectiveness, implementability,
and cost. A point scoring system was implemented to provide a semi-quantitative means of
selecting the technologies from each response action that would be carried into the ‘analysis of
alternatives’ phase of the project. The results of the scoring yielded the following four
remediation alternatives that are representative of diverse response actions: (1) no action, (2)
monitored natural attenuation, (3) extraction of groundwater followed by treatment using air
strippers (a.k.a. pump & treat), and (4) in-well air stripping. Each of these alternatives was

evaluated using six of the nine evaluation criteria established under CERCLA.

The results from this evaluation of alternatives indicate that active groundwater remediation at
the Central Area would be feasible. The following is a summary of the findings for each
alternative:
® No Action — The no action alternative for the Central Area Corridor involves no
engineered treatment or containment of groundwater that contains contaminants in

excess of cleanup goals. Institutional controls, such as deed restrictions, would be
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implemented to restrict access to the groundwater. Contaminated groundwater
would be allowed to migrate across the Sife without treatment. Reduction of the
toxicity, mobility, and volume of the contaminants could only occur as a result of
natural processes, such as biodegradation and aquifer flushing; however, without
groundwater monitoring activities, there would be no method of detecting when
cleanup goals are met. The no action alternative is protective of human health but

1s not protective of the environment. Total present worth cost over 30 years is

estimated to be $0.05 million.

® Monitored Natural Attenuation (MNA) — Analysis of MNA was performed by

evaluating destructive and non-destructive natural processes. The biological
screening to date for MNA indicates inadequate evidence for the biodegradation
of cVOCs in the Central Area Corridor groundwater. The duration for the
remediation of PCE and TCE in the bedrock was estimated at 200 and 50 years,
respectively. Total present worth cost over 30 years is estimated to be $0.7
million. The toxicity of contaminants in groundwater may be reduced via
dilution, but there would be no reduction in mobility or volume. Because of the
variable nature of the fractured bedrock within the Central Area Corridor, it is
likely that some groundwater in the bedrock may not flush pockets of residual
dense non-aqueous phase liquid (DNAPL).

® Pump & Treat — Assuming a pumping rate of 240 gallons per minute (gpm), 4
bedrock wells and 6 deep unconsolidated wells would remediate groundwater in

the Central Area Corridor in about 60 years. The total present worth cost over 30



years is estimated to be $9.1 million. Toxicity, mobility, and volume of the
contaminants will be permanently reduced. However, the bedrock may never be
fully remediated due to its highly fractured nature and possible pockets of
DNAPL. The negative impact to the community and the environment will be

minimal.

¢ In-Well Air Stripping — Assuming an air-water ratio of 75:1, 18 bedrock

circulation wells with 18 activated carbon units will remediate cVOCs found in
the Central Area Corridor to MCLs in about 15 years at a cost of about $14
million. Toxicity, mobility, and volume of the contaminants would be
permanently reduced. However, the bedrock may never be fully remediated due
to its highly fractured nature and possible pockets of DNAPL. The negative

impact to the community and the environment will be minimal.

Remediation is considered to be economically feasible since the present worth cost to remediate
the Central Area Corridor using either pump & treat ($9.1 million) or in-well air stripping
($13.7 million) is less than the cost ($18 million) to continually purchase water from the

Massachusetts Water Resources Authority (MWRA) over the next 30 years.

The hydrogeology (an unconfined aquifer over 100 feet deep underlain by highly fractured
bedrock) and distribution of contaminants (multiple sources, no defined plume, and other
contaminants besides cVOCs present above drinking water standards) in the Central Area aquifer

make remediation to drinking water standards a challenging task. However, insufficient
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information is presently available to conclude that remediation is infeasible or technically
impracticable as defined by the USEPA guidancé document, Guidance for Evaluating the

Technical Impracticability of Ground-Water Restoration.

Additional data needs to be collected and more studies need to be performed in order to complete
a detailed evaluation of remediation alternatives. This information is also needed to determine
the technical feasibility of groundwater remediation and to satisfy the requirements specified in
the CD. The additional information and work needed is listed below:
® Perform additional groundwater analyses for cVOCs and natural attenuation parameters
in order to obtain current contaminant concentrations (noting that the majority of the
existing data set is over six years old), and to assess variations in groundwater
concentrations over time.
® Perform additional site investigations to determine the extent of DNAPL present in the
Central Area. This information is needed to establish areas where remediation may be
technically impracticable.
® Update the existiug Site-wide groundwater model developed by Ohio State to incorporate
the currently operating Source Area groundwater extraction systems. This model could
then be used to evaluate remedial alternatives, such as pump & treat and MNA.
® Conduct pilot tests for in-well stripping and other promising innovative technologies to
confirm their effectiveness and to gather data for design purposes.
® Conduct pump tests to design an extraction system that would maximize VOC removal

and minimize potential contaminant infiltration from the River.
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1. INTRODUCTION

1.1 PURPOSE AND OBJECTIVES

The parties responsible for the contamination in groundwater at the Wells G & H Superfund Site
(the Site) in Woburn, Massachusetts have questioned the feasibility and necessity of cleaning the
central portion (the Central Area) of the Site, where wells G and H are located, to the applicable
drinking water standards. To determine whether it is technically feasible to remediate (“clean
up”) the Central Area, Massachusetts Department of Environmental Protection (MADEP) has
requested that our Capstone Group identify and evaluate groundwater technologies and
altematiifes that could be used to remediate the groundwater in the Central Area to drinking
water standards. The feasibility of remediating the Central Area aquifer will be evaluated by
applying established MADEP and United States Environmental Protection Agency (USEPA)
feasibility assessment criteria. A by-product of the Capstone Group’s evaluation will include a
data gap assessment that will allow MADEP to plan additional investigations for the Central
Area. Factors — such as changes to the aquifer classification or public opinion associated with
the Site — that could have a significant impact on restoration objectives and remediation

technologies have not been considered in this evaluation unless otherwise noted.

1.2 SITE DESCRIPTION

The Wells G & H Site is located in the eastern portion of Wobum, approximately 10 miles north
of Boston. The Site includes the aquifer and land area located within the zone of contribution! of

the two municipal drinking water wells known as wells G and H. The Site is approximately 330

1 Zone of contribution is the portion of the aquifer that supplied groundwater to wells G & H under pumping
conditions.
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acres and is bounded by Route 128/95 to the north, the Boston and Maine Railroad to the west,

and Salem Street, Cedar Street and Route 93 to the south and east (Figure 1-1).

Wells G & H are located in the sand and gravel aquifer of the Aberjona River basin within the
Mystic River watershed. The area surrounding the wells within the Site boundary is of mixed
use (i.e., light industry, commercial businesses, industrial parks, residences, and recreational

property). Industrial and commercial property to the north and residential property to the south

~ dominate the area surrounding the Site (USEPA, 1989)-.

The Aberjona River (the River) flows through the Site from north to south, and eventually
reaches the Mystic Lakes in Winchester, Massachusetts. A substantial wetland area associated
with the Aberjona River floodplain is located on either side of the river within the Site boundary.
A more detailed description of the Site’s hydrogeological setting is provided in Section 3.
Figure 1-2 is a Site map showing the location of wells G & H, the limits of the Central Area, the

Aberjona River, its tributaries and associated wetlands, and the five industrial properties

 identified by USEPA as sources of contamination (the Source Areas) — W.R. Grace & Company

(Grace), Unifirst Corporation (Unifirst), Wildwood Conservation Corporation (Wildwood or
Beatrice Foods property), Olympia Nominee Trust (Olympia), and New England Plastics (NEP)

(USEPA, 1989). These five companies are collectively referred to as the Potentially Responsible

Parties (PRPs).

« See List of References



1.3 METHODS

This Site is listed on USEPA’s National Prioritieé List (NPL) as a “Superfund” site. Therefore,
the remediation of the Site must be performed in accordance with the Comprehensive
Environmental Response, Compensation and Liability Act of 1980 (CERCLA) as amended by
the Superfund Amendments and Reauthorization Act of 1986 (SARA) and the requirements of
the National Contingency Plan (NCP). These laws and regulations are hereafter referred to as
“CERCLA” or “Superfund.” Therefore, USEPA and CERCLA guidance and policy documents

have been primarily used as the basis for evaluations of remediation feasibility.

A number of tasks are required to meet the objectives described in Section 1.1 above. A

description of each task, as well as the methods used to perform the task, is provided below.

® Site Orientation - To effectively evaluate potential methods to remediate the Site, it is

necessary to have a thorough understanding of the studies and remediation effort that have
been performed and are on-going at the Site. To accomplish this, orientation meetings were
held with the MADEDP; site visits were made to the Central Area site and the Source Area
remediation systems; professionals familiar with the Site were interviewed; scientific
conferences were attended in which the Site was discussed; a forum at Tufts University to
discuss the Site and groundwater remediation methods was held; and critical Site documents

were reviewed. These site documents included:

Ebasco’s Draft Final Feasibility Study (FS) Report for USEPA, dated January

1989 (Ebasco, 1989)

USEPA Record of Decision (ROD), dated September 1989 (USEPA, 1989)



il(

)

®* USEPA “Consent Decree” (CD)?, dated July 1991 (USEPA, 1991)

® GeoTrans Inc. and Remediation Téchnology Inc.’s (RETEC’s) Central Area
Remedial Investigation Phase 1A Report (Phase 1A Report) for Beatrice, Unifirst,
and Grace (BUG), dated F ebniary 1994 (GeoTrans & RETEC, 1994)

* Documents on the design and/or performance of Source Area remediation systems

(See the LIST OF REFERENCES section for a complete listing of all references used

in the preparation of this report.)

Update the Conceptual Site Model (CSM) - A conceptual site model is a characterization of

the physical (i.e., geology and hydrogeology) and chemical (i.e., nature and extent of
contamination) aspects of a site. A CSM for this Site was presented in the FS in 1989 and
then updated in 1994 as part of the Phase 1A Report. The information collected from the
Source Areas and River since 1994 was used to update the CSM for the Central Area. Very
little contaminant-related data have been collected in the Central Area since 1994. Therefore,
unless otherwise noted, it has been conservatively assumed that the nature and extent of
contamination in the Central Area aquifer has not significantly changed since 1994. Because

of resource constraints, no new physical or chemical data have been generated for this effort.

Evaluate the Phase 1 A Report - In addition to reviewing BUG’s Phase 1A Report for

historical Site information, this report was also evaluated to determine whether or not BUG
had satisfied the objectives and requirements specified by USEPA and MADEP in the CD.

The focus of this evaluation was on those requirements that were related to remedial

2 Consent Decree is a written agreement between at least two parties that has been certified by a judge. In this case,
the agreement was between the USEPA, MADEP, and four of the PRPs (Grace, Unifirst, Wildwood, and NEP).



alternatives. BUG’s Work Plan for the Remedial Investigation (RI) and Feasibility Study for
the Central Area (GeoTrans, et al., 1992) was also reviewed in order to determine whether
deviations from CD requirements were identified in the Work Plan before the Phase 1A

investigations and report writing took place.

Determine Remediation Area - Remediation alternatives were only evaluated for application

in the Central Area. Within the Central Area, the remediation area was established by
eliminating from further consideration those portions of the Central Area that are effectively
being captured and treated by Source Area remediation systems (as determined by the
respective Source Area PRPs). Similarly, portions of the Central Area where groundwater
contaminant levels for primary site contaminants are below, or very close to, target cleanup
levels, were also eliminated from further consideration. Additional source areas within the
Central Area were also eliminated from consideration in this study if the goals for those areas
were inconsistent with those of the rest of the Central Area. Areas close to the River were
effectively eliminated from inclusion in the remediation area for those technologies (e.g.,
pumping) that induce infiltration of surface water from the River and its wetlands into the

Central Area aquifer.

Identify and Screen Technologies - General response actions (e.g., groundwater collection,

treatment, and discharge) that are necessary for groundwater remediation were first
identified. The potential technologies and process options’ that could be used to remediate

the groundwater in the Central Area were then identified. Sources used for this identification

3 Technologies refers to general categories of technologies, such as in-situ (underground) biological treatment, in-
situ physical/chemical treatment, etc. Process Options refers to specific processes within each technology type. For

example, the in-situ physical/chemical treatment technology includes process options such as air sparging, in-well
air stripping, and passive treatment walls.
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included remediation databases and information from comparable Superfund sites. Based on
the information presented in the CSM, such as site-specific hydrogeology and contaminant
characteristics, those technologies and/or process options that would not be technically
implementable at this Site were screened out. Technologies and process options that
survived the screening were then comparatively evaluated for effectiveness,
implementability, and cost in accordance with Guidance for Conducting Remedial

Investigations and Feasibility Studies under CERCLA (CERCLA RUFS Guidance) (USEPA,

1988a).

Evaluate Alternatives - Groundwater remediation alternatives were formed by combining

applicable technologies within the categories of general response actions. Alternatives were
developed that were consistent with the requirements specified in the CD for the PRPs’
screening of groundwater alternatives. Alternatives that were considered included ones that
could meet the groundwater cleanup levels within different time frames utilizing different
technologies:
®  One alternative using an innovative treatment technology.
®  One aggressive alternative that would, theoretically, require no long-term
maintenance.
®*  No action alternative.
An evaluation was performed for each of the alternatives by using six of the nine evaluation
criteria established in CERCLA RI/FS Guidance. The three criteria that were not used were
compliance with (1) ARARs, (2) state acceptance, and (3) community acceptance.

Information from comparable Superfund sites, CERCLA guidance documents, treatment
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( technology vendors, remediation databases, and remediation professionals was used to

conduct the evaluation.

Evaluate the Feasibility of Remediation — Established MADEP and USEPA criteria were

used to evaluate the feasibility of remediating the Central Area aquifer. MADEP criteria for
determining the economic feasibility of remediation (as cited in a MADEP comment letter on
the Phase 1A Report) were applied by comparing the estimated costs for remediation
developed above for selected technologies against the cost of obtaining water from a regional
provider (i.e., the Massachusetts Water Resources Authority [MWRA]). Technical feasibility
was assessed by applying USEPA’s Guidance for Evaluating the Technical Impracticability

of Groundwater Restoration (USEPA, 1993a) to this Site.

Assess Data Gaps — Complete data are needed to fully assess the applicability of a

technology or process option to a site. The critical data needed to perform a more detailed
evaluation of the applicable technologies and process options has been identified. Data
needed to confirm the feasibility of groundwater remediation at the Site were also specified.
If these data are not available, or if more recent data are needed, this study has identified it as
a data gap. Data gaps were also identified from the “Evaluation of the Phase 1A Report” and

the “Evaluation of Technical Feasibility” described above.

1.4 ORGANIZATION OF REPORT
This report has been organized into eleven sections. Most of these sections follow the tasks

described above. The following is a short description of the work included in each section.

-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

1-7




Section 1, Introduction — Includes the objectives for this report, a Site description, the
methods by which this report was prepared, and an outline of how the report has been
organized.
Section 2, Site History — Includes (1) background information on how the Site came to be an
NPL site, (2) the regulatory history of the Site, (3) a summary of the groundwater cleanup
goals for the Site, and (4)-an update on the current status of remedial actions at the Site.
Section 3, Hydrogeologic Setting — Includes an updated description of the geology and
hydrology in the Central Area to reflect the impact of groundwater remediation being
performed at four of the Source Areas.
Section 4, Contamination of Groundwater in the Central Area — Includes (1) a
description of historical sources of contamination at the Site, (2) an updated depiction of the
nature and extent of groundwater contamination in the Central Area aquifer, (3) a summary
of the wells in which contamination exceeded groundwater cleanup levels, and (4) the
location and estimates of the areas and volumes of groundwater in the Central Area to which
remediation technologies may be applied.
Section 5, Evaluation of the Phase 1A Report and Consent Decree Requirements —
Includes an evaluation of the Phase 1A Report that was prepared by Beatrice, Unifirst, and
Grace. The purpose for this evaluation was to determine whether the objectives and
requirements specified in the CD were met as they relate to remedial alternatives.
Section 6, Identification, Screening, and Evaluation of Technologies — Includes (1) the
remedial action objectives for groundwater at the Site, (2) the response actions that will

satisfy the remedial action objectives for the Central Area aquifer, the remedial technologies



and process options that could be used, (3) the rationale for, and results of, screening
potential remedial technologies and process options, (4) an evaluation of technologies and
process options, and (5) a summary of the process options that have been used to develop the
Central Area remediation alternatives. This section is generally consistent with Section 2 of
the suggested FS report format described in Table 6-5 in the CERCLA RU/FS Guidance.
Section 7, Evaluation of Selected Remediation Alternatives — Includes (1) descriptions of
the alternatives developed for the Central Area, (2) summaries of the calculations used to size
the alternatives for cost purposes, and (3) an evaluation of each alternative as described in
Section 1.3 above. This section is generally consistent with Section 4 of the suggested FS
report format described in Table 6-5 in the CERCLA RI/FS Guidance.
Section 8, Feasibility of Remediating the Central Area Aquifer — Includes an evaluation
of the feasibility of remediating the Central Area by applying MADEP and USEPA

established criteria as described in Section 1.3 above.

Section 9, Data Gap Assessment — Includes a summary of the additional data needed to
determine the feasibility of groundwater remediation and to evaluate the applicability of
remedial technologies for the Central Area. The data gaps that have been identified resulted
from the review of historical information presented in Sections 3 and 4, the evaluations
conducted in Sections 5 and 8, and the assessment of the data needed to better evaluate the
applicability of technologies and process options identified in Sections 6 and 7.

Section 10, Summary of Findings — Includes (1) summary of the work performed under for

this report, (2) a comparative analysis of the remedial alternatives, and (3) a summary of the

conclusions from the other sections of the report.



* Section 11, Recommendations — Includes the Capstone Group’s recommendations for

AN

additional work.

-
1-10



ININND0A ANAIHDOYEY vVd3 SN



-
<
LU
=
-
O
o
Q
L
>
—
L
O
[0 4
<
<
a.
LU
2
=

2. SITE HISTORY

2.1 REGULATORY HISTORY (1964-1991 )»

2.1.1 Site Discovery (1964-1981)

The City of Wobum developed wells G and H in 1964 and 1967, respectively. The wells are
screened in the Aberjona River aquifer and, when pumped at maximum capacity, were capable of
producing two million gallons of water per day. The wells were initially intended to supplement
the existing city water supply provided by seven wells located in a separate aquifer near Horn
Pond. Local officials have estimated that over 25 percent of the city’s water supply was

provided by wells G and H when they were operating (USEPA, 1989).

In 1979, MADEDP, formerly known as the Massachusetts Department of Environmental Quality
Engineering (MADEQE), tested the water supply from wells G and H. Several volatile organic
compounds (VOCs), including 1,1,1-trichloroethane (1,1,1-TCA), trans-1,2-dichloroethene
(trans-1,2-DCE), tetrachloroethene (PCE), and trichloroethene (TCE), were detected in the water
at concentrations ranging from 1 to 400 parts per billion (ppb). The Maximum Contaminant
Levels (MCLs) allowed under the Safe Drinking Water Act (SDWA) for these contaminants are
5 ppb for TCE and PCE, 70 ppb for trans-1,2-DCE, and 200 ppb for 1,1,1-TCA. Upon receipt of
this information, the City of Woburn immediately shut down the two wells. The City then

revived an existing agreement with the MWRA to replace the lost water supply (USEPA, 1989).

In 1981, the USEPA conducted a hydrogeological investigation of a ten-square-mile portion of

the east and north sections of Woburn to determine the extent and degree of contamination. As a
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( result of these investigations, five locations — the Grace, Unifirst, Wildwood, Olympia, and NEP

properties — were identified as sources of contamination in wells G and H.

2.1.2 Superfund Designation (1982-1989)
The Wells G & H Site, as described in Section 1.2 above, was listed asa Superfund site on the

NPL on December 21, 1982.

From 1983 through 1988, a number of investigations and studies were performed by contractors
for EPA and the PRPs. Noteworthy studies include:
® A study by the United States Geological Survey (USGS) that was designed to
determine the zone of contribution and area of influence+ of wells G and H. Results
from a 30-day pump test, performed i.n 1985, were used in this study (Myette, et al.,

1987).

Remedial Investigations, performed in 1986 by USEPA’s contractor, NUS
Corporation, that included installation of monitoring wells and collection of
groundwater and surface water samples (NUS, 1986).

Supplemental Remedial Investigations, performed in 1988 by USEPA’s contractor,
Ebasco Services Inc. (Ebasco), that included collection of soil samples from Source
Areas, collection of surface water and sediment samples from the Aberjona River, and

additional groundwater sampling from existing monitoring wells (Ebasco, 1988).
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4 Area of influence is the area around wells G & H in which water levels are affected by pumping.
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An Endangerment Assessment (EA)s for the entire Site, performed in 1988 by
USEPA’s contractor, Ebasco. The obj ective of the EA was to estimate the probability
and magnitude of potential adverse human health and environmental effects from
exposure to contaminants at the Site (USEPA, 1989). The two exposure pathways
that presented the greatest potential risks to humans at the Site were future ingestion
of contaminated groundwater and inhalation of volatiles while showering. Table 2-1,
taken from the ROD, presents the risks by environmental media for the five Source
Areas and the Central Area.
* A Feasibility Study, prepared in 1989 by USEPA’s contractor, Ebasco, in which
technologies and alternatives that could be used to remediate the Site (Source Areas
and Central Area) were identified and screened (Ebasco, 1989).
During this period, USEPA also issued several administrative orders to Site property owners
requiring cleanup activities (such as removing drums and debris) and limiting site access

(USEPA, 1989).

