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1.0 INTRODUCTION

1.1 Purpose of Report

This report presents a Phase III Remedial Action Plan (RAP) Addendum for the chlorinated
volatile organic compound (VOC) contaminated portion of the aquifer at the former GE facility
(site) located at 50 Fordham Road in Wilmington, Massachusetts. The site location is shown in



12.2 Overview of Nature and Extent of 



Based on the results from boring TRC-202R located near the eastern edge of the parking lot, the
bulk of chlorinated VOC mass flux observed to date is located within a specific fracture system
located 95-115 feet below ground surface (bgs). Given that the maximum concentrations of
chlorinated VOCs in bedrock to date are observed in wells GZA-105, TRC-202R, and
EMW-1 1R3, TRC concluded that a preferential flow pathway exists between the Tank Farm
area, well GZA-105, TRC-201R, and the EMW-l 1 well cluster, which all fall along a direct line
that is oriented approximately N85E, similar to the orientation of the fractures/joints observed in
the surface outcrop located southeast of the site (Figure 1-3). Furthermore, the increasing trend
of contaminant concentrations with depth is consistent with the nature of the contaminants of
concern, given that they are denser than water. That is, a conceptual model of contaminant
migration would have dense non-aqueous phase liquids (DNAPL) entering the bedrock at the
Tank Farm area and moving downward. Water in direct contact with the DNAPL, which could
exhibit exceptionally high levels of VOCs, would preferentially flow eastward along the
fractures toward well cluster EMW-11.

The chlorinated VOCs in the overburden aquifer are associated with the bedrock source area.
There is no separate source of chlorinated VOCs in the overburden. The overburden plume is a
result of eastward migration of impacted groundwater from the shallow fractured rock in the
source area (Tank Farm area) into the overburden of the Eastern Parking Lot (EPL- where the
overburden deposits become -30-40 feet in thickness), and the wetlands area (where the
overburden deposits extend up to 70 feet in thickness). The chlorinated VOCs in the overburden
are generally one order of magnitude less than those detected in (Tank 3.6 Tm (eastward )T 422.5 T1ma T5nk 3.6 Tm (eastward )T 4222..8 0 0iTj 11380c Tm (eastwar[(Farm 1.6 0 0 12 78 421.9b Tmd ig[(Farm 1. 47849 40810 0iTj 11380c T.043 0.008 53ppreciabl.9 Tm (�s0 0rden )]4j 11.5 0.r008 53pprea 12 228 422.5 Tm (tntamngTm (th2 199Td  (the )TNT (bedoverburden)Tj 11.13twar[4)T 4222 )Tj 40810 0iTj 11380c336ar[4)5vels64.3 Tm09less )Tj 1.348ar[4)5vels6ing 



will now be identified as the mass flux in the vicinity of boring TRC-202R. This is depicted on
Figure 1-4.

1.3 