A Record of Decision (ROD), presenting USEPA’s strategy for remediating the Site was signed
by both USEPA with concurrence by MADEP, in September 1989. Highlights of the strategy

selected in the ROD include:

Establishment, as the first operable units (OU), a remedy for the five Source Area

properties (Grace, Unifirst, Wildwood, Olympia, and NEP) that consisted of:

5 An Endangerment Assessment is a quantitative evaluation of the risks associated with exposure to chemical
contamination in different environmental media.

6 An Operable Unit is a major component or phase of a comprehensive, Site-wide, remedy. Typically operable units
are established when remediation at a site needs to be performed in phases.
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Table 2-1 Estimated Risks Associated with Exposure at the Wells G & H Site
( (Source: USEPA, 1989, Table 2) Page 1 of 2

SUMMARY TABRLf CF ¢

STIMATED RISKS ASSOCIATED w1k
[xsTSURT 27

THE WELLS € 8 K SITE

LOCAT]ON RISK HAZARS INDIX
PLAUSIELE FLAUSTELE
AVERACE  MAXIMUM AVERAZE KAX THUM

Ingestion of Grounowater 2{-03 f[-cl <} (C.¢ >1 2‘;

Innalation of Volatiles kelezcer 4f-04 5¢{-02 <] }C.Z; >] (22
while Showering

New England Plastics (crporetizcn

Inhalation of Volatiles Relezses 1€-07 1£-0€ <} {0.007) <! {C.06)

During Incusirial Processes
by Indusirial Workers
Dermal Contact end Incicenie! 76-08 4L-05 <} {C.008) <} (0.7)
Ingestion of Surfaze Soil
by Industirial Workers

Inhelation of Volatiles keleasec 3tE-13 1£-00 <] {BE-DC) <] (4E-D9)
from So11 by Industriei Workers

Future Exposure to Surface Soii 1£-08 87-0¢ <} {0.02) >1 (&)

Future Inhalatorn of vVelatiles 3f£-12 1£-08 <1 {1E-08) <1 (2:-0D4)
keleased from Sci?

future Ingestion of Greuncwate- Bz-0% SE-04 <} {€.08) <} {0.5)

future Innalation of vciat:iec €L-0€ 3£-05 <] {0.07) <1 {0.&)

Releasec While Showerirg

Ciympie Nominee Trus: l:izmzeny

De-mal Contact anc Incaicentel £-10 £-08 <) (C.002) <! {C.3)
Ingestion of Spil by
Industrial Workers

Dermal Contact and Incigerzel 2E-08  30-06 <] (0.01) <i (0.9)
Ingestion of Soil by Yeurg Adults

Inhalation of Dust Generated 3t-08 Sg-08 <] (2£-05) <] (0.001)
while Dirtbike kiding

future Expcsure tc Surfaze Soit 2£-08 E£-08 <y {0.008) <1 (0.8

Future Ingestion cf Grouncwetes 4E-04 1£-03 <] (0.2} <} (0.7

Future Inhalation of Volatiies SE-06 4f-04 <] (0.02) <1 (0.0€)

keleased While Showering

Unifirst Corporation

.................................

Ffuture Ingestion ¢f Grounowater 1£-03 4£-02 ] >] (47
fuiure Innaiztion of Veoiatties 3I-04 11-02 <} {C.9) >] (&)
Released While Showering
Ffuture €xposure 1o Su-face Soti BE-10 aL-0g <] (B£-27) <} (&£-05)
¥iigdweod {onservaticn (orporat:on
Dermal Contac: arZ Inzagente)
Ingestcn of 301
- Surface Seri 71-08 7t.02 <] (E.82) >l (2)
- Northern Siucces gE-07 8.0% <l 0.8 > (12
- Southern Sludses 2¢-07 26-0% <j 20_35 >} (15;
Innaletron of Dust Generatec
while Dirttike Riding
- Surface Soil 1£-07 3605 <) (0.002 1
- Northern Siuoces £c-07 r.pe <) EC.OO: <] [0.%)
- Southern Sludges 7¢-08 3t-06 <] {C.0005) <} (0.3)

NOTE: Scientific notetton (such es 22-06) 15 a shorthand wav of indicating
cezwmal places, {(i.e.. the megniilige of tne number) A negative exponent
Ingicetes that the ges1mal shculc De movec the spec:fied numder of places

teotne deft {vee., 20-33 = 0.002 = 2x10-3)

-
<
L
=
-
O
o
(@
L
>
—
L
O
04
<
=
o
L
2
>

2-4




Table 2-1 Estimated Risks Associated with Exposure at the Wells G & H Site

-
( (Cont.) (Source: USEPA, 1989, Table 2) Page 2 of 2
-
SUMMARY TABLE OF ESTIMATED RISKS ASSOCIATED WiTH
EXPOSURE AT THE WELLS 6 & W SITE
-
LOCATION R1SK KAZARD INDEX
"""""""""""" PLAUSIBLE PLAUSIBLE
AVERAGE  MAXIMUM AVERAGE MAX ] MUM
Wilowocd Conservatien Corporetion Continued
Future Exposure to Surface Soil
- Surface Soil 7£-07 2[-03 <1 {0.01) »>1 {3)
- Northern Sludges 8£-06 1£-02 <1 {0.3) >] (14;
- Southern Sludges. 26-06  4£-04 <} (0.2) >1 (20
Future Inhelation of Volatiles
keleased from Soil
- Surface Soil 3g-07 1£-04 <1 (0.0008) <l {0.8;
- horthern Sludges 1€-07 2£-04 <1 (0.002) <1 (0.3
- Scutherr §lucges 1E-09 1E-05 <« {2£-08) <1 (0.2)
Future Ingestion of Grounowazer BE-04 2€-01 <] {0.2) >1 (116)
Future Inhalation of volatiles 2E-04 7t-02 <1 (0.08) »>1 ($8)
Reieased While Showering
hNonsource Area of Weits GRH
Inhalation of Volatiles Releasec 2E-06 3E-05 <] {0.1) <] (€.3)

Ouring Incustriai Processes
ty Ingdusirial Werkers
Derme) Contect anZ lncidenta’ 2E-08 1£-07 <] (0.03) <1 (0.2)
Incestion of Sorl
Incicental Ingesticn cf
Surface Weter

- Adults 4g-11 1£-08 <] (2£-05) <1 (&£-04)
- Children 2E-0S 6E-08 ° <] (0.001) <1 (C.02)
Dermal Contact and incidental
Ingestion of Sediments
- Adults 3£-07 4£-04 <] (0.062) <) (C.CE)
- Children 8£-07 2E-04 <] iD.OGS) <] (0.02)
Future Ingestion of Groundwater 4E-05  3E-0¢4 <] (0.1) 1
Future Ingestion of Groundwater
Centemning Radionuz lices
- Gross Alpha Particles .- -- >1 (3) >1 (35)
- Gross Beta Particles
- Strontium-90 .- -- <] (0.86) >1 (&)
- Tritium : -- -- <] %35-04) <1 {0.002)
- Radium -- .- <] {6.2) 1
- Uranium -- -- <] {£.02) <) {0.0%)
Future inhalation of Voiatiles 4E-06 3£-0% <] (C.05) <1 (G.6)

released While Showering

KOTE: Sc:ent 1z notation {such as 2£-06) is a shorthand way of inZicating
gecime) pieces. (1.e.. ihe maonitude of the number). & negative exponent
nZicates Lhat the gecimai snculC be movec the specified numper of piaces
te the left {1.e., 2[-32 = .00 = 2x10~3)

US EPA ARCHIVE DOCUMENT

2-5




¢ Remediation of soils and sludges on the Source Area properties by excavation and

on-site incineration, and in-situ volatilization with air treatment.

¢ Remediation of groundwater at each Source Area property by pumping the
contaminated groundwater, then treating it on-site. The remediation objective for

the groundwater was to achieve SDWA MCLs in the aquifer.

® Determination that the Central Area of the Site and the Aberjona River sediments will

be addressed as separate operable units. Further studies would be necessary to
determine the most effective way of addressing contamination in the Central Area.

The chemicals of potential concern at each portion of the Site are identified in Table 2-2.

The remediation objectives specified in the ROD (p. 16) for the entire Site at the completion of

all operable units are as follows:

1. Restore the aquifer that supplied water to wells G and H to drinking water standards.

2. Stop the introduction of contaminated groundwater from the source areas to the rest
of the aquifer.

Stop the leaching of soil contaminants to the groundwater.

4. Prevent public contact with contaminated groundwater and soil above the cleanup
levels.

5. Protect the natural resources in the area, such as the 'f'i\"‘er and w_etlands, from
becoming further degraded.

6. Reduce further migration of contaminated groundwater off-site.
(USEPA, 1989, p.16)
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Table 2-2 Chemicals of Potential Concern Identified in ROD for Wells G & H Site
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2.1.3 PRP Settlement (1990-1991)

In July 1991, USEPA, MADEDP, and four of the five Source Area PRPs (Grace, Unifirst,
Wildwood, and NEP - the Settling PRPs) negotiated and signed a consent decree (CD), under
which the Settling PRPs agreed to accept responsibility for much of the Site remediation work

required under the ROD. Specifically, the Settling PRPs agreed to:

® Remediate the soil and groundwater on each of their properties. See Section 2.1.4 for

the applicable groundwater cleanup goals.

Evaluate the combined effects of the groundwater extraction systems.

Conduct a study in the format of an RI/FS for the Central Area. This study is to be
performed by Beatrice, Unifirst, and Grace (BUG). This study is not to include the

Aberjona River; USEPA agreed to perform the necessary investigations of the River.

An important refinement made in the CD is that the ROD definition of the “Central Area” was

changed. The CD effectively established three operable units (OUs).

® QU 1 - The five Source Area properties, as defined in the ROD.

ou2- 'fhe Central Area, includes all portions of the soil and groundwater that have
not been addressed under OUs 1 and 3. The Central Area specifically now includes
three other potential source area properties — Aberjona Auto Parts, Murphy Waste Oil,
and Whitney Barrel Corporation — that are located south of the Wildwood Property
and west of the River. These three properties are collectively referred to as the

Southwest Properties.
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* QoU3- Aberjona River, consists of the River, its tributaries and their sediments, and

associated wetlands.

The outer bounds of the Central Area were expanded in the CD (as compared to the Central Area
as defined and depicted in the ROD). At the same time, the CD resulted in a significant portion
(OU 3 as defined above) of the original ROD-defined Central Area being excluded from the

Central Area (GeoTrans, et al., 1992). Figure 1-2 shows the boundaries of each OU.

Four primary objectives for the Central Area RI/FS were identified in the CD.

1. Define the nature and extent of contamination in the Central Area.

2. Refine the present understanding of the interaction of the Aberjona River and the
aquifer systems within the Central Area.

3. Evaluate the impact of pumping groundwater within the Central Area on the Aberjona

- River and associated wetlands by analyzing the USGS pumping test and integrating

the results of . . . any additional pumping tests.

4. Identify and evaluate the effectiveness of various established and innovative remedial
technologies (e.g., pump & treat and in-situ bioremediation).

(USEPA, 1991, p.26)

Upon completion of the Central Area RI/FS,-a second Record of Decision for the Central Area
cleanup would be issued by USEPA and MADEP (USEPA, 1991). See Section 2.2.2 for a more
detailed discussion of the CD’s requirements for the Central Area RUFS. A summary of the

progress made at each operable unit since the CD was signed is presented in Section 2.2.
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2.1.4 Cleanup Goals

The remedial objectives presented in the ROD were established to “mitigate existing and future
threats to public health and the environment,” (USEPA, 1989, p.16). Under CERCLA, remedial
objectives must also comply with all Applicable or Relevant and Appropriate Requirements
(ARARs), such as state and federal drinking water regulations, and must specify that remediation

be carried out to achieve acceptable chemical exposure limits for human and ecological

receptors.

To be consistent with these requirements, the ROD (and CD) specified cleanup goals for
hazardous substances in the groundwater at the five Source Areas. The groundwater cleanup
goals for the Source Area were based on the aquifer’s classification by USEPA as a Class IIB —
Potential Drinking Water Source, and MADEP’s categorical classification of all groundwater in
Massachusetts as Class I —~ Drinking Water Source. In accordance with the remedial objectives
listed in Section 2.1.2, the Source Area groundwater cleanup goals must also apply to the Central
Area. The groundwater cleanup goals for the Central Area would be based on the MADEP’s
current classification-of the aquifer as a Potentially Productive Aquifer (GW-1), as well as
USEPA’s Class IIB designation. MADEDP also has designated the area around the Site as an
Interim Wellhead Protection Area because wells G and H are still considered to be active
municipal production wells; the City never formally abandoned the wells. These protected
aquifer classifications make the Safe Drinking Water Act (SDWA) an ARAR. Therefore, the
MCLs promulgated under the SDWA were identified as the cleanup goals for groundwater

within the aquifer. While the SDWA established MCLs for many contaminants, the ROD also
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identified nine VOCs as the primary site contaminants. The cleanup goals established in the

ROD for these nine VOCs are listed in Table 2-3.

There have been some revisions to the SDWA and MCLs since the ROD was written. It is

assumed that the cleanup goals for the Central Area would be based on the current MCLs. For

those primary site contaminants for which no MCL has been established, the MADEP’s GW-1

(drinking water) standards have been used as the cleanup goal. See Table 2-3 for the anticipated

cleanup goals for each of the primary site contaminants based on the current MCLs, and the

MADEP GW-1 standards. The actual cleanup goals for the Central Area will need to be

established in the ROD for OU 2.

Table 2-3 Groundwater Cleanup Goals for Primary Site Contaminants at the Wells G & H Site

Cleanup Goals Anticipated Cleanup
from RODa Goalsb

Primary Site Contaminants (ug/L) (ug/L)
Chloroform 100c 5¢
1,1-Dichloroethane (1,1 DCA) 5d 708
1,2-Dichloroethane (1,2 DCA) 5 5

--1,1-Dichloroethene (1,1 DCE) 7 7
trans-1,2-dichloroethene (1,2 DCE) 70e 100h
Tetrachloroethene (PCE) 5f 5
1,1,1-Trichloroethane (1,1,1 TCA) 200 200
Trichloroethene (TCE) 5 5
Vinyl Chloride (VC) 2 2
Notes

a All values based on the MCLs established at the time the ROD was written. All of the values and

notes presented in this column have been taken from the ROD (USEPA, 1989).

b All values represent current drinking water standards (MCLs) per the latest version of the SDWA

(http://www.epa.gov/OGWDW) unless otherwise noted.
¢ MCL is for total trihalomethanes; refers to the sum of chloroform, bromodichloromethane,

dibromochloromethane, and bromoform.

d MCL is for 1,2-dichloroethane. This value was used based on the chemical similarities between the

two compounds and their toxicological endpoints.
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¢ Proposed.

f MCL is for trichloroethene. This value was used based on the chemical similarities between the two
compounds and their toxicological endpoints. This value is also the CLP detection limit.

g No MCL established. MADEP’s GW-1 Standard used instead (MADEP, 1997).

h MCL for cis-1,2 DCE is 70 ug/L. When analyses do not differentiate the ‘type’ of DCE, the more
restrictive clean-up goal of 70 ug/L should be used.

USEPA has determined that the use of MCLs as cleanup goals would satisfy the remedial

objectives and also be protective based on allowable risk (USEPA, 1989).

2.2 STATUS OF REMEDIAL ACTIONS (1992-1999)
Since the Settling PRPs signed the CD with USEPA and MADEP, much has been accomplished
at the Source Areas (OU 1), but little progress has been made on the Central Area and Aberjona

River OUs. The following is a summary of the work completed, and the current status, at each

Ou.

2.2.1 Operable Unit 1 — Source Areas

Remediation of chlorinated volatile organics (cVOCs) in groundwater is underway at four of the

- -Source Areas. Grace and Unifirst have been operating individual pump & treat systems on their

respective properties since September 1992. Grace’s treatment system utilizes 22 extraction
wells to pump groundwater from the unconsolidated deposits (overburden) and shallow bedrock
at an average rate of 5 to 8 gallons per minute (gpm) for treatment on-site (Guswa, 1999). Figure
2-1 shows the effects that pumping has on the groundwater table. Unifirst uses a single
extraction well, UC22, pumped at approximately 40 gpm, to collect contaminated groundwater
for treatment in their facility (Handex, 1998). UC22 is designed to capture groundwater from

both the Grace and Unifirst facilities (Figure 2-2). Since April 1998, Beatrice has been operating
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a treatment system to remediate VOC-contaminated soil and groundwater on the Wildwood
property. Remediation consists of in-situ volatili.zation (air sparging) of the soil and groundwater
in both the deep overburden and bedrock. Groundwater beneath the area of influence of the air
sparge wells is pumped, at an average of 30 gpm, from five extraction wells to a treatment
facility on-site (RETEC, 1998a). Since February 2, 1998, NEP has operated a trailer-mounted
soil vapor extraction/air sparge (SVE/AS) system to remediate soil and groundwater
contaminated with VOCs (Woodard & Curran, 1999). USEPA and MADEP have not reached an
agreement with Olympia for their self-remediation of their property. See Appendix A for a more

detailed description of the work that has been performed at each Source Area since 1992.

2.2.2 Operable Unit 2 — Central Area
The CD includes a requirement that BUG conduct an RI/FS for the Central Area. Specific
requirements for the individual RI and FS phases were identified in Attachment 2 of the CD -

Outline of Work for RI/FS for Wells G & H Superfund Site (RI/FS Outline of Work) (USEPA,

1991).

The objectives specified in the CD for the RI portion were to:

1. Define the source(s), nature, extent, and distribution of contaminants released.

2. Provide sufficient information to evaluate remedial alternatives, conceptually design
remedial actions, select a remedy, and issue a Record of Decision that includes the
Central Area.

(USEPA, 1991, p. 35 of Attachment 2)
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The objectives specified in the CD for the FS portion were to:

1.

4.

Review the applicability of various remedial technologies, including innovative
technologies, to determine whether they are appropriate remedies for the Central
Area.

Determine if each alternative developed by combining technologies is effective by
evaluating in the short and long term whether it is effective, implementable, and cost
effective. Cost shall only to be used to evaluate alternatives of similar effectiveness.
Evaluate potential remedial alternative(s) through a detailed and comparative analysis
based upon the nine criteria listed in the CERCLA RI/FS Guidance and any more
recent CERCLA guidance.

Provide direction to the RI such that sufficient data of the appropriate type are
gathered to select a remedy based on the factors mentioned in the objectives listed
above.

(USEPA, 1991, p. 36 of Attachment 2)

Figure 2-3, taken from the CD, shows the process by which the RI/FS is to be performed, and
presents the key deliverables. The first step in the process at the Central Area was for BUG to
scope the RI/FS effort and provide a Work Plan for the RI/FS (USEPA, 1991). A schematic

timeline of how the investigations at the Central Area relate to the other portions of the Site 1s

shown in Figure 2-4.

An important part of the scoping effort was for BUG to identify, in the Work Plan, a preliminary
range of remedial action alternatives and associated technologies. The critical data that were
needed to evaluate such technologies were also to be identified in the Work Plan. The data
would then be obtained as part of the Phase 1A and Phase 1B Field Investigations (USEPA,
1991). See Section 5.0 for a specific evaluation of the Phase 1A Report and whether it included

all of the elements specified in the CD.
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In January 1992, BUG submitted a draft RUFS Work Plan for the Central Area in which they
presented their plan for collecting additional RI data. BUG focused their investigations on the
Southwest Properties because this area, “has not been subject to as much previous investigation

and interpretation” (GeoTrans, et al., 1992, p. 4) as the Central Area aquifer.

In 1992 and 1993, BUG carried out investigations and studies consistent with the approach
specified in their Work Plan. The Phase 1A Investigations included installation of 185 new
monitoring wells at 114 locatioﬁs, evaluation of alternative monitoring well installation
techniques, collection of 728 groundwater and surface water samples, investigations of the
Southwest Properties, review of the USGS groundwater flow model, and collection of a complete

round of groundwater and stream level measurements (GeoTrans & RETEC, 1994).

The results from BUG’s investigations and studies were presented in the Phase 1A Report,
submitted in February 1994. The Phase 1A also included a detailed description of the conceptual
model for the Central Area, as well as a comprehensive accounting of potential contamination
sources within the Aberjona River weatershed. BUG conclude their report by stating that “the
ROD objective to restore the Wells G & H Site Central Area Aquifer to drinking water quality is
technically impracticable and no additional investigations and evaluations are warranted”
(GeoTraﬁs & RETEC, 1994, p. 4-4). Arguments used by BUG to support this conclusion

include:

® The widespread contamination within the Central Area from numerous known and

unknown sources.
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® The ineffectiveness of pumping as a remedial alternative. Pumping will induce

infiltration of surface water from the River and the associated wetlands which,
themselves, are contaminated with arsenic and chromium.

The fact that the groundwater naturally discharges from the aquifer to the River, in
effect flushing contaminants from the Central Area aquifer.

(GeoTrans & RETEC, 1994)

The MADEP provided their comments on the Phase 1A Report to USEPA on August 29, 1994.
A copy of these comments is enclosed (Appendix B). However, the USEPA did not forward the
comments to BUG, nor have they formally commented on the Phase 1A Report. It appears that
USEPA and MADEP have deferred making a decision on the Central Area until the Source Area
remediation systems are implemented and the effects of remediation systems on the Central Area

can be evaluated (Garren, 1999).

As part of the agreement documented in the CD, USEPA was to perform an updated risk
assessment that was specific to the Central Area. The data used in the risk assessment were to
have been collected by BUG during the Phase 1A investigations. USEPA is currently evaluating
whether there are sufficient data from potential source areas within the Central Area to complete

the risk assessment. Portions of the risk assessment began in 1999 (http://www.epa.gov, 1999).
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2.2.3 Operable Unit 3 ~ Aberjona River

Since the CD was signed, a number of studies have been performed on the Aberjona River and
its associated wetlands (the River system), but no determination has yet been made on whether
the River and its sediments should be remediated. See Appendix A for additional information on

the studies and assessments performed at OU 3 since 1988.
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3. HYDROGEOLOGICAL SETTING

3.1 INTRODUCTION

A detailed description of the hydrogeological component for the Central Area is described in this
section. The text has been organized to provide a current understanding of the geology and
hydrology regarding the Central Area and the Aberjona River watershed. The text also contains
information on the effects of pumping within the Central Area by the source areas and by wells
G & H. [Note: Some of the information presented herein has been provided by communication
with the PRPs or from reports submitted by them and has not necessarily been accepted by
USEPA and MADEP. Some of this information has not been reviewed by the Capstone Group

for technical merit.]

3.2 GEOLOGY OF THE CENTRAL AREA

The geology of the Central Area consists of two primary layers: the unconsolidated deposits and
the bedrock. Unconsolidated deposits are further divided into glacial till, stratified drift
deposits/stratified outwash deposits, and swamp deposits. Figure 3-1 illustrates the 2-

dimensional cross section of the Central Area (GeoTrans & RETEC, 1994).

3.2.1 Unconsolidated Deposits

3.2.1.1 Glacial Till

The Central Area has two types of glacial till: lodgment till and ablation till. Lodgment till
consists of a very dense, poorly sorted, heterogeneous mixture of clay, silt, sand, gravel, cobbles,

and boulders. The hydraulic conductivity ranges from 0.01 to 0.60 feet per day. Ablation till is
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less compact than lodgment till and consists of poorly sorted fine to coarse sand, gravel, cobbles,
boulders, and minor amounts of silt and clay. Bécause ablation till has more sand, the hydraulic
conductivity is higher than that of lodgment till. The hydraulic conductivity ranges from 1.1 to
10.3 feet per day. The glacial till lies unevenly on the bedrock throughout most of the Central

Area (GeoTrans & RETEC, 1994).

3.2.1.2 Stratified Drift Deposits/Stratified Qutwash Deposits

The stratified drift lies above the glacial till and bedrock. It fills the Aberjona River Valley and
makes up the Central Area Aquifer. The stratified drift deposits consist of sorted sands, gravel,
cobble, and silt. The drift is up to 130 feet thick. The hydraulic conductivity ranges from 0.100
feet per day in the finer-grained deposits to 350 feet per day in the gravelly layers. The stratified

drift deposits are shown in Figure 3-1 (GeoTrans & RETEC, 1994).

3.2.1.3 Swamp Deposits

The swamp deposits are located in the wetlands adjacent to the Aberjona River and in isolated
areas such as the eastern portion of the Grace property. In the area near the Aberjona River, the
swamp deposits overlie the stratified drift. In the upland wetlands, the swamp deposits probably
overlie the glacial till as stated by the Phase 1A. The swamp deposits are composed of peat,
inter-bedded fine sand, silt, and clay. The thickness of the swamp deposits range from 5 feet to
25 feet. A cross section of swamp deposits can be seen in Figure 3-1 (GeoTrans & RETEC,

1994).
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3.2.2 Bedrock Geology

The bedrock consists of Salem Granodiorite, Dedham Granite, and undifferentiated
metavolcanics. The bedrock rises from an elevation of 70 feet below the National Geodetic
Vertical Datum (NGVD of 1929) to an elevation of approximately 60 feet above the NGVD as
seen in Figure 3-1. There is deep bedrock located in the western portion of the Central Area, and
shallow bedrock located in the eastern portion of the Central Area. The bedrock has an
interconnected fracture network which is not thoroughly fractured, but it contains localized
fracture zones capable of yielding water (GeoTrans & RETEC, 1994). Figure 3-2 shows a 3-

dimensional view of the underlying bedrock.

The hydraulic conductivity is generally low in the bedrock and would produce low yields;
however, there are localized areas in the Site’s bedrock that have provided sufficient water yield.
The water yields from the bedrock underneath New England Plastics and Grace are generally
low. However, the bedrock underneath Unifirst yields a large amount of water. UC22 is a 190-
foot deep bedrock well installed at the Unifirst property and can pump at a maximum rate of 45
gallons per minute (gpm) with a drawdown of about 50 feet. A pump test, conducted by Unifirst
and Grace, showed variations in drawdown data with response to pumping indicating that an
interconnected fracture network existed in the bedrock beneath the eastern portion of the Site.
However, it was concluded that there was no systematic pattern to the zone of drawdown and to

the fracture orientation within the bedrock (GeoTrans & RETEC, 1994).
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3.3 HYDROLOGY OF THE CENTRAL AREA

3.3.1 Surface Water |

The Aberjona River is the only surface water body in the Central Area. It generally flows in a
north-to-south direction flows through the central portion of a trough-shaped river valley. All
surface water runoff within the Site flows towards the Aberjona River through natural and
constructed drainage ways. Low permeability till and bedrock underlie the edges of the river
valley. The bottom of the river is covered with a coarse-grained glacial outwash. The coarse
grained material forms a small but permeable aquifer (GeoTrans & RETEC, 1994). Precipitation
directly through runoff and indirectly through groundwater recharge is a source of surface water.

The Central Area receives 14 to 28 inches of water per year from precipitation (Metheny, 1998).

The Wells G & H Site is an industrialized and urbanized portion of the Aberjona River watershed
within the Mystic Lakes drainage basin. The Aberjona River originates in the town of Reading
and flows southward through the city of Woburn towards the Mystic Lakes, as shown in Figure
3-3. Hall’s Brook and the East Drainage Ditch are major tributaries upstream of the Site. Snyder
Creek is a smaller tributary that is located in the eastern part of the Site, and it flows ina
southwesterly direction and joins the River south of the Site (GeoTrans & RETEC, 1994). The
wetland is a discharge area and the Aberjona River is normally a gaining river (Metheny, 1998).
The Aberjona River becomes a source of water for the underlying aquifer when wells G & H are

pumping (GeoTrans & RETEC, 1994). The Central Area is further depicted in Figure 3-4.
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3.3.2 Groundwater

3.3.2.1 Non-pumping Conditions

Under non-pumping conditions, the groundwater flows from the sides of the valley towards the
center where the Aberjona River lies as seen in Figure 3-5. As groundwater approaches the
Aberjona River the flow shifts so that it is more parallel to the river in a southern direction. The
vertical flow of the groundwater along the boundaries of the valley also flows downward from
the stratified drift deposits into the bedrock. However, as you get closer to the center of the
valley, the groundwater flows from the bedrock up into the stratified drift and into the Aberjona
River. Figure 3-1 shows a cross section of the groundwater flowing from the stratified drift

deposits into the bedrock and then up towards the center of the river valley (GeoTrans &

RETEC, 1994).

The sources of groundwater to the Central Area Aquifer are lateral inflow from:
® glacial till, stratified drift deposits, and bedrock from both the eastern and western
sides of the Aberjona River
® southerly flow across the northern boundary of the Central Area
® local infiltration of precipitation within the valley
Groundwater discharges from the Central Area Aquifer into the Aberjona River at a rate of about

450 gpm over 3000 linear feet of the River (GeoTrans & RETEC, 1994).

3.3.2.2 Pumping Conditions

The pumping of wells G & H affects the direction of groundwater flow in the Central Area.
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Wells G & H were pumped at a combined rate of 1,100 gallons per minute during the 1985/1986
30-day USGS pumping test. The pumping rate represented the peak-pumping rate during the

time when wells G & H were in use.

A time-of-travel study was also conducted as part of the USGS pump test report. Metheny
(1998), from Ohio State University, has taken the information from the USGS pump test and

studies to develop a very extensive groundwater model (MODFLOW) for the Site. Metheny’s

MODFLOW results showed that it would take seven years for a groundwater particle t»oﬁﬂow

from Unifirst to well H under pumping conditions. The model also showed that, undcr pumping
conditions, it would take nine years for a particle from Grace to flow into well H, an(; one-and-a-
half years for a particle from Wildwood to flow into well G (Metheny, 1998). A simulation of a

particle pathway flow from the Source Areas under natural conditions can be seen in Figure 3-6.

Figure 3-7 illustrates particle pathway flow from the source areas under pumping conditions.

The pumping of wells G & H drew water from all directions, lowering the water levels around
the wells. However, instead of a circular cone of depression, an elliptical shape occurred. The
elliptical shape was because of two reasons: (1) the wells were aligned parallel to the River and
(2) there was a limited amount of groundwater available from the till and bedrock in the eastern
portion of the Central Area. The cones of depression expanded into areas from where the water
was more easily drawn, which in this case was from the sand and gravel outwash that was
parallel to the Aberjona River. Figure 3-8 shows the cones of depression caused by the pumping

of wells G & H during the USGS pump test (Myette, et al., 1987).



[

3.3.2.3 Pumping Effects on the Aberjona River

The pumping of wells G & H also influenced the flow of the Aberjona River. The effect of the
Aberjona River on the Central Area Aquifer is described in the USGS pump test report. The
Aberjona River was originally believed to be a natural hydraulic barrier that would prevent
contaminants from flowing across the Aberjona River and into wells G & H. The USGS report
proved this theory wrong. The test showed that if wells G & H were pumping at 700 gpm and

400 gpm, respectively, the Aberjona River would contribute up to 50 percent of the water being

pumped from the aquifer. The pumping caused surface water and groundwater to cross the river
into the wells (GeoTrans & RETEC, 1994). Figure 3-9 illustrates the reversal of flow direction

in the vicinity of the Aberjona River caused by pumping.

3.3.2.4 Pumping Effects from Grace’s and Unifirst’s Recovery Systems

The Grace recovery system consists of 22 shallow extraction wells that pump water from the
unconsolidated deposits and shallow bedrock at a rate of 5 gpm. The Unifirst extraction system
consists of one 190-foot-deep bedrock well, UC22, which extracts groundwater at a maximum
rate of 45 gpm. Under non-pumping conditions, the groundwater would flow from the eastern
portion of the Site towards the Central Area. However, when the Grace and Unifirst wells are
pumped, the groundwater is captured by the recovery wells, thus preventing further
contamination to flow into the Central Area (GeoTrans & RETEC, 1994). The zone of influence
created by UC22 reaches a depth of about 400 feet and extends to capture a width of about 1500
feet (See Figure 2-2). The Grace and Unifirst extraction systems combine to create an effective
capture zone (The Johnson Company, 1996). However, the exteﬁt to which the groundwater is

captured in the western portion of the capture zone is still subject to some debate with regulators
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(Naparstek, 1999). The effectiveness of the groundwater capture systems that are presented here

are those of the PRPs and have not been evaluated by the Capstone Group for this study.

3.3.2.5 Pumping Effects on the Southwest Properties

The Southwest Properties were influenced by wells G & H and the Riley well which was shut
down in January 1989 (USEPA, 1989). The Riley well, also numbered S46, was used by Riley
Tannery as a source of water for the tannery industry. The Riley well is located west of the
Aberjona River, as seen in Figure 3-5. The groundwater from the Riley well naturally flows
easterly towards the Aberjona River; however, when the Riley well was pumping, groundwater
was diverted towards the well. During the USGS 30-day pump test, the Riley well was not
turned off, and because the well was not shut off, the model was more accurate to what would

have been observed to the pumping in the 1960’s of Wells G & H (Myette, 1999).

Between the Riley well and wells G & H during pumping conditions a line of stagnation
(referred as the Downgradient Limit of Zone of Contribution in Figure 3-10) occurs. This line
represents a ‘“no flow” pathway that groundwater travels along. The effect that the pumping of
wells G & H had on the Southwest Properties was the placement of the line of stagnation. If
wells G & H were pumping and not the Riley well, the line of stagnation would move south. If
the Riley well was pumping and not wells G & H, the line of stagnation would move north.
Wells G & H could not draw groundwater from the Southwest Properties and the Riley well
could not draw groundwater from the Central Area Corridor while all the wells were operating.

Figure 3-10 illustrates the location of the no flow lines (RETEC, 1997).



3.3.2.6 Pumping Effects from Wildwood Recovery System

The Wildwood groundwater recovery system consists sparge wells and extraction wells. There
are five extraction wells pumping at combined rate of 22 gpm. One well is located in the deep
bedrock while the other four wells are screened in shallow bedrock. Twenty-four air sparging
wells are used to inject air into the subsurface, both above and below the water table. The air is
then contained and treated. Figure 3-11 illustrates the radius of influence from both the sparge

wells and extraction wells of groundwater on the Wildwood Property under pumping conditions

(RETEC, 1997).
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4. CONTAMINATION OF GROUNDWATER IN THE CENTRAL AREA
Groundwater contamination in the Central Area has been documented ranging from limited
analysis to detailed analysis from 1979 to 1998 (GeoTrans & RETEC, 1994; Handex, 1998).
These data were used to describe the current Site groundwater contamination presented in this

section.

4.1 SOURCES OF CONTAMINATION

Groundwater contamination within the Central Area is from several sources. The sources
include historical releases (prior to current Site property owners), and releases from the current
Site property owners. However, it is uncertain if each source area has contributed to the

contamination in the Central Area and to what extent.

4.1.1 Historical Sources

Degradation of water quality within the Aberjona River basin has occurred in parallel with
industrial development in the region. As early as the 1870s, material used by the tanneries was
dumped into the river. Direct and indirect discharges from the tanneries appear to have been
commonplace. Specific citations of pre-1900 pollution include the discharge of ammonia, tar
products, and spent bark liquor into the watershed. During the 19305 the Massachusetts State
Department of Health (MSDH) prosecuted five tanneries for industrial pollution (GeoTrans &

RETEC, 1994).

From the late 1970s to the present, the major investigations of the Aberjona Watershed have

centered on two federal Superfund sites, the Industri-Plex Site and the Wells G & H Site. These
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studies were conducted by several investigators including a basin-wide chemical fate and

transport study conducted by the Massachusetts Institute of Technology (MIT).

4.1.2 Wells G & H Source Areas

The ROD identified the Grace, Unifirst, NEP, Wildwood, and Olympia properties as sources of
contamination (see Figure 3-4). The ROD also states that volatile organic compounds are the
primary contaminants in the groundwater at the Site (USEPA, 1989). The followingis a

summary of how each Source Area contributed to the contamination of the Central Area.

Grace

The Cryovac Division of W. R. Grace & Company, Inc., owns the property and buildings located
on 12.6 acres of land at 369 Washington Street, east-northeast of wells G & H. Grace
manufactured vacuum packaging machines and used TCE during the final processing of the
machinery. Prior to 1979, waste TCE was disposed of by pouring it onto the soil. Groundwater
contaminated with VOCs exists in both the unconsolidated deposits and bedrock at the property.
Groundwater contamination consists primarily of chlorinated solvents and is characterized by a
high percentage of TCE and 1,2-DCE. Other contaminants include PCE and vinyl chloride.
Maximum contaminant céncentrations before remediation began at the site are as follows: TCE
(2800 ug/L); vinyl chloride (3600 ug/L); toluene (3600 ug/L); and 1,2-DCE (7300 ug/L)

(Ebasco, 1989).
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Unifirst
Unifirst is located at 15 Olympia Avenue, northeast of wells G & H. The facility was used for
dry-cleaning operations that used and stored PCE. The building is presently used as a truck

rental facility and warehouse storage of uniforms.

Groundwater sampling at Unifirst has shown contamination, primarily with PCE, in both the
unconsolidated deposits and bedrock aquifers. Secondary constituents are 1,1,1-TCA and
smaller amounts of TCE and 1,2-DCE. PCE was present at a maximum concentration of 2600
ug/L in the unconsolidated deposits and a maximum concentration of 20,000 ug/L in the
fractured bedrock at a depth of 104 feet prior to remediation (GeoTrans & RETEC, 1994). The

contamination extends southwest of the property primarily in the bedrock aquifer.

The PCE contamination has been related to a possible spill in the vicinity of monitoring Well
UC-8, as indicated by the presence of PCE in dense non-aqueous phase liquid (DNAPL)

(GeoTrans & RETEC, 1994).

Wildwood

The Wildwood Conservation Corporation is the current owner of the undeveloped 15-acre parcel
located west of wells G & H on the other side of the river. The Wildwood property was formerly
owned by J & J Riley Company and by Beatrice Foods, Incorporated. Wildwood had some of
the highest groundwater contaminant levels found at the Wells G & H Site. Prior to remediation,

VOC levels in the groundwater were high throughout most of the unconsolidated deposits under
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this property, with a maximum concentration of TCE of 190,000 ug/L (GeoTrans & RETEC,
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1994). Groundwater contaminated with cVOCs is also found in the fractured bedrock with a

maximum concentration of TCE of 6700 ug/L (GeoTrans & RETEC, 1994).

New England Plastics

The New England Plastics (NEP) Corporation, located on Cedar Drive north of Salem Street,
manufactures vinyl siding and various other plastic extrusions. NEP leased space to a second
company, Prospect Tool and Dye Company, that disposed of TCE in the soil on the property

(GeoTrans & RETEC, 1994).

Groundwater at this property is contaminated with volatile organics. PCE, TCE, 1,1,1-TCA and
DCE were found in both bedrock and unconsolidated deposits wells at NEP. The primary
contaminant, PCE, was found in the unconsolidated deposits at concentrations as high as 96 ug/L
and in the bedrock wells at concentrations as high a 330 ug/L prior to remediation (GeoTrans &

RETEC, 1994).

Olympia

The 21-acre Olympia Nominee Trust facility is located at 60 Olympia Avenue, northeast of well
G & H, on the other side of the river. This facility is used for transportation and trucking
operations. Diesel and gasoline fuels are stored in underground tanks on the site. Hazardous
debris was dumped on the property on the west side of the river (GeoTrans & RETEC, 1994).
Groundwater contamination is present in the unconsolidated deposits beneath Olympia. TCE

and xylene were detected in the unconsolidated deposits. Elevated concentrations of TCE (3400
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ug/L maximum) were observed in a monitoring well on the property (GeoTrans & RETEC,

1994).

4.1.3 Southwest Properties Groundwater Contamination

The 1994 Remedial Investigation presented the analysis of groundwater from the Southwest
Properties. The Southwest Properties consist of three areas: Murphy Waste Oil, Whitney Barrel,
and Aberjona Auto Parts. Thirteen groundwater s;mples were analyzed from the Southwest
Properties. 1,2 DCE was detected in seven of the thirteen-groundwater samples, TCE was
detected in ten samples, and PCE was reported only in the Aberjona Auto Parts property in six of
the thirteen samples. Benzene, toluene, ethylbenzene, and xylene (BTEX) were observed in the
groundwater at the Murphy Waste Oil property (RETEC, 1994). The specific contaminant

distributions for the Southwest Properties are presented below.

Aberjona Auto Parts

Groundwater contamination at the Aberjona Auto Parts property included trans-1-2-DCE, TCE,
and PCE. BTEX concentrations were not reported above the MCLs in any of the groundwater
samples collected. The concentrations for PCE (22 ug/L), TCE (363 ug/L) and 1-2-DCE were all

detected at levels above the MCLs. (RETEC, 1994).

Whitney Barrel

Chlorinated compounds were detected in groundwater samples and include 1,1-dichloroethene
(1,1-DCE), 1,2,-DCA, chloroform, 1,1,1-TCA, TCE, and PCE. Contamination in monitoring

well MW-4SS, a shallow monitoring well installed along the northemn property boundary,
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contained the greatest number of chlorinated compounds. However, the contaminants were all
reported below the MCLs. BTEX contamination was also reported below the MCLs (RETEC,

1994).

Murphy Waste Oil

The chlorinated compounds detected in the Murphy Waste Oil site include 1,1-DCE, 1,2-DCE,
1,1,1-TCA, TCE, and PCE. 1,2-DCE was reported at the highest concentration, (460 ug/L), in
monitoring well MR-2SS. TCE in this well was detected at 22 ug/L. All other chlorinated
compounds were reported below 5 ug/L. BTEX was reported at a concentration range of 4 to
360 ug/L. The highest concentration was reported in MR-2SS. Total xylene was detected at 320

ug/L and is below the MCLs (RETEC, 1994).

4.2 NATURE AND EXTENT OF CONTAMINATION

Water quality data collected within the Central Area from 1979 to 1998 documents groundwater
contamination. The most recent and complete Central Area data was collected from 1991 to
1993 as documented in the Remedial Investigation Phase 1A Report (GeoTrans & RETEC,
1994) and the Draft Remedial Investigation Southwest Properties Report (RETEC, 1994). Water
quality data contamination includes VOCs, SVOCs, and inorganic compounds. The maximum
concentration of all contaminants historically detected in the Central Area groundwater is

presented in Table 4-1.
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Table 4-1 Maximum Contaminant Concentration in Groundwater for the Central Area

Compound Concentration ( ug/L) MCL
Volatile Organic Compounds
Chloroform 150 5*
1,1 Dichloroethane 15 70*
1,2 Dichloroethane 4 5
1,1 Dichloroethene 9 7
Tetrachloroethene 1,500 5
Trichloroethene 270 5
Vinyl Chloride 0.3 2
1,2 Dichloroethene total 91 70
1,1,1 Trichloroethane 340 200
Benzene 5,700 5
Ethylbenzene 610 700
Toluene 3,100 1000
Total xylenes 2,700 1000
Inorganic Compounds
Lead 204 15
Chromium 344 100
Sodium 225,000 -
Arsenic 83 50
Chloride 700,000 -
Sulfate 43,000 -
Nitrate 16,400 -
Iron 8,300 -
Semi-Volatile Organic Compounds
2-methylnaphthalene U 10*
Benzo(ghi)perylene 8 300*
Fluorene U 300*
Phenanthrene U 300*
Acenaphthylene U 20*
Acenaphthene - 13 20*
Benzo(a)pyrene 6) 0.2*
Chrysene 12 2+
Indeno(1,2,3-cd)pyrene U 0.5*
Pyrene U 1*
Benzo(b)flouranthene 23 1*
Benzo(a)anthracene U 1*
Fluoranthene 22 300*
Naphthalene 400 20*

* = MADEP GW-1 standard

Notes:

All values are reported from the Phase 1A Report (GeoTrans & RETEC, 1994).

Abbreviations and Symbols:

MCL = Maximum Contaminant Limits

U = Not detected
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o 4.2.1 Volatile Organic Compounds

Chlorinated VOCs

The main contaminants of concem for the Wells G & H Central Area are organic compounds
belonging to the chemical grouping chlorinated (halogenated) VOCs or cVOCs. The following
is a summary of the nature and extent of contamination present in the unconsolidated deposits

and bedrock aquifers within the Central Area.

® Unconsolidated Deposits

From 1979 to 1998, the groundwater within unconsolidated deposits in the Central Area has been
sampled and analyzed for contamination. The contamination consists of mainly two constituents
PCE (ranging from Sug/L to 1500 ug/L) and TCE (ranging from Sug/L to 270 ug/L). Monitoring
wells in which cVOCs were detected above the MCLs as of 1993 are listed in Table 4-2. The
total cVOCs is a reasonable representation of the data due to the similarities of properties
specifically density, Henry's Law constant, and vapor pressure. Total cVOCs within the
unconsolidated deposits was calculated by adding the detected values for chloroform, 1,1 DCA,
1,2 DCA, 1,1 DCE, PCE, TCE, VC, 1,2 DCE total, and 1,1,1 TCA using the most recent data
from each well. Total cVOC calculations for unconsolidated deposits are illustrated in Figure 4-
1. Exceedances of cVOCs were widespread throughout the Site without an identifiable plume or

pattern.

-
<
L
=
-
O
o
(@
L
>
—
L
O
04
<
=
o
L
2
>

4-8




Table 4-2 Contaminant Level Measured in Groundwater Monitoring Wells in Unconsolidated
Deposits in the Central Area with Detected Exceedances of MCLs

US EPA ARCHIVE DOCUMENT

PRIMARY SITE CONTAMINANTS (ug/)
WELL| Date [Chloroform| 1,1 DCA 1,2 1,1DCE | PCE TCE vC 1,2DCE | 1,1,1
# DCA total TCA
MCL sa 704 5 7 5 5 2 70 200
AB2 9/19/93 2U 20U 2U 20U 21.2JD 363 2U <2U <500D
BWI16 | 9/19/93 2U 2U 2U 2U 0.6 107D 20U 7.6 12
DP1 12/17/91 5U 5U 5U 5U 68 5 10U 3] 12
DP6 6/3/92 11 10U 10U 10U 57 44 10U 21 10U
8/9/93 150 0.5U 0.5U 0.5U 7 7 0.3] 8 0.6
DP7 6/3/92 10U 10U 10U 10U 89 35 10U 14 14
4/7/93 0.5U 0.5U 0.5U 0.5U 6 2 0.5U 0.5U 0.5U
8/9/93 0.2) 0.5U 0.5U 0.5U 7 3 0.5U 1 0.6
DP24 6/1/92 0.5U 0.5U 0.5U 0.5U 0.7 40J 0.5U 6 0.5U
4/6/93 0.5U 0.5U 0.5U 0.5U 14 7 0.5U 0.4] 3
K42 7/26/93 4U 2 4U 4U 540 17 4U 2] 4U
K50 7/23/93 2 0.6 0.5U 2 0.4] 8 0.5U 0.5] 1
KS5 9/9/93 1U 1U 1U 1U 26 1 1U 1U 3
K60 10/19/93 0.3] 0.5U 0.5U 0.5U 18 0.9 0.5U 0.5U 2
K61 10/20/93 10U 10U 10U 9J 400 23 10U 9] 45
K62 10/19/93 20U 2U 2U 2] 120 11 2U 4 13
K63 10/18/93 1U 1U 1U 1U 90 13 1U 1J 10
MR2 9/19/93 2U 2U 2U 2U <10U 22.6D 2U 461D <100D
S39 (H)| 5/14/79 1.1 - - - 18.3 117.6 - - -
5/20/80 - - - - 31 102 - 23 2
1/25/81 - - - - 41 73 ND 21 <10
12/6/85 ND ND ND 3.19 292 108 ND 52.1 47.3
12/24/85 ND 1.7 ND 2 ND 65.5 ND 29.7 16.1
1/6/86 ND ND ND ND 91.7 579 ND 24.2 23.1
8/26/91 1U 0.8 10 1U 9 T T 10 SU 2 10
S40 (G)| 5/14/79 11.8 - - - 20.8 267.4 - 28 0.6]
5/20/80 - - - - 26 136 - 28 -
1/25/81 ND ND ND ND 36 210 ND 14 ND
12/6/85 ND ND ND ND 433 875 ND 334 9.26
12/24/85 ND ND ND ND 43 87 ND ND ND
1/6/86 ND ND ND ND 48 111 ND 12.5 9.8
8/21/91 0.5U 0.5U 0.5U 0.5U 33 60 SU 14 0.6]
S63 4/23/85 ND ND ND ND 86J 723 ND 44 ND
5/21/85 2R ND ND ND 69 64 ND 41 ND
12/22/87 ND ND ND ND 107 32 ND 25.1 ND
9/20/90 1 1 ND 1 390 79 ND 313 3
2/26/91 50U 50U 50U 50U 650 89 100U 31y 50U
12/22/92 5U 5U 5U S5U 8.6 5U 10U 5U 5U
2/9/93 5U 5U 5U 5U 20 50 10U 5U 5U
4/28/93 0.5U 0.5U 0.5U 0.5U 14 0.6 0.5U 0.5U 0.5U




PRIMARY SITE CONTAMINANTS (ug/l)
- WELL| Date |Chloroform] 1,1DCA | 1,2 | 1,1DCE| PCE | TCE VC | 1,.2DCE | 1,1,1
# DCA total TCA
MCL 5a 704 5 7 5 5 2 70 200
- ,
5/12/93 ND ND ND ND 17 ND ND ND ND
- 8/10/93 0.5U0 050 | 05U | 05U 6 0.5] 0.50 05U | 0.50
11/9/93 ND ND ND ND ND ND ND ND ND
3/23/94 100 100 100 100 100 100 100 100 100
S64 4/10/85 ND ND ND ND 30J 88J ND 65 ND
9720750 130 03] N N 83 70 ND 33 2
222091 16 5U 50 50U 53 38 100 25 50
4/78/93 03] 050 | 050 | 05U 22 9 0.50 3 0.5
8/11/93 0.50 050 | 05U | 050 32) 10 0.50 2 0.9
S65 8/6/93 0.2] 050 | 05U | 05U | 05U 17 ) 50 3
S67 4/11/85 ND ND ND 21 ND 173 ND ND 15
|_ 5/22/85 ND ND ND 4] ND 20 ND ND 18
6/11/85 ND ND ND 317 ND 49 ND ND 17
z 9719/90 ND ND ND 05 ND 8 ND ND 3
2719791 50 50 50 50 5U 5 5U 100 50
L 8/6/93 050 050 | 05U 0.7 0.50 3 0.5U0 0.50 1
z 3723197 10 10 10 10 10 93 10 10 10
S68 4723/85 ND ND ND ND 52.1 73.1 ND 296 7
: 11/a/87 ND ND ND ND 47 47 ND 28 5
u 8/21/91 2] 20 20 20 50 37 10U 17 Y]
S77 0/22/92 5U 5U 5U 5U 27 16 20 NA sU
o S81 4717185 2R ND ND ND | 1000J | 1803 ND T9R | 120R
5714785 ND ND ND ND 670 | 30 ND ND 99
ﬂ 6/26/85 313 ND ND ND 580 463 ND ND 340
2/20/91 12 5U 50 5U 50 50 10U 50 5U
u.| 5/16/91 6 sU sU 5U 56 sU 10U 5U sU
12/21/92 5U 5U 50 50 610 6.2 100 63 13
> 2/9/93 sU 50 50 50 420 57 100 55 13
| g | 5/13/93 ND ND ND ND 390 ND ND ND ND
: 8/11/93 3 050 | 050 | 047 200J 1 0.50 1 3
11/9/93 ND ND ND ND 98 ND ND ND ND
U 577796 100 10U 100 | 100 29 100 100 100 Y]
u 4122197 2 100 100 100 24 100 100 100 100
4722798 10 10 U 10 19 10 10 10 0.8]
< S82 4/25/85 ND ND ND ND 39.1 73.9 ND 35.6 ND
2/22/91 5U 5U 50 5U R 38 100 13 6
{ 5/29/91 50 50 sU 50 210 26 100 12 50
S84 8/20/91 10 10 0 10 16 16 5U 6 0.3)
(a8 S85 4/16/35 ND ND ND ND 56 110 ND 68 75
T 8/23/91 2 50 50 50 180 a1 100 17 47
9/2/93 5 20 20 70 220] 32 20 20 20
7)) S87 8/23/91 5U 5U 5U 50 150 45 5U 23 T
S89 8/26/91 10 0.9] U 10 2 15 0.4] 0.7 2
=' S90 8/22/91 4] 5U 5U 5U Pz 46 10U 24 2]
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PRIMARY SITE CONTAMINANTS (ug/l)
( WELL} Date [Chleroform| 1,1 DCA 1,2 {1,IDCE| PCE TCE vC 1,2DCE { 1,1,1
: # DCA total TCA
MCL ja 704 5 7 5 5 2 70 200
S91 8/21/91 0.3] 1U 1U 1U 91 60 sU 28 7
9/1/93 1U 1U 1U 1U 70 32 suU 16 3
S93 8/27/91 1U 0.7) 1U 1U 2 24 5U 2 1U
594 8/20/91 1U 1U 1U U 21 21 suU 9 0.6J
UG2 8/26/91 1U 1U 1U 1U 5 9 5U 13 1
UG4 8/22/91 1U 1U 1U 1U 22 29 SU 10 1U
UG5 3/30/93 sU 15 sU 4] 2U 41 1 24 sU

?=MADEP GW1 standard

Notes:

- All values are from RI Phase 1A Report (GeoTrans & RETEC, 1994) and the RD/RA Year 6 Annual Report for
the Unifirst Site (Handex, 1998).

- Values shown in Bold are greater than or equal to MCLs.

- Maximum value taken from wells with multiple screens

Abbreviations and Symbols:

MCL - Maximum Contaminant Limits
1,1-.DCA - 1,1 Dichloroethane

1,2 DCA - 1,2 Dichloroethane

1,1 DCE - 1,1 Dichloroethene

1,2 DCE ~ 1,2 Dichloroethene

PCE - Tetrachloroethene

1,1,1-TCA - 1,1,1 Trichloroethane

TCE - Trichloroethene

VC -~ Vinyl Chloride

D - Diluted Sample

J — Approximate

NA — Not Analyzed

ND - Not Detected

R - Rejected — -
U - Not Detected at noted detection limit
< — Less than noted concentration

- — Not Analyzed for

® Bedrock
From 1984 to 1998, groundwater within the bedrock aquifer in the Central Area has been
sampled and analyzed for contamination. Data from the monitoring wells that have detected

concentrations of cVOCs above the MCLs as of 1993 are listed in Table 4-3.
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The distribution of total cVOCs within the bedrock was calculated by using the most recent data

from each well. Total cVOCs was calculated by adding the detected values for Chloroform, 1,1

DCA, 1,2 DCA, 1,1 DCE, PCE, TCE, VC, 1,2 DCE total, and 1,1,1 TCA. The total cVOCs

calculations for the bedrock are illustrated in Figure 4-2.

Table 4-3 Contaminant Level Measured in Groundwater Monitoring Wells in Bedrock in the
Central Area with Detected Exceedances of MCLs

PRIMARY SITE CONTAMINANTS (ug/1
WELL #| DATE | Chloroform |1,1 DCA|1,2DCAj1,1 DCE| PCE TCE vC [1,2DCE{ I,1,1
total TCA
MCL sa 704 K] 7 5 5 2 70 200
AB2 9/1993 2U 20U 2U 2U 20.7D | 144D 2U | <20UD | <20UD
BW16 9/1993 2U 2U 2U 2U 10U 41D 2U <10 <10U
DP6 4/24/93 0.9 0.5U 0.5U 0.2) 18 10 0.5U 6.3 2
8/9/93 0.3] 0.5U 0.5U 0.5U 11 6 0.5U 4 0.6
DP24 4/28/93 0.5U 0.3] 0.5U 0.5U 0.5U 15 0.5U L) 0.5U
8/6/93 0.5U 0.3 0.5U 0.5U 0.2) 11 0.5U 3 0.5U
GOl 2/28/91 13U 13U 13U 13U 290 8J 25U 13U 3J
12/21/92 10U 10U 10U 10U 480 29 10U 6.7 10U
5/12/93 10U 10U 10U 10U 230 13 10U 10U 10U
8/10/94 10U 10U 10U 10U 110 6J 10U 10U 10U
5/9/95 2J 10U 10U 10U 68 4) 10U 10U 10U
5/7/96 10U 10U 10U 10U 46 iJ 10U 10U 10U
4/22/97 1U 1U 1U 1U 32 2 1U 1U 1U
4/22/98 1U 1U 1u iU 30 2 1U 1U 1U
K55 7/26/93 1U 1U 1U 8 260 44 1U 11 37
K56 7/26/93 0.5U 0.5U 0.5U 0.5U 1 5 0.5U 0.5 0.6
K60 10/19/93 0.5U 1 0.5U 0.5U 26 0.8 0.5U 0.5 0.9
K61 10/20/93 0.5U 0.6 0.5U 0.3] 32 5 0.5U 5 2
K62 10/19/93f 0.5U1 0.5U0) | 05U | 0.5U) 11J 2J 0.5UJ k) 0.5
K63 10/18/93 1UJ 0.5) 1UJ 09] 82 14) 1UJ 3] 5
K64 10/20/93 0.3J 0.5U 0.5U 0.2] 29 6 0.5U 1 1
S22 11/2/81 ND ND ND ND 4 170 ND ND ND
10/11/84 ND ND ND ND 18 88 ND ND ND
8/9/93 0.5U 0.5U 0.5U 0.2) 15 19 0.5U | 242 2
S63 4/23/85 ND ND ND ND 270 140 ND 91 10
5/21/85 ND ND ND ND 40 130 ND 84 4]
6/12/85 ND ND ND ND 170J 150 ND 90 8.4)
11/19/85 ND ND ND ND 249 68.5 ND 40 8.55
12/22/87 ND ND ND ND 792 76.8 ND 26.2 ND
9/20/90 2 3 ND 3 830 120 ND 30.3 7
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PRIMARY SITE CONTAMINANTS (ug/l)

WELL #| DATE | Chloroform|1,1 DCA|1,2DCA|1,1 DCE| PCE TCE VC |1,2DCE) 1,1,1
total TCA
MCL 54 704 5 7 5 5 2 70 200
2/26/91 50U 50U S0U 50U 1100 92 100U 27] 50U
9/17/92 14U 14U 14U 14U 490 67 28U 29 14U
12/22/92 5U SU 5U _5U 57 1.7 10U SU 5U
2/9/93 50U SU SU 5U 63 SU 10U sU 5U
4/28/93 1U -1U 1U 1U 33J 3 1U 1U 1U
5/12/93 ND ND ND ND 37 ND ND ND ND
8/10/93 0.3] 0.5U 0.5U 0.5U 18 0.9 0.5U 0.3] 0.5U
11/9/93 ND ND ND ND 6.6 ND ND ND ND
S64 4/10/85 ND ND ND ND 44J 180J ND 85J 3J
11/15/85 ND ND ND ND 22.5 110 ND 68 2.86
9/20/90 0.2] 10 ND 4 1100 470 ND 71.7 3
2/25/91 50U 50U 50U 50U 880 200 100U 54 50U
8/11/93 1 2 0.5U 1 250 100 2 53 2
S65 8/11/93 2U 2 2U 2U 200 42 2U 13 1]
S66 4/16/85 ND ND ND ND 3.2 9.8 ND 5 ND
9/20/90 ND ND ND ND 1500 100 ND 21 ND
6/5/92 86U 15] 86U 86U 1300 140 86U 25J 86U
4/28/93 0.5U 0.5U 0.5U 0.5U 32 4 0.5U 0.8 0.5U
9/20/93 0.5U 0.5U 0.5U 0.5U 29 3 0.5U 0.6 0.5U
S67 4/11/85 ND ND ND ND ND 33J ND ND ND
5/22/85 ND ND ND ND ND 37 ND ND ND
6/11/85 ND ND ND ND ND 34 ND ND ND
2/19/91 5U 5U SU 5U S5U 60 10U 5U SU
9/16/92 S5U SU SU 2] SU 30 10U SU 5U
8/6/93 0.5U 0.3J 0.5U 2 0.5U 23 0.5U 0.4] 0.9
4/23/97 1U 1U 1U 1U 0.6J 22 2U 2U 0.5
S77 9/1993 100U 100U 100U 100U 25DJ | 403D | 100U | NA 100U
S81 4/9/85 ND ND ND ND 200J 6J ND 3J 21J
5/1/85 ND ND ND ND 67.4 3 ND ND ND
5/14/85 ND ND ND ND 140 ND ND ND ND
6/28/85 ND ND ND ND 98J 3] ND 1J 16)
11/19/85 ND ND ND ND 280 13.8 ND 7.8 84.8
2/21/91 25U 25U 25U 25U 320 26 50U 25U 25U
12/21/92 5U 5U SU 5U 210 7.8 10U SU 5U
2/9/93 5U SU SU SU 260 8.2 10U SU 7.6
5/13/93 ND ND ND ND 410 10 ND ND 5.2
8/11/93 2U 2U 2U 2U 190 5 2U 2] 5
11/9/93 ND ND ND ND 160 ND ND ND 6.4
8/10/94 2] 10U 10U 10U 52 10U 10U 10U 3]
5/9/95 15 10U 10U 10U 36 10U 10U 10U S
11/7/95 3J 10U 10U 10U 98 10U 10U 1J 8J
5/7/96 10U 10U 10U 10U 190 10U 10U 10U 5J
4/22/97 1U 1U 1U 1U 130 3 2U 2U 1U
4/21/98 1U 1U U 1U 190 5 2U 1U 1U
S97 11/19/85 ND ND ND ND 3.5 150 ND ND ND
4-13
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PRIMARY SITE CONTAMINANTS (ug/l)
WELL #| DATE | Chloroform|1,1 DCA{1,2DCA|1,1 DCE| PCE TCE vC 1,2DCE| 1,1,1
total TCA
MCL sa 709 5 7 5 5 2 70 200
9/2/93 1U 1U 1U 1U 99J 42J 1U 22 1
UC14 2/18/88 ND ND ND ND n 3.2 ND ND ND
4/13/88 ND ND ND ND 15 ND ND ND ND
2/19/91 s5UJ s5UJ 5Ul 5U) 140J 11J 10UJ 5UJ 2181)
5/15/91 507 s5UJ 5UJ 5UJ 9 5U 100) | 5UJ SU
2/13/95 sUJ 5UJ SUJ 5UJ 5.7 96 5U 11 5U
5/7/96 100U 100U 100U 100U 100U 28 100U 13 100U
4/22/97 1U 0.6] 4 1U 4 26 2U 1U 1U
4/22/98 1U 1U 2 1U 1 11 2U 1U 1U
8/18/93 0.2 1 0.5U 0.5U 6 15 0.5U 3 5

2= MADEP GW1 standard

Notes:

- All values are from RI Phase 1A Report (GeoTrans & RETEC, 1994) and the RD/RA Year 6 Annual Report for
the Unifirst Site (Handex, 1998).

- Values shown in Bold are greater than or equal to MCLs.

- Maximum value taken from wells with multiple screens

- See Table 4-2 for definition of abbreviations and symbols

Review of the unconsolidated deposits and bedrock areal plots shown in Figures 4-1 and 4-2
indicates that there is a widespread distribution of cVOCs within the eastern and northern
portions of the Central Area. Specifically, there are high levels of total cVOCs (5 ug/L to 480
ug/L) in the unconsolidated deposits and bedrock southwest of the Grace property. The areal
plots also indicate that there is a localized region of cVOCs contamination (14 ug/L to 274 ug/L)
in the unconsolidated deposits southeast of the Olympia property. Individual maps of the
distribution of PCE & TCE within the unconsolidated deposits and bedrock (Figures 4-3 and 4-4,

respectively) are included (GeoTrans & RETEC, 1994).

Benzene, Toluene, Ethylbenzene, Xylene

BTEX, along with other gasoline-related compounds, has been detected in groundwater above

MCLs in isolated locations. Benzene has been detected in groundwater samples from twenty
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wells in the Central Area, eight of which have concentrations greater than the MCL of 5 ug/L.
Benzene is present at concentrations ranging from 18 ug/L to 55 ug/L and is distributed in

isolated locations through the Central Area (GeoTrans & RETEC, 1994).

4.2.2 Semi-Volatile Organic Compounds

Polynuclear Aromatic Hydrocarbons (PAHs)

Fifteen PAHs have been detected in groundwater samples from the Wells G & H Site (See Table
4-1). Naphthalene is the PAH that has been detected mogt often, the most widespread, and has
been found at the highest concentrations. The water quality data collected during the Phase 1A
investigation indicate several possible naphthalene sources of contamination. The naphthalene
contamination ranges from § ug/L to 7.7 ug/L with the exception of well S75 that has a
concentration of 1,244 ug/L. Samples collected in 1990 indicate the presence of naphthalene on
the Olympia property (GeoTrans & RETEC, 1994). In addition, the Phase 1A states that data
from well cluster S75 indicate that naphthalene may be flowing into the Site from north of Route
128 where naphthalene contamination has been previously reported (GeoTrans & RETEC,

1994). - o

Additional Semi-Volatile Organic Compounds

In addition to the PAHs, several other SVOCs were detected in the groundwater at low
concentrations. Specifically, phthalate compounds were detected. These compounds are used as
plasticizers in the production of polyvinyl chloride (PVC) and other plastics. The concentrations

of phthalates were inconsistent between sampling events (GeoTrans & RETEC, 1994).
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4.2.3 Inorganic Compounds

Arsenic, Chromium, and Lead

Investigations have shown the ubiquitous presence of arsenic, chromium, and lead in the Central
Area groundwater. Arsenic is pervasive in much of the Aberjona River Watershed. Research
conducted by MIT has indicated that arsenic and chromium have been transported in surface and
groundwater throughout the Aberjona watershed from industrial areas north of the Site. The
arsenic, chromium, and lead contamination is present throughout the Central Area but there are

no clear patterns to the distribution (GeoTrans & RETEC, 1994).

Nitrate, Sodium, and Chloride

The water quality data collected during the Phase 1A shows that the Central Area groundwater
are also contaminated with inorganics, such as nitrate, sodium, and chloride. Historically, nitrate
has been a contaminant of concern with respect to the Central Area. Elevated concentrations of
nitrate have been detected in the G & H supply wells. Areas of significantly elevated sodium
include the northeast portion of the Site and an area between Olympia and Rt. 128. Chloride

concentrations are elevated throughout the Central Area (GeoTrans & RETEC, 1994).

4.3 IDENTIFICATION OF AREAS/VOLUMES TO BE REMEDIATED

The primary remedial objective for this Site is to “restore the aquifer that supplied water to Wells
G & H to drinking water standards,” (USEPA, 1989, p. 16). However, the zone of contribution
for wells G & H is quite large and extends beyond the Site boundary (Myette et al., 1987).

Figure 4-5 shows the Site boundary as it relates to the entire river watershed upstream of Salem
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Street. It is assumed that the limits of the groundwater aquifer are consistent with those of the

watershed (Myette, et al., 1987).

Figure 4-5 also shows that there are many MADEP-listed waste sites located within the
watershed, with most of them being outside of the Site boundary (GeoTrans & RETEC, 1994).
Per MADEDP, remedial actions that are consistent with the current groundwater (GW)
classification will be required at these other MADEP-listed sites. If these other sites are
considered to be within the zone of contribution of wells G & H (i.e., Zone 2 classification)

remediation to MCLs and GW-1 standards will be required (Naparstek, 1999).

Since the Site is located at the downgradient portion of the aquifer, it would be best to locate
treatment system components so that they collect groundwater at strategic downgradient
locations before the groundwater discharges to the surface water (but not so close such that the
River water is being drawn into the treatment system). Optimally, these components would be
located in areas where contaminant levels exceed the Site’s cleanup standards, in order to

minimize the drawing of contaminants over “clean’ areas.

Based upon this logic, the following approach was used to develop the groundwater remediation
area for the Central Area.
- Starting with the Site Boundary shown on Figure 1-2:
| 1. Exclude the Source Area Properties (OU 1).
2. Exclude areas where groundwater is being effectively captured by Source Area

remediation systems. From review of the Unifirst Capture Report (The Johnson
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Company, 1996), there is some uncertainty as to whether extraction well UC 22 is
capturing all of the groundwater within the capture area depicted on Figure 2-2.
Specifically, it is questionable whether contaminated groundwater from the deep
Aberjona Valley Aquifer? is consistently being captured.

3. Exclude areas where the contamination levels in the groundwater are lower than the
cleanup levels.

4. Exclude the Southwest Properties. Even though the Southwest Properties are
technically within the Central Area, they were not included in the scope of this
evaluation because, as noted earlier, groundwater contamination from the Southwest
Properties cannot reach wells G and H since there is a line of stagnation between the

two areas.

Monitoring wells in which the most recent sampling event contained groundwater exceeding the
cleanup standards in the unconsolidated deposits and bedrock are listed on Tables 4-6 and 4-7,
respectively. The list of wells has been broken up into five geographic areas: North of Olympia
Avenue, the Unifirst Capture Zone, the Southwest Properties, the Aberjona Velley Aquifer (not

encompassed within the other geographic areas), and other portions of the Central Area.

Figure 4-6, shows the wells which exceed the cleanup standards and depicts each of the key Site
features with the remaining, cross-hatched area representing the Central Area remediation area.

The remediation area is the area bounded by the Aberjona Valley to the east, the Site boundary of

7 Areas with thick and permeable saturated deposits as mapped by Delaney & Gay, 1980, (GeoTrans & RETEC,
1992).
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Salem Street to the south, the Southwest Properties and the Wildwood and Olympia properties to
the west, and Olympia Avenue to the north. This area comprises an area of approximately 46
acres and is hereafter referred to as the Central Area Corridor. The total volume of groundwater
in the Central Area Corridor to be remediated is approximately 370 million gallons: 340 million
gallons in the unconfined deposits and 30 million gallons in the shallow bedrock. See Appendix
C for remediation area/volume calculations. A cross-section of the Central Area Corridor is

presented in Figure 4-7.

From Tables 4-4 and 4-5, one will note that there are three groundwater monitoring wells (UGS
and K42 in the unconsolidated deposits and UC14 in the bedrock) located on the north side of
Olympia Avenue within the Central Area where cVOCs exceeded the groundwater cleanup
levels. These wells were not included in the remediation area since they are believed to be
isolated areas. The groundwater in these isolated areas could be remediated by simply installing
extraction wells at each of these locations, and pumping the water to the existing Unifirst
treatment system. A simplified approach is considered reasonable for these isolated areas for the
following reasons:
1. The volume of contaminated groundwater from these isolated areas is only a fraction
(less than 3 percent) of the volume contained within the Central Area Corridor.
Therefore, the Capstone Group focused their efforts on the Central Area Corridor.
2. The Unifirst groundwater treatment system has sufficient capacity to accommodate

flows from additional extraction wells located downgradient from the Unifirst

property.
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Table 4-4 Monitoring Wells with cVOCs in the Groundwater above MCLs in the Central Area

( Unconsolidate Deposits, Broken out by Geographic Area
- PRIMARY SITE CONTAMINANTS (ug/)
WELL #| Date jChloroform| 1,1 1,2 1,1 | PCE |TCE | VC | 12DCE | 1,1,1 Total
DCA | DCA |{DCE total TCA | Solvents |
- MCL 5a 708 | 5 7 5 5 | 2 70 200 i
North of Olympia Avenue
K42 7/26/93 4U 2 4U 4U 540 17 4U 2 4U 561
UGS 3/30/93 SU 15 5U 4 20 41 1 24 SU 85
Unifirst Capture Zone
DP6 ..'8/9/93 150 05U | 0.5U [0.5U 7 7 0.3 8 0.6 1729
DP7 8/9/93 0.2 0.5U | 0.5U |0.5U 7 3 0.5U 1 0.6 118
DP24 4/6/93 0.5U 0.5U | 05U |05U] 14 7 0.5U 0.4 3 244
K50 7/23/93 2 0.6 0.5U 2 0.4 8 0.5U 0.5 1 145
K55 9/9/93 1U 1U 1U 1U 26 1 1U 1U 3 30
K60 10/19/93 0.3 0.5U | 0.5U [05U)] 18 0.9 | 0.5U 0.5U 2 21.2
h K61 10/20/93 10U 10U 10U 9 400 23 10U 9 45 486
z K62 10/19/93 20 20 | 2U | 2 | 120 | 11 | 2U 4 13 150
K63 10/18/93 1U 1U 1U 1U 90 13 1U 1 10 114
m S64 * 8/11/93 0.5U 0.5U | 05U 05U} 32 10 | 0.5U 4 0.9 46.9
z S67 4/23/97 1U 10U 1U 1U 1U 93 1U 10 1U 93
S&1 * 4/22/98 1U 1U 1U 1U 19 1U 10 1U 0.8 19.8
:, S82 * 5/29/91 sU sU su {sul 210 | 26 | 10U 12 SU 248
Southwest Properties
u AB2 9/1993 2U 2U 20U 2U |121.2JD§ 363 2U <2U <500D 384.2
O BW16 9/1993 2U 2U 2U 2U 0.6] (107D 2U 7.6 12 1272
MR2 9/1993 2U 2U 2U 2U | <10U |22.6D| 2U 461D | <100D 484
n S77 9/22/92 50 SU | 5U | SU| 23 | 16 | 2U | NA 50 18
Aberjona Valley Aquifer
m DP1 12/17/91 5U 5U 5U 5U 68 5 10U 3 12 88
S39 (H) | 8/26/91 1U 0.8 1U 1U 9 10 5U 2 1U 21.8
> S40 (G) | 8/21/91 0.5U 0.5U | 05U [05Uf 33 60 5U 14 0.6 107.6
[ S68 8/21/91 2 2U 20 |20 ] s0 | 37 | 10U 17 1 107
S84 8/20/91 1U 1U 1u 1U 16 16 5U 6 0.3 383
: S85 9/2/93 5 2U 2U 2U 220 32 2U 2U 20 257
u S87 8/23/91 5U sU SU 5U 150 45 SU 23 11 229
S89 8/26/91 1U 0.9 1U 10U 2 15 0.4 0.7 b 21
“ S90 8/22/91 4 SU | U [SU| 77 | 46 | 10U | 24 2 153
< S91 9/1/93 1U 1U 1U 10 70 32 5U 16 3 121
S93 8/27/91 1u 0.7 1U 1U 2 24 SU 2 1U 28.7
S94 8/20/91 1U 10 1U 10U 21 21 5U 9 0.6 51.6
{ UG2 8/26/91 1U 1U 1U 10U 5 9 50 13 1 28
n UG4 8/22/91 1U 1U 10 1U 22 29 SU 1U 1U 51
Other Portions of the Central Area
11 S6s | 8693 § 02 Josu[osufosujosul| 17 Jo8 | S5U | 3 [ 21
* = MADEP GW1 standard
m' * Also within the Aberjona Valley Aquifer

Notes:
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- All values are from RI Phase 1A Report (GeoTrans & RETEC, 1994) and the RD/RA Year 6 Annual Report for

the Unifirst Site (Handex, 1998).

- Values shown in Bold are greater than or equal to MCLs.

- Total solvents calculated using detected values only (including estimated (J) and diluted (D) samples)

- See Table 4-2 for definition of Abbreviations and Symbols.

Table 4-5 Monitoring Wells with cVOCs in the Groundwater above MCLs in the Central Area
Bedrock, Broken out by Geographic Area

PRIMARY SITE CONTAMINANTS (ug/l)

WELL #| DATE | Chloroform| 1,1 1,2 1,1 | PCE | TCE | VC |12DCE| 1,1,1 Total

DCA | DCA | DCE total TCA Solvents
MCL 54 704 5 7 5 5 2 70 200
North of Olympia Avenue
UCi4 [42298) 1w | 10 | 2 Jw | 1 [ nnf2au] 1w | 1w [ 14
Unifirst Capture Zone
DP6 8/9/93 0.3 0.5U | 05U | 05U 11 6 |0.5U 4 0.6 21.9
DP24 8/6/93 0.5U 03 |05U0 05U | 0.2 11 |0.5U 3 0.5U 14.5
GO1 4/22/98 U 1U 1U 1U 30 2 1U 1U 1U 32
K55 7/26/93 1U 1U 1U 8 260 44 1U 11 37 360
K56 7/26/93 0.5U 0.5U | 0.5U | 0.5U 1 5 |0s5Uj 0.5) 0.6 6.6
K60 10/19/93 0.5U 1 05U | 0.5U | 26 0.8 [0.5U 0.5 0.9 29.2
K61 10/20/93 0.5U 06 |05U| 03 32 5 |0.5U 5 2 44.9
K62 10/19/93 0.5U 0.5UJ |0.5UF 105U 11 2 |0.5U) 3 0.5 16.5
K63 10/18/93 1uJ 05 | 1UJ} 09 82 14 | 1U) 3 5 104.9
K64 10/20/93 1/0/00 0.5U | 05U} 02 29 6 |0.5U 1 1 375
S22 8/9/93 0.5U 0.5U [ 05U | 0.2 15 19 |0.5U} 24.2 2 60.4
S63 11/9/93 ND ND ND | ND | 66 | ND { ND ND ND 6.6
S64 * 8/11/93 1 2 0.5U 1 250 | 100 2 53 2 411
S67 4/23/97 1J 1U 1U U | 0.6 22 |1 2U 2U 0.5 23.1
S81 * 4/21/98 1U 1U 1U 1U | 190 5 2U 1U 1U 195
Southwest Properties
AB2 9/1993 2U 2U 2U 2U (20.7D| 144D | 2U | <20UD | <20UD 164.7
BW16 9/1993 2U 2U 2U 2U | 10U | 41D | 2U <10 <10U 41
S77 9/1993 100U 100U | 100U | 100U | 25DJ | 403D |100U| NA 100U 428
Aberjona Valley Aquifer
S97 | 972/93 | 1U [ WwTwfliw]oe |42 ]iw] 22 ] 1 | 164
Other Portions of the Central Area .
S65 8/11/93 2U 2 2U 20 | 200 42 | 2U 13 1] 257
S66 9/20/93 0.5U 0.5U | 05U | 05U | 29 3 |0.5U 0.6 0.5U 32.6

*= MADEP GW1 standard

* Also within the Aberjona Valley Aquifer

Notes:

- All values are from RI Phase 1A Report (GeoTrans & RETEC, 1994) and the RD/RA Year 6 Annual Report for
the Unifirst Site (Handex, 1998).
- Values shown in Bold are greater than or equal to MCLs.

- Total solvents calculated using detected values only (including estimated (J) and diluted (D) samples)

- See Table 4-2 for definition of Abbreviations and Symbols.
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5. EVALUATION OF PHASE 1A REPORT AND CONSENT DECREE
REQUIREMENTS

5.1 PURPOSE FOR THIS EVALUATION
The Remedial Investigation Phase 1A Report represents the first phase of a multi-phase
approach, established in the CD, for the Central Area Characterization (the Central Area RI/FS).
The CD identified four primary objectives for the Central Area RI/FS.
1. Define the nature and extent of contamination in the Central Area.
2. Refine the present understanding of the interaction of the Aberjona River and the
aquifer systems within the Central Area.
3. Evaluate the impact of pumping groundwater within the Central Area on the Aberjona
River and associated wetlands by analyzing the USGS pumping test and integrating
the results of . . . any additional pumping tests.
4. Identify and evaluate the effectiveness of various established and innovative remedial
technologies (e.g., pump & treat and in-situ bioremediation).
From MADEP’s comments on the Phase 1A Report (see Appendix B) it would appear that the
fourth objective was not adequately addressed by the PRPs responsible for this report — Beatrice,

Unifirst and Grace (BUG).

The Capstone Group has evaluated BUG’s RI/FS Work Plan (GeoTrans, et al., 1992) and their
Phase 1A Report (GeoTrans & RETEC, 1994) to determine whether the specific objectives and
requirements established in the CD for these two documents have been completed. The specific

focus of this evaluation is on those requirements related to remedial alternatives.
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5.2 RI/FS WORK PLAN
5.2.1 Work Plan Requirements

As part of BUG’s scoping effort for the RI/FS, the CD requires that an RI/FS Work Plan be
submitted which includes a section on “Data Requirements of Potential Remedial Alternatives
and Technologies” (USEPA, 1991, p. 41 of Attachment 2). Specific items that were to be
addressed in this section of the Work Plan included:

® Identification of potential remedial action objectives for each contaminated medium and
identification of a preliminary range of remedial action alternatives with associated
technologies. The range of alternatives to be considered included ones that significantly
reduce the toxicity, mobility, or volume of waste as a principal element; one or more
alternatives that involve containment with little or no treatment; and a no-action
alternative.

® Identification of all potential remedies that may be useful in remediating the affected
media.

® Identification of the various technologies, showing the critical data needed to evaluate
such technologies and assess the performance of the technologies grouped into
alternatives. This information was to be presented using charts, in which the remedial
technologies and associated data requirements would be linked to the applicable section
of the Work Plan.

(USEPA, 1991, pp. 59-60 of Attachment 2)

It was USEPA’s and MADEP’s intent that early identification of potential technologies would
help ensure that any data needed to evaluate the technologies or alternatives would be collected
as part of the RI Phase 1A Field Investigation Phase. Additional data could also be collected

during Phases 1B and 2 of the RI as necessary to further support the FS work.

5.2.2 BUG’s Work Plan Submittal

BUG’s Work Plan does not include a section that meets the CD requirements identified above.

BUG deferred development of remedial response objectives and screening of remedial
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technologies and alternatives until the Phase 1A data collection effort had been completed. Thus,

no technology-related data were obtained either.

A general evaluation of remedy types (e.g., source control and management of migration)s was
performed for the Southwest Properties. However, the data requirements identified for these
remedy types were also very general in nature (e.g., “identify the areal extent of the source,” and

“confirm the direction of groundwater flow”) (GeoTrans, et al., 1992).

For the Central Aquifer portion of the Central Area, no evaluation was performed of potential
technologies and associated data requirements. BUG state that, “Within the Central Aquifer, the
past data acquisition and current Remedial Design/Remedial Action (RD/RA) investigations and
pre-work plan investigations provide an extensive database that obviates the need for additional

frequent sampling,” (GeoTrans, et al., 1992, p. 80).

Mr. Jeffrey Lawson, a consultant to Unifirst who contributed to both the RI/FS Work Plan and
Phase 1A Report, stated that their chuEﬁ for the Work Plan “was on laying the groundwork for
technicall impracticability,” (Lawson, 1999). In response to a question as to whether sufficient
technology-related data had been collected prior to the Phase 1A, Mr. Lawson stated that he felt
that there was enough historical data in the Central Aquifer Area to assess the more standard

mechanical treatment processes (such as pump & treat), but that other types of technology-

8 Source control refers to the elimination or significant reduction of contaminants so that they no longer present an
unacceptable health risk at their present location or if they migrate. Management of migration refers to the
prevention of contaminants from migrating away from a source (GeoTrans, et al., 1992).
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related data, such as data to determine the extent of biodegradation occurring at the site, were not

available in the historical record (Lawson, 1999).

5.3 RIPHASE 1A

The goal of the RI Phase 1A Field Investigations (also referred to as “Initial Central Area
Characterization”), as specified in the CD, was to “collect all data which can reasonably be
assumed to be necessary for the RUFS,” (USEPA, 1991, p. 62 of Attachment 2). Furthermore,
“the Central Area Characterization shall provide information sufficient to refine the preliminary
identification of potentially feasible remedial technologies,” (USEPA, 1991, p. 64 of Attachment

2).

A list of the treatment-related items that BUG were required to characterize and/or describe as

part of the Phase 1A is presented in Table 5-1. Also in Table 5-1 is the Capstone Group’s

assessment of whether or not these items were adequately addressed in the Phase 1A Report.

Table 5-1 Evaluation of Phase 1A Work Against the Requirements of the CD

Requirements from the CD for the Phase 1A Capstone Group’s Assessment of BUG’s Phase
[page # from Attachment 2 and item # 1A Report with respect to the CD Requirements
reference]

Describe the waste characteristics that affect the Not done. A large quantity of data is available on
type of treatment possible (e.g., BTU values, pH, the characteristics of the primary site contaminants
BOD) [p. 63, item #12]. as well as on other non-VOC contaminants, such as

nitrates, chlorides, and metals which all can impact
water quality. However, an evaluation of the waste
characteristics as to how they would affect
treatment approaches (e.g., a complete list of
natural attenuation parameters) was not done.
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Requirements from the CD for the Phase 1A
[page # from Attachment 2 and item #
reference]

Capstone Group’s Assessment of BUG’s Phase
1A Report with respect to the CD Requirements

Describe the general characteristics of the waste(s),
including quantities, state, concentration,
persistence, and mobility [p. 63, item #15].

Reasonably well done. Most of the information for
the types of contaminants and their general
characteristics (e.g., volatile organics, inorganics)
has been collected in the Phase 1A Report.
However, little information has been presented on
the mobility of the site contaminants.

Describe other factors that pertain to the
characterization of the Central Area or support the
analysis of potential remedial action alternatives {p.
64, item #16].

Incomplete. A large quantity of data and much
information has been gathered on the presence of
other sources of contamination (e.g., identifying
MADEP-listed sites) in the Central Area, and the
impracticability of groundwater restoration (e.g.,
multiple contaminants exceeding MCLs). This
information has been presented to support an
argument that it is technically impracticable to
remediate the aquifer (i.e., the ‘no action’
alternative), but no data has been presented to
support analysis of specific technologies or
alternatives. (See Section 6 of this Report for
examples of the type of data needed for this
analysis.)

Perform subsurface and hydrogeological
investigations sufficient to quantitatively estimate
the number of years necessary to achieve cleanup
goals for groundwater extraction and treatment by
remedial alternatives [p. 65, item #1].

Not done, not even for the remedial action
alternatives discussed in the Phase 1A Report (i.e.,
no action and pump & treat). Use of groundwater
models and/or evaluations comparable to those
performed in Section 7 of this Report are needed.

Perform subsurface and hydrogeological
investigations sufficient to evaluate appropriate
physical and chemical waste characteristics that
may affect the possible type of treatment, and
organize in a chart the information for each
detected compound [p. 66, item #10].

Some data have been compiled that could be used
to help evaluate a remedial technology (e.g., pH
and temperature values would affect an evaluation
of some ex-situ treatment technologies). However,
these data are not comprehensive, nor has it been
presented in a format (i.e., a chart) consistent with
the requirements of the CD.

5.4 FINDINGS — CONTENT OF PHASE 1A VS. CD REQUIREMENTS

The Phase 1A Report does not include an evaluation of potential remedial technologies and

alternatives that could be used at the Central Area as required by the CD. Instead, BUG’s intent

was to defer any such evaluation for a later phase in the RI/FS process (GeoTrans, et al., 1992).

BUG’s expectation was that the Phase 1A Report would be sufficient to justify no further action
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at the Central Area. USEPA agreed to defer this work to a later phase in the RI/FS process so
that there would be additional time to evaluate the performance of the Source Area treatment
systems (Garren, 1999). Now that most of the Source Area treatment systems are operational,
the deferred RI/FS Work should be completed, particularly the work and evaluations associated
with the remedial technologies. These evaluations are necessary before a ‘no action’ alternative

can be considered as the only practical alternative for the Central Area.
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6. IDENTIFICATION, SCREENING, AND EVALUATION OF
TECHNOLOGIES

6.1 INTRODUCTION

In this section, remedial action technologies and process options are identified, screened in
accordance with the EPA RI/FS guidance, and assembled into alternatives. The screening of

remedial technologies is done in two steps.

In the first screening step, the potentially applicable technologies and process options that could
be used to remediate the Central Area aquifer at Wells G & H Site are selected. The technology
types and process options are examined with respect to their technical implementability at the
site, based on the physical and chemical characteristics of the contaminants and site specific
conditions. Technology types and process options that are not applicable to the remediation of

Site-contaminants are eliminated from further evaluation.

In the second screening step, the technology types and process options remaining after the first
screen step are then evaluated for effectiveness, implementability, and cost. The effectiveness,
implementability, and cost of each process option is evaluated with regard to the following
elements (USEPA, 1988a, p. 4-16):
® Effectiveness - The effectiveness evaluation focuses on (1) the potential effectiveness
of process options that would be applied to the estimated areas or volumes of the
Central Area aquifer in meeting the remediation goals, (2) potential impacts to lmaman

health and the environment during the construction and implementation phase, and
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(3) how proven and reliable the process is with respect to contaminants and site

condition.

Implementability - Technical implementability is used as an initial screen of

technology types and process options to eliminate those that are clearly ineffective or
unworkable at the site. This evaluation is done based on the constructive complexity
and technology availability, including the availability of necessary equipment and

skilled workers to implement the technology.

Cost - The cost evaluation in the screening of process options is conducted for
comparison reasons; thus, detailed cost estimation is not required. Relative capital
and operational and maintenance costs’ (O&M costs) are used rather than detailed
estimates. The cost analysis is made on the basis of engineering judgement, and each
process is evaluated as to whether costs are high, low, or medium relative to the other
process options in the same technology type.

After completing the screening process, the remaining components of the General Response
Actions are then recombined into alternativesio. Detailed analysis of alternatives is

conducted in a subsequent evaluation.

9 Operational and Maintenance cost is the cost to keep the system running after it is constructed. For a pump &
treat system it would include costs for utilities (heat, electricity, etc.), staffing, supplies, disposal, periodic
maintenance and repairs, and replacement parts. O&M costs are typically calculated on an annual basis.

10 Alternative refers to a complehensive combination of remeidal process options selected through the initial
screening processes. Alternatives will be evaluated by using 6 criteria of the CERCLA RI/FS guidance, 1989.
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6.2 DEVELOPMENT OF GENERAL RESPONSE ACTIONS
The following three steps were taken in order to develop General Response Actions: (1)
identifying media to be remediated, (2) developing Remedial Response Objectives, and (3)
identifying General Response Actions to remediate identified media.
1) Identifying media to be remediated:
Only groundwater is targeted as a medium.
2) Developing Remedial Response Objectives:
In the ROD, EPA established remedial objectives for all portions of the Site. These
remedial objectives (listed in Section 2.1.2) were not altered as part of the CD and
thus remain in effect. The remedial objectives from the ROD that specifically relate
to the groundwatf;r in the Central Area aquifer are:
#1 Restore ‘the aquifer that supplied water to Wells G and H to drinking water

standards.
#4  Prevent public contact with contaminated groundwater and soil above the

cleanup levels.
#5  Protect the natural resources in the area, such as the river and wetlands, from

becoming further degraded.
#6  Reduce further migration of contaminated groundwater off-site.

3) Identifying General Response Actions:

During the screening process, the technologies identified are divided into the six
general components of the General Response Actions as follows:

1. No Action

No specific action, including groundwater monitoring, will be taken.
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2. Limited Action

Natural attenuation is considered a Limited Action. Monitoring of groundwater
quality allows for the evaluation of the effects of natural attenuation and
biodegradation.

3. Institutional Controls

Institutional Controls is a category of technologies, regulatory, or actions (e.g.,
land use, water use restrictions) that restrict the use of groundwater. Extension of
the existing municipal well system and monitoring of contaminant migration
would be subject to Institutional Controls. Drinking water treatment (also known
as wellhead treatment) technologies, in which extracted groundwater is treated
before distributing to residents, are considered as Institutional Controls (Arthur D.
Little, Inc., 1993).

4. Containment

Containment technologies may or may not involve treatment, but reduce the
mobility of contaminants and the risk of direct exposure in order to protect human
health and the environment. Vertical and horizontal barriers are types of
containment technologies.

5.  Groundwater Collection

Groundwater collection is a category of technologies that extract groundwater
from sites. Construction of several types of wells, including shallow wells, deep
wells, and bedrock wells is considered an extraction process option. In addition,
interceptor trenches, which are backfilled with permeable material to collect

contaminated groundwater, are classified under this category.
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6. Treatment

In order to reduce the volume and/or toxicity of contaminants in groundwater,
four remedial technologies are generally employed: in-situ biological treatment,
in-situ physical/chemical treatment, ex-situ biological treatment, and ex-situ
physical/chemi‘cal treatment. In-situ treatment is a treatment that does not employ
groundwater extraction during a remediation process, while ex-situ treatment is a
treatment that deals with extracted groundwater. Biological treatment is a
treatment that uses microorganisms to degrade inorganic or organic contaminants
in groundwater; chemical or physical treatment takes advantage of the chemical or
physical properties of contaminants in order to reduce the toxicity and volume of
contaminants in groundwater.

7.  Discharge

Extracted groundwater may be discharged to the Aberjona river either onsite or
offsite. Extracted groundwater may also be discharged by injection back into the
aquifer. Discharge actions prevent exposure and reduce mobility, yet will not
reduce the volume or toxicity of contaminants (GZA, 1991), unless combined

with treatment first.

6.3 IDENTIFICATION OF REMEDIATION TECHNOLOGIES AND PROCESS
OPTIONS

Available groundwater remedial technologies and their process options are summarized in Table

6-1. In addition, Table 6-2 presents a matrix that shows a brief description of each process

option and limitation of each remediation technology.



Table 6-1 General Response Actions, Technology Types and Process Options

General Response Actions

Technology Types

Process Options

No Action

None

Not applicable

Limited Action

Natural attenuation

Natural attenuation

Institutional Control

Access restrictions

Deed restrictions

Alternative water supply City water supply
Drinking water treatment Wellhead treatment
Containment Vertical barriers Sheet barriers
Slurry wall
Grout Curtain
Vibrating beam
Horizontal barriers Block displacement
Pump & Treat
Groundwater Collection Extraction Shallow wells
Deep/bedrock wells
Well points
Horizontal wells
Surface drains Interceptor trenches

Treatment

In-situ biological treatment

Enhanced aerobic bioremediation

Anaerobic bioremediation

Phytoremediation

In-situ physical/chemical treatment

In well air stripping

Air sparging

Bioslurping

In-situ chemical oxidation

Dual phase extraction

Fluid/vapor extraction

Enhanced flushing

Hydrofracturing

Passive/reactive treatment walls

Ex-situ biological treatment

Bioreactor

Ex-situ physical/chemical treatment

Adsorption/absorption

Air stripping

Granulated activated carbon

Ion exchange

Precipitation/coagulation/
flocculation

Separation/Filtration

Sprinkler irrigation

UV oxidation

Discharge

On-site discharge

Local stream or river

Subsurface recharge

Groundwater injection

Off-site discharge

POTW

US EPA ARCHIVE DOCUMENT
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Table 6-2 Process Options and their Description and Limitation

General Process Description Limitation References
Response Options ' .
Actions
No Action Not No action Required for consideration by the | 1,2
applicable National Contingency Plan.
Limited Natural Natural subsurface Intermediate degradation products | 1
Action attenuation processes are allowed to may be more mobile and more
reduce contaminant toxic than the original
concentrations to acceptable | contaminant.
levels. Contaminants may migrate before
they are degraded.
Institutional Deed Restrict use of groundwater | Does not reduce toxicity, mobility | 1,2
Controls restrictions at the site by imposing deed | or volume of contaminants.
restrictions on all properties | Effectiveness contingent upon
overlying the Site. continued future enforcement of
the restrictions.
City water Continued use of water Does not reduce toxicity, mobility, | 1,2
supply from city wells and/or and volume of contaminants. Site
MWRA to replace supply groundwater not being put to
from the Site optional beneficial use.
Wellhead Remediation of Defers action at the site. Only
treatment contaminants in portions of the aquifer that are
groundwater to MCLs if directly influenced by pumping
groundwater is again used will be remediated.
as a drinking water supply.
Containment | Sheet Interlocked steel piles It is not applicable for a site where | 1
barriers assembled and driven bedrock is deep and highly
directly into the ground to fractured or weathered.
provide a barrier to
groundwater flow.
Slurry wall Trench around areas of It is not applicable for a site where | 1
contamination and fill with | bedrock is deep and highly
soil bentonite slurry. fractured or weathered.
Grout Grout curtains are It is not applicable for a site where { 3
curtain functionally similar to bedrock is deep and highly
slurry walls except that fractured or weathered.

instead of excavating a
trench and filling it with a
low permeability slurry,
grouting materials would be
injected into the ground
under pressure at regular
intervals to form a wall.

* See a list of references sited at the bottom of Table 6-2.




-
<
L
=
-
O
O
Q
L
>
—
- -
o
[0 4
<
=
o
L
2
=

General Process Description Limitation References
Response Options
Actions
Containment | Vibrating Vibrating force to advance | It is not applicable to a site where | 3
(Cont.) beam beams into ground with bedrock is deep and highly
injection of slurry as beam | fractured or weathered.
is withdrawn.

Block In conjunction with vertical | It is not applicable to a site where | 3

displace- barriers, injection of slurry | bedrock is deep and highly

ment in notched injection holes. fractured or weathered, and/or

where DNAPLs exist.
Pump & Pump & treat It is not applicable to 2
Treat contaminants with high residual
saturation, high sorption
capabilities, and homogeneous
aquifer with hydraulic
conductivity less than 10E-05
cm/sec.
Collection Shallow Series of wells to extract It is not applicable to 2
wells contaminated groundwater | contaminants with high residual
saturation, high sorption
capabilities, and homogeneous
aquifer with hydraulic
conductivity less than 10E-05
cny/sec.

Deep/ Series of wells to extract It is not applicable to 2

bedrock contaminated groundwater | contaminants with high residual

wells saturation, high sorption

capabilities, and homogeneous
aquifer with hydraulic
conductivity less than 10E-05
cmy/sec.

Well points Series of small wells to It is not applicable to 2
extract contaminated contaminants with high residual
groundwater at low volume. | saturation, high sorption

capabilities, and homogeneous
aquifer with hydraulic
conductivity less than 10E-05
cm/sec.

Horizontal Drilling technologies are The potential exists for the wells 1,3

wells used to position wells to collapse.

horizontally, or at an angle,
to reach contaminants not
accessible by direct vertical
drilling. Usually horizontal
wells are instalied in

shallow groundwater zones.

Currently, the technology is

limited to depths of less than 50ft.
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General Process Description Limitation References

Response Options

Actions

Collection Interceptor Perforated pipe in trenches | Depth to which technology is 1

(Cont.) trenches backfilled with porous effective is limited to vertical

media to passively collect limits of trenching equipment.
contaminated groundwater. | Most effective at sites with
shallow bedrock.

Treatment Enhanced Oxygen and nutrients are Where the subsurface is 3
aerobic bio injected into the heterogeneous, it is hard to
remediation | groundwater to enhance circulate oxygen or hydrogen

biological reaction to peroxide throughout every portion
reduce toxicity, volume and | of the contaminated zone.
concentration of PCE and TCA cannot be degraded
contaminants in aerobically. Limited effectiveness
groundwater. for other chlorinated compounds.
Anaerobic Bioreactors containing Difficult to evenly distribute 4
bio- microorganisms are used to | electron acceptors in
remediation | biodegrade organic heterogeneous subsurface.
contaminants in a Process by which chlorinated
groundwater to harmless compounds are degraded is slow.
byproduct under anaerobic
conditions.
Phyto- Phytoremediation is a set of | It is limited to shallow 1
remediation | processes that uses plants to | groundwater.
remove, transfer, stabilize It can transfer contamination
and destroy across media.
organic/inorganic Climate may interfere or inhibit
contamination in plant growth.
groundwater.
In-well air Creation of groundwater Chemical precipitates may form 5
stripping circulation cell through during air stripping and may clog
injection of air into a zone the well screens, which limits
of contaminated groundwater circulation.
groundwater through center | If air-stripping wells are not
of double cased stripping properly designed, the plume may
well, which is designed be spread beyond the radius of
with upper and lower influence of the stripping well.
double screened intervals.
Groundwater is recirculated
through the stripping well
until remediation goals are
met.
Alir sparging | Air is injected through a Air flow through the saturated 1,5
contaminated aquifer in zone may not be uniform.
order to help to volatilize Depth of contaminants and

the contaminants up into the
unsaturated zone. A vapor
extraction system is usually
implemented in conjunction
with air sparging to remove
the generated vapor phase
contamination.

specific site geology, such as
vadose zone gas permeability,
must be considered.




General Process Description Limitation References
Response Options
Actions
Treatment Bioslurping | Combination of the two Bioslurping is used for free- 1
(Cont.) remedial approaches of product remediation.
bioventing and vacuum- Bioslurping is applicable at sites
enhanced free-product with a deep groundwater table
recovery. (>30ft).
Less effective in tight soils.
Low temperature slow
remediation.
In-situ In situ chemical oxidation is | Chemical concentration of 6,7,8
chemical based on the delivery of oxidants added to groundwater
oxidation chemical oxidants to must be in compliance with
contaminated media in applicable state and federal
order to destroy the standards or captured shortly after
contaminants by converting | introduction into the aquifer.
them to innocuous Difficult to evenly distribute
compounds commonly oxidants in heterogeneous
found in nature. Hydrogen | subsurface.
peroxide, potassium
pcrmanganate, ozone, or
dissolved oxygen can be
used as oxidants for this
technology.
Dual phase High vacuum system is It is not recommended for lower 1
extraction applied to simultaneously permeability formations due to the
remove various potential to leave isolated lenses
combinations of of undissolved preduct in the
contaminated groundwater. | formation.
Dual phase extraction is not
effective to collect DNAPLs.
Fluid/Vapor | High vacuum system is Generally used in the vadose zone
extraction applied to simultaneously with hydraulic conductivity range
remove various of 10E-08 to 10E-03 cm/sec.
-combinations of
contaminated groundwater.
Enhanced Steam, hot water, or VOCs can be treated but less cost 1
flushing surfactants are forced into effective than other processes.
system an aquifer through injection | Soil type, contaminant

wells to vaporize volatile
and semivolatile
contaminants, or increase
their solubility

characteristics and concentration
will significantly impact process
effectiveness.
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General Process Description Limitation References
Response Options
Actions
Treatment Hydro- Pressurized water is The technology should not usedin | !
(Cont.) fracturing injected through wells and | bedrock sensitive to seismic
cracks the low permeability | activity.
and over-consolidated The potential exists to open new
sediments. Cracks are filled | pathways leading to the unwanted
with porous media that spread of contaminants.
serve as substrates for Fractures are anticipated to
bioremediation or to collapse due to over burden
improve pumping pressure.
efficiency.

Passive/ A permeable reaction wall | Passive treatment wall 1

reactive is installed across the flow | permeability may decrease due to

treatment path of a contaminant precipitation of metal salts.

walls plume, allowing the water Limited to a subsurface lithology
portion of the plume to that is within the vertical limits of
passively move though the | trenching equipment.
wall.

Bioreactor Contaminants in extracted Nutrition may need to be added.
groundwater are put into Air pollution control may need to
contact with be applied.
microorganisms in attached | Adequate temperature is
or suspended growth necessary.
biological reactors.

Adsorption/ | In liquid adsorption, solutes | Water-soluble compounds and

absorption concentrate at the surface of | small molecules are not adsorbed
sorbent, thereby reducing well.
their concentration in the Not applicable to sites having high
bulk liquid phase. levels of oily substances.

Not practical where the content of
the absorbable hazardous
substances is high. Limited
effectiveness for vinyl chloride.

Air Volatile organics are The potential exists for inorganic 1,2

stripping/ partitioned from extracted or biological fouling of the

steam groundwater by increasing | equipment if concentration of iron

stripping the surface area of the is greater than 5 ppm and hardness
contaminated water of water is greater than 800 ppm.
exposed to air. KH need to be less than 0.01 atm

cbm/mol.

Granulated Extracted groundwater is Stream with high suspended solids | 1, 2

activated pumped through a series of | (>50mg/L) and oil and grease

carbon canisters or columns (>10 mg/L) may cause fouling of

containing activated carbon
to which dissolved organic
contaminants adsorb.

the carbon.

Water-soluble compounds (such
as vinyl chloride) and small
molecules are not adsorbed well.
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General Process Description Limitation References
Response Options
Actions
Treatment Ion Ion exchange removes ions | Oil and grease in the groundwater | 1, 2
(Cont.) exchange from the aqueous phase by | may clog the exchange resin.
exchange with counter ions | Suspended soils content need to be
on the exchange medium. less than 10 ppm.
Oxidants in groundwater may
, damage the ion exchange resin.
Precipitation/ | This process transforms The presence of multiple metal 1,2
coagulation/ | dissolved contaminants into | species may lead to removal
flocculation an insoluble solid, difficulties as a result of
facilitating the amphoteric natures of different
contaminant’s subsequent compounds.
removal from the liquid Process may generate toxic
phase by sedimentation or sludge.
filtration. Metals held in solution by
complexing agents (e.g., cyanide)
are difficult to precipitate.
Separation/ | Separation/Filtration The presence of oil and grease
Filtration techniques remove contaminants may interfere with
suspended solids and these processes by decreasing flow
concentrate contaminated rate.
wastewater through
physical and chemical
means.
Sprinkler A process that involves the | Metal contaminated wastewater I
irrigation pressurized distribution of | cannot be treated.
volatile organic compound | Performance may be affected by
laden water through a temperature.
standard sprinkler irrigation
system.
UV/Chemical | When catalyzed by Heavy metal ions need to be less 1,2
oxidation ultraviolet light, a strong than 10 mg/L.
oxidant, such as hydrogen Some volatile compounds, such as
peroxide, or ozone, reforms | TCA may be volatilized, rather
into hydroxyl radicals than destroyed.
(strong oxidizer) which
oxidize the organic
contaminants in the
groundwater to CO2 and
water.
Discharge Local stream | Treated groundwater is Treated groundwater needs to 2
or river discharged to local stream | meet discharge standards for
or river. surface water
Groundwater | Treated groundwater is Injection will not be used for 2,3
reinjection reinjected to aquifer via hazardous waste disposal in any

upgradient or deep bedrock
wells.

areas where seismic activity could
potentially occur.

US EPA ARCHIVE DOCUMENT
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General Process Description Limitation References
c Response Options
Actions
Discharge Subsurface Treated groundwater is Areas required for discharge is 2,3
- (Cont.) Recharge recharged by spraying, proportional to volume of water.
trenching or seepage Not effective for soils with low
ditches. permeability.
- Publicty Treated groundwater is Some POTWs do not accept 2,3
Owned discharged to local POTW | wastewater from treatment
Treatment for final treatment. facilities. Potential adverse
Works impact on area hydrology.
(POTW)

List of References for Table 6-2

1. Federal Remediation Technologies Roundtable, Remediation Technologies Screening Matrix and Reference
Guide, 3" Edition, Prepared by the DOD Environmental Technology Transfer Committee, October 1997.

2. EBASCO Service Inc., Draft Final Feasibility Study Report, Wells G & H Site, Woburn Massachusetts, January
1989, Table 2-2.

3. RoyF. Weston, Inc., Draft Final Feasibility Study, Atlas Tack Corporation Superfund Site, Fairhaven,
Massachusetts, July 1998.

4. GZA GeoEnvironment Inc., Final Draft Feasibility Study, Silresim Site RUFS, Lowell, Massachusetts, Vol. 1,

June 1991, File No. 4054.19, Table 5-4.

GWRTAC, 1999, http.//www.gwrtac.org.html/techs.htm

EPA 542-R-98-008, http://www.epa.gov/swertiol

EPA 542 R-96-001

Massachusetts Contingency Plan, Section 40.0046

® N

The technologies and process options presented in Table 6-1 and 6-2 are examined and screened
in Section 6.6 with respect to their technical implementability at the site. Furthermore, the
technologies and process options remaining after the initial screening are evaluated for

effectiveness, implementability, and cost in Section 6.7.

6.4 CRITERIA FOR SCREENING OF TECHNOLOGY TYPES AND PROCESS
OPTIONS

6.4.1 Site-Specific Characteristics
In order to select remediation technologies and process options, information about the Site and
the characteristics of the contaminants are needed. This information includes, (1) geologic

information, (2) hydrogeologic information, and (3) groundwater quality information.
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1) Geologic information
Geologic information about soil types, vadose zone gas permeability, and depth to
water table is crucial to select remedial options. In addition, it is important to know
whether the bedrock is fractured and the degree of heterogeneity of the soil for
selecting remedial process options.
2) Hydrogeologic information
Hydrogeologic information, including groundwater velocity, direction of flow,
hydraulic conductivity, hydraulic gradient, and effective porosity are key parameters
needed to select potential remedial process options.
3) Groundwater quality information
Groundwater quality information includes hardness, metal content (such as iron
concentration), grease and oil concentration, and concentration of suspended solids.
In addition, temperature of groundwater is an important element because it affects
microbial activity in the environment, as well as the solubility of contaminants in
groundwater. The pH of groundwater needs to be measured because it may affect
contaminant solubility and toxicity and it may increase the risk of poisoning the

microorganisms that would be used for biological treatment.
6.4.2 Contaminant Characteristics and Distributions

Contaminant characteristics and distribution in the Central Area aquifer is essential in order to

screen groundwater remediation technologies and process options.
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1) Contaminant chemical/physical characteristics
The nature and extent of contaminants, especially, halogenated volatile organic
compounds, in groundwater are key elements to be considered in an analysis of the
technical implementability of remedial process options. In addition, several
contaminant characteristics are key to determine the technical implementability of
remedial process options. These characteristics include water solubility, vapor

pressure, density, and Henry’s law constant.

2) Contaminant distribution
Location of major contaminated areas (plumes), vertical and horizontal distribution of
contaminants composing plumes, chemical/physical characteristics of these
contaminants, and the geological and hydrogeological condition vicinity to plumes
should be addressed. These are essential parameters for selecting potentially
applicable technologies and process options. For example, process options of
remediating PCE distributed in permeable unconsolidated aquifer may not be

applicable if PCE exists in the fractured becrock as DNAPLSs.

6.5 PRELIMINARY SCREENING OF TECHNOLOGY TYPES & PROCESS
OPTIONS

The preliminary screening has been done based on the geologic and hydraulic information and
information of contaminant characteristics and distributions in the Central Area aquifer, which

has been discussed in Section 3 and 4. The primary screening has been performed in Figure 6-1.
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Technology types and process options that are not potentially applicable based on technical

implementability and site-specific condition have been eliminated.

6.6 EVALUATION OF TECHNOLOGIES AND PROCESS OPTIONS

In the second screening step, the technology types and process options remaining after the
preliminary screening step are evaluated for effectiveness, implementability, and cost.
Effectiveness, implementability, and cost for each process option has been evaluated and

summarized in Table 6-3.
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Table 6-3 Evaluation of Process Options for Central Area Aquifer Remediation
Response Action/ Process Options Effectiveness Implementability Cost Reference*
h Technology Types
z No Action/None No Action It provides baseline against which Not applicable. - None 1,2,3,4,5,
other remedial technologies can be 6
m compared.
It does not reduce risks or toxicity,
z mobility, and volume of the
contamination.
: It is required by the National
Contingency Plan (NCP).
u Limited Action/ Natural Attenuation | Natural attenuation may decrease the | Technical implementation of natural - Low Capital 1,2,3,6
Natural Attenuation toxicity and/or mobility of attenuation is feasible. - Low O&M
o contamination over time. Administrative implementation would | The most significant costs
It does not effectively reduce short- require the PRPs to discuss how they | associated with natural
n term potential for human exposure could utilize existing monitoring attenuation are groundwater
with the contamination. wells, where they should install monitoring. The monitoring
m E additional monitoring wells, and costs of the groundwater
which parties would should take wells could be high
> responsibility for monitoring the depending on how long it
Central Area aquifer. has to be monitored.
H Institutional/ Access | Deed restriction Does not reduce toxicity, mobility or | Technical and administrative - Low Capital
I restriction volume of the primary contaminants | implementation of deed restrictionis | - Low O&M
in the groundwater. Thus, it is not feasible.
U effective to reduce adverse impact to | It could be difficult to implement this
the environmental receptors. process option when purchasing
m However, risks to human health are drinking water will become
eliminated due to restrict usage of the | economically impracticable than
< contaminated groundwater cleaning up the Site groundwater in
the future.
wl

* See Table of references in the last page of Table 6-3.

6-17




-
<
L
=
-
O
o
(@
L
>
—
- -
o
o
<
<
o
L
2
=

"

~

W, ~ 7~

Response Action/ Process Options Effectiveness Implementability Cost Reference*
Technology 1 Types
Institutional/ City water supply Use of city/MWRA water supply Technical and administrative - Low Capital costs 2,3
Alternative water eliminates the need to pump the implementation of alternative water - High O&M costs
supply contaminated groundwater, thus supply is feasible.

effectively eliminating most of the City of Wobumn has been using an

risk to human health. However, this | alternative water supply since 1979.

process option does not effectively However, the MADEP sees that

reduce other long-term risks nor additional water supply may be

toxicity, mobility, and volume of the | necessary in order to solve water

contamination at the Site. shortage occurring every summer.
Institutional/ Wellhead treatment Would effectively address many of Technical implementation of - Moderate Capital * 2
Drinking water the human health exposure pathways | wellhead treatment is feasible. - Moderate O&M *
treatment by treating the extracted water prior | Remediation of contaminants using

to distribution and use. However, established ex-situ treatment * Assuming only

this process option would likely be technologies (e.g., granulated supplemental costs for

deferred until other supply activated carbon, air stripping) is treatment of site

alternatives were depleted. common in many communities contaminants would be

Reduction of long-term risk or similar to Woburn. Administrative applied here.

toxicity, mobility, and volume of the | feasibility would be challenging to

contamination at the Central Area determine what portion of the

would be deferred until a later date wellhead costs was applicable to

and then would only be applied to contamination originating from

areas directly influenced by pumping. | Source Areas.
Containment/ Pump & treat Effective alternative for the Pump & treat would be technically - Moderate Capital 1,2,3,6,7
Horizontal Barriers management of the contaminated feasible. However, to fully cover the | - Moderate to High O&M

groundwater. It would also lower remediation area would be a Operating costs could be

long term risk and toxicity, mobility, | challenge. high depending on how long

and volume of the contamination. the system is operated.

Additional source control (i.e.,

Olympia, leaking sewer pipe) would

be necessary to increase the

effectiveness.
Collection/ Shallow wells, Deep | Extraction wells are effective in Technical implementation of - Low to Moderate Capital 1,2,3
Extraction wells, and Bedrock intercepting the plumes. Deep wells | extraction wells would be easier than | - Low O&M

wells and bedrock wells are the only an interceptor trench. However, wells
effective methods for collecting are far more likely to draw in water
groundwater at great depths. from the river than other extraction
process options.
6-18
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Response Action/ Process Options Effectiveness Implementability Cost Reference*
Technology Types
Collection/ Well points Well points are effective in Technically, well points would be - Low Capital 1
Extraction intercepting the plumes, while feasible for this site. However, a - Low O&M

minimizing the amount of water large number of well points will be

extracted from Aberjona River and required. Installation of well points

the wetland (due to their small radius | and piping in the wetlands would be a

of influence). challenge.
Collection/ Horizontal wells Horizontal wells are effective in Technical implementation of - High Capital 6,78
Extraction intercepting the plumes. Horizontal | horizontal well is feasible; however, - Moderate O&M

wells also could be used with in-situ | currently, the technology is limited to | The capital cost of horizontal

air sparging or bioremediation depths of less than 50 feet. Use of wells often would be higher

systems in order to increase horizontal wells below the wetlands than vertical wells.

effectiveness in intercepting VOCs. would minimize construction impacts

in wetlands.

Collection/ Interceptor trenches Interception trenches would be Technical implementation of - - Moderate Capital 2,3
Surface drain effective in intercepting the plumes at | interceptor trenches is more difficult - Moderate O&M

fairly shallow depths. The than extraction wells. Trenches

effectiveness of this system is similar | would require the clearing of large

to using shallow multiple extraction areas for construction of trenches and

wells. would be difficult to construct in

wetlands.

Treatment/in-situ Anaerobic Anaerobic bioremediation is effective | Technical feasibility of the systemis | - Low Capital 2,4,6
Biological bioremediation for degrading most cVOCs, including | uncertain due to the generation of - Low to High O&M

TCE and PCE found at the Central DCE and vinyl chloride as anaerobic | The operating costs could be

Area. However, the Site degradation compounds. high depending on how long

groundwater may also be Significant amounts of monitoring the system is operated.

contaminated with heavy metals such | would be required. Costs would increase due to

as arsenic and chromium; high levels
of heavy metals are toxic to
microorganisms. Therefore, a pilot
test will be required to ensure the
effectiveness of this technology.

the need for a pilot test.
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Response Action/ Process Options Effectiveness Implementability Cost Reference’
Technology Types
Treatment/in-situ Air sparging Most of the Site VOCs can be Technical and administrative - Moderate Capital 2
Physical/chemical effectively removed from the implementation of an air sparging - Moderate to High O&M
groundwater in the unconsolidated system is feasible as demonstrated at | The operating costs could be
deposits (air sparging is not effective | Wildwood. However, groundwater is | high depending on how long
on SVOCs). Demonstrated shallow (< 5’below ground surface the system is operated.
effectiveness at the Wildwood (bgs)) in much of the Central Area.
portion of the Site, which has similar | Therefore, a surface seal, similar to
characteristics as the Central Area. that constructed at Wildwood, would
Vaporized contaminants need to be likely be required to capture the
collected effectively and treated to contaminated vapors. Most of the
meet air emission standards. A pilot | treatment area would need to be
test would be required to design an cleared resulting in substantial loss of
air‘vsparging system. Bedrock and wetlands resource area.
deep overburden wells would be
required to intercept the deep
portions of the plume.
Air sparging would have the effect of
oxidizing metals. The effect of
metals in potentially a higher
oxidative state relative to toxicity and
mobility would have to be assessed.
Treatment/in-situ In well air stripping VOCs and BTEX found at the In well vapor stripping is feasible to - Moderate Capital 9
Physical/chemical Central area can be effectively remediate primary VOCs - Moderate O&M
removed from the groundwater. contaminants in the Central area. In-well stripping needs lower
In well vapor stripping can be Metals in groundwater may convert to | capital and O&M, due to use
applied to any soils in the Central a higher oxidative species. This may | of a single well for extraction
area. This technology is not effective | cause precipitation of any iron and of vapors and remediation of
on SVOCs. Naturally occurring manganese that could clog this groundwater and lack of
biodegradation could also be system. This would need to be need to pump, handle, and
enhanced by injecting additives evaluated further. treat groundwater at the
(nutrients, oxygen, etc.) into the surface.
stripping well. A pilot test would be
required to design the in-well
stripping system. Bedrock and deep
overburden wells would be required
to intercept the deep portions of the
plume.
i
!
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Response Action/ Process Options Effectiveness Implementability Cost Reference*
Technology Types
Treatment/in-situ In-situ Chemical In-situ chemical oxidation is effective | In-situ chemical oxidation is feasible | - Moderate to High Capital 10
Physical/chemical oxidation for removal of DCE, TCA, TCE, to remediate VOCs and SVOCs found | - Moderate O&M

PCE, SVOCs (including PAHs), at the Central area. The operating costs could

PCBs, and BTEX found in the Given that fractured bedrock exists in | vary depending on the cost

Central Area. the Central Area, designing an and quantity of oxidants to

The technology can be applied to a oxidant distribution system that gives | be used.

variety of soil types consisting in the | homogenous levels of oxidant

Central Area aquifer. throughout the site may be very

In addition, the technology can difficult. Furthermore, verifying that

remediate contaminants found in one has achieved even distribution of

deeper aquifer by using deep/bedrock | oxidant may also be problematic.

injection wells. A pilot test would be

required to design the in-situ

chemical oxidation system.
Treatment/in-situ | Hot water or steam | Effective for removal of most Technical and administrative - Moderate Capital 2,3
Physical/chemical | Flushing/stripping | VOCs at the Site. implementation of a hot water or | - High O&M

Most effective for VOCs with steam stripping is feasible. The operating costs could

boiling point less than 150 °C; be high depending on how

DCA, DCE, PCE, TCA, TCE, long the system is

and vinyl chloride have boiling operated.

point less than 150 °Cl,
Treatment/in-situ Passive/reactive Passive/reactive treatment walls that | Technical implementation of passive | Assumed, . 6,11
Physical/chemical Treatment walls may be installed across the flow path | reactive treatment walls is less - High Capital

of contaminant plumes at the Site are | feasible than other in-situ - Moderate O&M

effective in capturing shallow
groundwater plumes and preventing
further migration of the plumes.
Bedrock and deep overburden wells
would be required to intercept the
deep portions of the plume.

physical/chemical treatment
technologies to capture contaminants
in the Central Area.

Treatment walls would require the
clearing of large areas for
construction of trenches and would be
difficult to construct in wetlands

Complete cost data are still
not available because most
sites are scaled for
demonstration and may have
been over designed for a
safety margin.
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Response Action/ Process Options Effectiveness Implementability Cost Reference*
Technology Types
Treatment/ex-situ Bioreactor Bioreactor would be effective for Bioreactor is feasible for treatment of | - Moderate Capital 1,2,3,6
Biological most of SVOCs and VOCs at the VOCs and SVOCs in site - High O&M
Central Area. groundwater. Capital cost could escalate
However, bioreactor with co- High levels of heavy metals, such as depending on whether
metabolites should be used to remove | arsenic and chromium that may be pretreatment for metals,
halogenated VOCs and SVOCs. found at the Site, are most likely toxic | treatment for volatiles in the
Treatability studies wouid be to microorganisms and must be off-gas, and/or a second
required for determining removed in a pretreatment process. bioreactor (aerobic) is
effectiveness and reliability. The treatment train may also require a | needed.
combination anaerobic followed by The operating costs could be
aerobic treatment to achieve complete | high depending on how long
! degradation to non-toxic end the system is operated.
products. Treatment for volatiles in
the off-gas may also be needed.
Treatment/ex-situ Granulated activated | GAC is highly effective as a GAC is implementable as a polishing | - Low to Moderate Capital 1,2,3,4,5,
Physical/chemical carbon (GAC) polishing step for removal of many step for treatment of the aqueous - Moderate O&M 6
of the SVOCs and some VOCs. phase and treatment of the off-gas (If used for polishing)
However, it is expensive for from various processes.
replacement carbon as a stand along | Could be used in combination with
treatment. Therefore, GAC could not | other treatment technologies.
be used as a stand-alone treatment Management of the residual carbon
process option, but it could be would be handled by off-site
effective as a polishing step. GAC regeneration or disposal.
has been effectively used to treat for
TCA at the Wildwood and Unifirst
. portions of the Site.
Treatment/ex-situ Air stripping Air stripping is very effective for Air stripping is implementable for - Low to Moderate Capital 1,2,3,4,6
Physical/chemical removal of VOCs and SVOCs with a | treatment of VOCs and some SVOCs | - Low to Moderate O&M
dimensiontess Henry’s law constant? | in site groundwater as seen at The operating costs could be
greater than 1.0E-02. Wildwood. higher depending on how
Demonstrated effectiveness as a Pretreatment of extracted long the system is operated
primary treatment unit at the groundwater may be required if the and the air to water ratio,
Wildwood portion of the Site. concentration of iron is greater than 5 | which is fixed based on the
ppm and hardness is greater than 800 | percent removal required.
ppm in order to avoid clogging the
columns.
Off-gas may require treatment based
on mass emission rate.
6-22
J ] ¥ ’ J s ] § § i i i i [ |




-
<
w
=
=
O
o
Qo
L
>
—
- -
o
o
<
=
[«
88
2]
=

- - - - - - - . - - o -

& & & & i & R & & ] & 3 | | 4 ]
Response Action/ Process Options Effectiveness Implementability Cost Reference’
Technology Types
Treatment/ex-situ Ion exchange Ion exchange is effective for removal | Ion exchange is implementable for - Moderate Capital 1,3,4,6,7
Physical/chemical of metals; however, it is less effective | final polishing step of treatment - Moderate O&M

if groundwater contains high levels process for metal removal only if
of suspended solids (SS) (No SS data | required.
in Phase 1 A report). Technical implementation of the ion
Ion exchange is not effective at all exchange is feasible.
for removal of VOCs and SVOCs. Extracted groundwater may require
The system generates a more pretreatment if the concentration of
concentrated secondary waste SS is greater than 10 ppm, which may
(contaminated resins) which must be | cause resin blinding.
treated properly.
Treatment/ex-situ Precipitation/ Chemical precipitation can The technology is implementable as - Low to Moderate Capital 3,4,6
Physical/chemical coagulation/ effectively remove dissolved toxic either a pre-treatment or post- - Moderate to High O&M
flocculation metals by converting them into solid- | treatment. Costs depend on the degree
phase particulates, which can be The technology is well established of inorganic removal.
removed from the aqueous phase by and is easily implementable.
coagulation and filtration. The technology often requires a larger
In order to remove primary chemicals | land area than other processes.
of concern, VOCs and SVOCs, other
treatment systems are required.
Treatment/ex-situ Separation/ Separation can provide an effective Separation could be implementable as | - Moderate Capital 1,3,4
Physical/chemical Filtration pre- or post-treatment step that would | pretreatment for metal and SS - Moderate O&M
remove fine particles and SS. removal. The costs of separation
Effectiveness for organic and would be dependent on the
inorganic removal is high, although flow, the amount of solids in
dependent on molecular size. groundwater, and the method
Filtration has been used at the of treatment or disposal
Wildwood, Grace and Unifirst selected for these solids.
treatment systems to effectively treat
for metals and suspended solids.
Treatment/ex-situ Sprinkler irrigation Sprinkler irrigation could be effective | Sprinkler irrigation is technically - Low to High Capital 6
Physical/chemical for removal of VOCs, SVOCs, and implementable as post-treatment for - Low to High O&M
BTEX at the Site by volatilizing the VOCs and SVOCs, if metals are Costs assumed to be similar
contaminants and releasing directly removed from the site groundwater. to air stripping

to the atmosphere.

However, regulatory approval may be
difficult to obtain because of the
potential of direct release for
contaminants to the atmosphere.
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Response Action/ Process Options Effectiveness Implementability Cost Reference*
Technology Types
Treatment/ex-situ UV oxidation Effectiveness of the UV/oxidation UV/oxidation is implementable for ~ Moderate to High Capital 1,2
Physical/chemical system has been shown at the Grace treatment of VOCs in site - High O&M Unifirst and
and the Unifirst sites where their groundwater as shown at Grace and The operating costs could be | Grace
systems target the removal of VOCs | Unifirst. high depending on how long | Report.
(mainly TCE, 1,2-DCE and PCE) UV lamps can get blocked by the system is operated the
from the groundwater. Remediation | deposits and need to be cleaned size of the unit, the type of
for TCA would require an additional | regularly. oxidant, and local electricity
treatment step. costs.
Discharge/on site Local stream or river | Discharge of the treated groundwater | Technical implementation of the - Low Capital 2,4
discharge into the Aberjona River would be an | discharge of treated groundwater to - Low O&M
effective method for disposal. the Aberjona River is feasible.
Discharge could be located to Would need to meet requirements for
effectively replace the groundwater NPDES permit and the chemical
that had been intercepted by the conditions typical of MA Wetland
collection system. Protection Act Permit issued by local
Conservation Commission.
Discharged water would likely need
to meet AWQC. This has not been a
problem at other treatment systems at
the Site. Wildwood, NEP, and
Unifirst all discharge (directly and
indirectly) their treated effluent to the
River.
Discharge/on site Subsurface recharge | Subsurface recharge of treated Technical implementation of the - Moderate Capital 2,4
discharge groundwater would be an effective recharge of treated groundwater to the | - Low O&M
means of discharging the water and it | subsurface at the Site is feasible.
could be designed to maintain the Subsurface recharge would be
water balance in the Central area. adversely impacted by the high water
table and would require a large
recharge area.
Discharge/on site Groundwater Reinjection of treated groundwater Technical implementation for - Low to Moderate Capital 2,4
discharge injection would be an effective means of groundwater injection is feasible. - Low O&M
discharging the water. It could also
be designed to maintain the water
balance in the area and could be used
to help flush contaminants in the
deeper portions of the aquifer.
6-24
’ . r ’ r v ’ f f § { i { f I




-
<
L
=
-
O
O
Q
L
>
—
- -
o
[0 4
<
=
o
L
2
=

Notes:

1. Boiling temperature: 1,2-DCA (83 °0), 1,1-DCE (32 °C), PCE (--), 1,1,1-TCA (74 °C), TCE (87°C), VC(-14 °C)

2. Henry's constant (dimensionless): 1,1-DCA (2.4E-01); 1,2-DCA (4.1E-02); trans1,2-DCE (7.7E-01), PCE (---), 1,1,1-TCA (1.8E-02), TCE (4.2E-01), VC (99E00): All of
these COCs have dimensionless Henry’s constant greater than 1.0E-02.
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6.7 DEVELOPMENT OF ALTERNATIVES

Process options evaluated for effectiveness, implementability, and cost in Table 6-3 have been

selected to assemble alternatives for further evaluation. A scoring system shown in Table 6-4

has been developed to select process options from different response actions and technology

types.
Table 6-4 Response Actions and Technology Types for the Further Analysis
Response Action Technology Type Selection
No Action No Action Must be selected; required by NCP
Limited Action Natural Attenuation One process option has been selected from
Institutional Limited Action
Collection Extraction One process option has been selected from
Surface Drain Collection
Treatment In-situ biological ® One biological technology, either in-situ or
ex-situ, has been selected.
®  One in-situ and one ex-situ
physical/chemical treatment has been
selected as primary groundwater treatment
process option.
®  One ex-situ physical/chemical technology
has been selected as pre-treatment
technology
Discharge On site discharge ®  One process option has been selected from

Discharge.

In order to select process options in accordance with the criteria in Table 6-4, the following

scoring system shown in Table 6-5 was employed.
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Table 6-5 Scoring System for Selecting Process Options for Further Analysis

-L Item Score Criteria
Effectiveness 3 Process options that could reduce concentration of
- majority the primary contaminants (PCE and TCE)
in the Site groundwater
2 May not fully remediate the primary contaminants,
- but effective for treating other site contaminants
(metals).
1 Not effective at all
- Implementability 3 No complex engineering judgement required to
implement process options
- 2 Some complex engineering judgement required to
implement process options
1 Complex to implement process options
- Cost 3 Both Capital and O&M costs are considered low
2 Between 1 and 3
1 Both Capital and O&M costs are considered high
-
- Using this scoring system, process options with the highest score under each response action
( were selected (See Table 6-6).
-
-
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Table 6-6 Matrix for Selecting Alternatives for Detail Analysis

Page 1 of 7

Response Process Effectiveness Points* | Implementability Points** | Cost Points*** | Total
Action/ Options Points
Technology
Types
No Action/ No Action It does not reduce risks or 1 Not applicable. 3 - None 3 7
None mobility and volume of the Selected

contamination.

[t is required by the NCP.
Limited Natural Natural attenuation may 2 Technical implementation of 3 - Low Capital 3 8
Action/ Altenuation | decrease the toxicity and/or natural attenuation is feasible. - Low O&M Selected
Natural mobility of contamination.
Attenuation Not cffectively reduce short-

term potential for human

exposure with the

contamination.
Institutional/ Deed Does not effectively reduce 2 Technical and administrative 2 - Low Capital 3 7
Access Restriction long-term risk or toxicity, implementation of deed - Low O&M
Restriction mobility, and volume of the restriction is not feasible unless

contamination. maintaining alternative water

However, it reduces short supply.

term potential for human

exposure.
Institutional/ City water Does not effectively reduce 2 Technical and administrative 3 - Low Capital 2 7
Alternative supply tong-term risk or toxicity, implementation of alternative - High O&M
water supply mobility, and volume of the water supply is feasible.

contamination.

However, it reduces short

term potential for human

exposure.
Institutional/ Wellhcad Docs not cffectively reduce 2 Technical implementation of 3 - Moderate Capital 2 7
Drinking treatment long-term risk or toxicity, wellhead treatment is feasible. - Modcrate O&M
watcer mobility, and volume of the
treatment contamination at the Central

Arca.

6-28
’ ¥ § r ¥ ’ [ ] ' i i i I




-
<
L
>3
-
O
o
Q
L
>
—
L
O
o
<
<
Q.
L
v
=

e & & 2 & R _ &8 & & =8 & @ A
Table 6-6 Matrix for Selecting Alternatives for Detail Analysis
(Cont.) Page 2 of 7
Response Process Effectiveness Points* | Implementability Points** | Cost Points*** | Total
Action/ Options Points
Technology
Types
Containment/ | Pump & Effective alternative for the Technically pump & treat 2 - Moderate Capital 2 7
Horizontal treat management of the would be feasible. Fully cover - Moderate to High O&M
Barriers contaminated groundwater. the remediation area might be
challenge
Collection/ Shallow Extraction wells are effective Well established technology 3 - Low to Modcrate Capital 3 9
Extraction wells, Dcep | in intercepting the plumes. and used at the Sitc. - Low O&M Selected
wells, and Technical implementation of
Bedrock extraction wells would be
wells casicr than an interceptor
trench.
Collection/ Well points Well points are cffective in Would require extensive 2 - Low Capital 3 8
Extraction intercepting the plumes, number of well points in the - Low O&M
without extracting water from wetlands arca.
Aberjona River and the Technically, well points would
wetland. be feasible.
Collection/ Horizontal Horizontal wells are cffective Technical implementation of 2 - High Capital 1.5 165
Extraction wells in intercepting the plumes. horizontal well is feasible; - Moderate O&M
however, currently, the The capital cost of horizontal
technology is limited to depths wells often would be higher
of less than 50 feet. than vertical wells.
Collection/ Interceptor Interception trenches would Technical implementation of 1 - Moderate Capital 2 5
Surface drain | trenches be effective in intercepting the interceptor trenches is more - Modcrate O&M
' plumes. The cffectiveness of difficult than extraction wells.
this system is similar to a
multiple extraction well
system.
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Table 6-6 Matrix for Selecting Alternatives for Detail Analysis
(Cont.) Page 3 of 7

Response Process Effectiveness Points* | Implementability Points** | Cost Points*** | Total
Action/ Options Points
Technology

Types

Treatment/ Anacrobic Anacrobic bioremediation is Technical feasibility of the - Low Capital 3 7

in-situ bioremediati | effective for primary system is uncertain duc to the - Low to High O&M Selected
Biologicat on contaminants, but a long gencration of DCE and vinyl

period of time is required. chloride as degradation Costs would be increased
| compounds. duc to the need for a pilot
test.

Treatment/ In well VOCs and BTEX found at the In well vapor stripping is - Modcrate Capital 2 8

in-situ vapor Central Area can be feasible to remediate primary - Moderate O&M Selected
Physical/ stripping cffectively removed from the VOCs contaminants in the

chemical groundwater. Central arca.

Treatment/ Air sparging { VOCs and SVOCs can be Technical implementation of an - Moderate Capital 2 6

in-situ cffectively removed from the air sparging system is fcasible; - Moderate to High O&M

Physical/che groundwater. however, it requires covering The operating costs could be

mical the ground at remediation area high depending on how long

and may disturb wetland the system is operated.
adversely.
| 6-30
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Table 6-6 Matrix for Selecting Alternatives for Detail Analysis
(Cont.) Page 4 of 7

Response Process Effectiveness Points* | Implementability Points** | Cost Points*** | Total
Action/ Options Points
Technology
Types
Treatment/ In-situ In-situ chemical oxidation is 2 In-situ chemical oxidation is 2 - Moderate Capital 2 6
in-situ Chemical effective for removal of DCE, feasible to remediate VOCs and - Moderate O&M
Physical/ oxidation TCA, TCE, and PCE, SVOCs, SVOCs found at the Central The operating costs could
chemical including PAHs and PCBs, area. vary depending on oxidants

and BTEX found in the State limits groundwater to be used.

Central Area. injection of some oxidants.

It can use to remediate

contaminants found in deeper

aquifer by using deep/bedrock

injection wells.
Treatment/ Hot water or | Effective for removal of the 2 Technical and administrative 2 - Moderate Capital 2 6
in-situ stecam primary contaminants at the implementation of a hot water - High O&M
Physical/che Flushing/stri | Site. or stecam stripping is feasible.
mical pping
Treatment/ Passive/ Effective to capture 2 It is not implementable to place | | - High Capital 1.5 145
In-situ reactive contaminants in shallow the wall to capture the - Moderate O&M
Physical/ Treatment aquifer, but not to capture contaminants found in bedrock Complete cost data are still
chemical walls plume in deep aquifer. in the Central Area, due to not available

' constructability constraints.
Treatment/ Biorcactor Bioreactor with comctabolites | 2 Biorcactor is feasible for 2 - Medium Capital 1.5 'S5
ex-situ could be used to remove treatment of SVOCs in - High O&M
Physical/ halogenated VOCs and extracted groundwater, but not The operating costs could be
chemical SVOCs. feasible for trcatment of high depending on how long

Treatability studies required halogenated VOCs without the system is operated.

determining effectiveness and additional treatment processes.

rcliability.
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Table 6-6 Matrix for Selecting Alternatives for Detail Analysis
(Cont.) Page 5 of 7
Response Process Effectiveness Points* | Implementability Points** | Cost Points*** | Total
Action/ Options Points
Technology
Types
Treatment/ Granulated GAC is highly effective as a GAC is implementable as a - Low to Modcrate Capital 2 6
ex-situ activated polishing step for removal of polishing step for trcatment of - Moderate O&M Could be
Physical/che carbon many of the SVOCs and some the aqucous phase and (If used for polishing) used for
mical (GAQ) VOCs. However, it is less treatment of the off-gas from ) post-
effective to remove Various processes. treatment
halogenated VOCs. Could be used in combination
with other treatment
technologics.
Treatment/ Air stripping | Air stripping is very cffective Air stripping is implementable - Low to Modcrate Capital 3 9
cex-situ for removal of VOCs and for treatment of VOCs and - Low to Modcrate O&M Selected
Physical/che SVOCs with a dimensionless SVOCs in Site groundwater. The operating costs could be
mical Henry’s constant greater than Extracted groundwater may be higher depending on how
1.0E-02. required pretreatment if the long the system is operated.
concentration of iron is greater
than § ppm and hardness is
greater than 800 ppm in order
to avoid clogging the columns.
Treatment/ lon lon exchange is cffective for lon exchange is implementable - Moderate Capital 2 5
ex-situ exchange removal of metals. lon for final polishing step of - Moderate O&M
Physical/che cexchange is not effective at all trecatment process for metal
mical for removal of VOCs and removal only if required.
SVOCs. Due to complexity, not as casy
The system gencrate a as implement scparation.
sccondary waste
(contaminated resins) which
must be trcated properly.
A-32
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Table 6-6 Matrix for Selecting Alternatives for Detail Analysis
(Cont.) Page 6 of 7
Response Process Effectiveness Points* | Implementability Points** | Cost Points*** Total
Action/ Options Points
Technology
Types
Trcatment/ Pre- In order to remove primary The technology is 2 - Low to Modecrate Capital 2 5
ex-situ cipitation/ chemicals of concern, VOCs implementable as cither a pre- - Moderate to High O&M
Physical/che | coagulation | and SVOCs, other treatment treatment or post-treatment. Costs depend on the degree of
mical flocculation | systems is required. The technology is well inorganic removal.
established and is casily
implementable.
Trecatment/ Separation/ Separation can provide an Separation could be 3 - Moderate Capital 2 7
ex-situ Filtration effective pre- or post- implementable as pretreatment - Moderate O&M Could
Physical/che trcatment step that would for metal and suspended solids used for
mical remove fine particle. Also, removal. pre-
induce some volatilization. treatment
Effectiveness for organic and
inorganic removal is high,
although dependent on
molecular size.
Treatment/ Sprinkler Sprinkler irrigation could be Sprinkler irrigation is 2 - Low to Moderate Capital 2 7
ex-situ irrigation effective for removal of technically implementable. - Low to Moderate O&M
Physical/che VOCs, SVOCs, and BTEX at Regulatory approval may be Assumed
mical the Site by volatilizing the difficult to obtain because of
contaminants and rcleasing the potential of direct relcase
directly to the atmosphere. for contaminants to the
atmosphere.
Treatment/ uv Effcctiveness of UV/oxidation UV/oxidation is implementable | 3 - Moderate to High Capital 1.5 )75
ex-situ oxidation system has been proven at the for treatment of VOCs in site - High O&M
Physical/che Grace and the Unifirst site. groundwater. The operating costs could be
mical Note: takes longer time to high depending on how long
break down TCA in the the system is operated.
groundwater.
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Table 6-6 Matrix for Selecting Alternatives for Detail Analysis
(Cont.) Page 7 of 7
Response Process Effectiveness Points* | Implementability Points** | Cost Points*** | Total
Action/ Options Points
Technology
Types
Discharge/ Local stream | Discharge of the treated 3 Technical implementation of 3 - Low Capital 3 9
on site or river groundwater into the the discharge of treated - Low O&M
discharge Aberjona River would be groundwater to the Aberjona
cffective. River is feasible, as long as
meeting the discharge
standards are achievable.
Discharge/ Subsurface Surface recharge of treated 3 Technical implementation of 2 - Moderate Capital 25 {75
on site recharge groundwater would be an the recharge of treated - Low O&M
discharge cffective means of groundwater to the subsurface
' discharging the water and it at the Site has limited
could be designed to maintain feasibility.
the water balance in the Subsurface recharge would be
Central Arca. adverscly impacted by the high
water table and require large
arca.
Discharge/ Ground- Reinjection of trcated 3 Technical implementation for 3 - Low to Moderate Capital 25 |85
on site water groundwater would be an the groundwater injection is - Low O&M
discharge injection cffective means of feasible, but strictly regulated.
discharging the water and it
could be designed to maintain
the water balande in the area.

|

" Points for Effectiveness: 3=Process options that could reduce concentration of majority the primary contaminants (PCE and TCE) in the Site groundwater.
2=Not fully remediate the primary contaminants, but effective for treating other site contaminants (metals), I=Not effective at all.

" Points for Implementability: 3= No complex engineering judgement required to implement process options, 2= Some complex engineering judgement
required to implement process options, 1= Complex to implement process options.

" Points for: 3= both Capital and O&M cost is considered as low, 2= between 1 and 3, 1=both Capital and O&M cost is considered as high.
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Figure 6-1 The Preliminary Screening of Technology Types and Process Options Page 1/8
groundwater
General Response Remedial Technologies Process Options Description Screening Comments
Actions

| No Action }——|—None | Not applicable 1 No action — Required for consideration by
the National Contingency Plan

I Limited Action l——-[—Natural Attenuation H Natural Attenuation ]'—— Natural subsurface processes are —1 Required for consideration by
allowed to reduce contaminant the National Contingency Plan

concentrations to acceptable levels

[ Institutional I———-{WAccess restrictions ]——I Deed restrictions __I-—— Restrict use of groundwater at the site Potentially applicable

by imposing deed restrictions on all
properties overlaying the site

—rAltcmative water supply F—{ City water supply __|—- Continued use of water from city —r Potentially applicable

wells and/or MWRA to replace
supply from the Site.

L Drinking water treatment|— Well head treatment _|——{ Remediation of contaminants in —{ Potentially applicable

groundwater to MCL:s if groundwater
is again used as a drinking water
supply.
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6/14/99 Tufts University HMM Capstone Project 1999: Wells G & H, Woburn, MA.
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General Response
Actions

Figure 6-1 The Preliminary Screening of Technology Types and Process Options

Remedial Technologies

Process Options

Description

Page 2/8

Screening Comments

l Containment

l_

— Vertical Barriers

-4 Sheet barriers

6/14/99

Interlocked piles assembled and
driven into the soil

Eliminated due to the presence of
weathered, highly fractured, and deep
bedrock.

~~~~~~~ i Slurry wall

Trench around areas of contamination i~

and fill with a soil bentonite slurry

Eliminated due to the presence of
weathered, highly fractured, and deep
bedrock.

------- { Grout curtain

Pressure injection of grout in a regular
pattern of drilled holes

Eliminated due to the presence of
weathered, highly fractured, and deep
bedrock.

i Vibrating beam

Vibrating force to advance beams into
ground with injection of slurry as beamn:
is withdrawn

Eliminated due to the presence of
weathered, highly fractured, and deep
bedrock.

1" Horizontal Barriers

{ Block displacement

e T

In conjunction with vertical barriers,
injection of slurry in notched injection
holes

Eliminated due to the presence of
weathered and highly fractured
bedrock and DNAPLs?.

Pump & Treat

I-—L Pump and Treat

}._.

I Screened

Provides an active barriers to
contamination migration through the
groundwater

a DNAPLs: Dense Non Aqueous Phase Liquid.

Tufts University HMM Capstone Project 1999: Wells G & H, Woburn, MA.
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General Response
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Figure 6-1 The Preliminary Screening of Technology Types and Process Options

Remedial Technologies

Process Options

Description

Page 3/8

Screening Comments

J_

{ Collection

—! Extraction

Shallow wells

Used for extraction of shallow
contaminated groundwater

"Potentially applicable. Required

components of many process options.

Deep/bedrock wells

Used for extraction of contaminated
groundwater from deeper aquifers
and/or bedrock

Potentially applicable. Required

components of many process options.

Well points

Series of small wells to extracted
contaminated groundwater at low
volume.

Potentially applicable. Required

components of many process options.

Horizontal wells

Drilling technologies are used to
position wells horizontally, or an angle
to reach contaminants

Potentially applicable to a depth is
less than SOft.

6/14/99

L—l Surface drains

|_.|

Interceptor trenches

T T T _T1T

o

Perforated pipe in trenches backfilled
with porous media to collect

" contaminated groundwater

Tufts University HMM Capstone Project 1999: Wells G & H, Woburn, MA.

—l Potentially applicable
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Figure 6-1 The Preliminary Screening of Technology Types and Process Options Page 4/8
groundwater
General Response Remedial Technologies Process Options Description Screening Comments
Actions
I Treatment l—- In situ biological — Enhanced aerobic Oxygen, hydrogen peroxide,or i~ "The primary contaminants, such as

treatment bioremediation nutrients are injected into the Site PCE and TCA, in the Site

groundwater to enhance biological groundwater are not effectively
reaction to reduce toxicity, volume, degraded in aerobic condition.
and concentration of contaminants in
the Site groundwater.

—! Anaerobic bioremediation— Anaerobic remediation uses —1 Potentially applicable to remediate
biological reaction under anaerobic cVOCs found at the Central .
conditions. Used for remediation of Area aquifer; however, a series of pilot
most halogenated VOCs, test may need in order to judge
including TCA and PCE, which will whether halogenated VOCs can be
not be degraded in aerobic conditions. effectively degraded at the Site.

—{_Phytoremediation froeed Phytoremediation is a set of processes | Contaminants at deeper aquifer will
that uses plants to remove, transfer, not be remediated.
stabilize and destroy organic/inorganic
compounds in groundwater.

r'l‘reatment (cont.) I—— In situ physical/ —-I In well vapor stripping }— Creation of groundwater circulation |—j Potentially applicable for treatment of

chemical treatment

I::I :Retained

6/14/99

cell through injection of air into a
zone of contaminated groundwater
through center of double cased
stripping well, which is designed with
upper and lower double screened well
until remediation goals are met.

[} Screcned

Tufts University HMM Capstone Project 1999: Wells G & H, Woburn, MA.

volatile organics in site groundwater.
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Figure 6-1 The Preliminary Screening of Technology Types and Process Options Page 5/8
groundwater
General Response Remedial Technologies Process Options Description Screening Comments
Actions
[ Treatment (cont.) In situ physical/ lr Air sparging }— Air is injected through a contaminated [ " Potentially applicable for treatment of

[ Retained

6/14/99

o

chemical treatment

aquifer in order to help to volatilize
the contaminants up into the
unsaturated zone.

volatile organics in site groundwater.

------ { Bioslurping

Combination of the two remediat
approaches of bioventing and
vacuum-enhanced free-product
recovery .

Not applicable, since there is no free
product at the Site.

In-situ Chemical
Oxidation

In situ chemical oxidation is based

on the delivery of chemical oxidants to
contaminated media in order to
destroy the contaminants by
converting them to innocuous
compounds commonly found in nature,

Potentially applicable

f Dual phase extraction

A high vacuum system is applied to
simultaneously remove various
combinations of contaminated
groundwater, separated-phase
petroleum products, and hydrocarbon
vapor from the subsurface

Eliminated: No two phases (layers)
present '

------- { Fluid/vapor extraction

A high vacuum system is applied to
simultaneously remove liquid and gas
from low permeability or
heterogeneous formations

Eliminated; need to extract too much
groundwater to lower the water table
because of the presence of vadose zone
with high hydraulic conductivity.

a Volatile Organic Compounds
b Semi Volatile Organic Compounds<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>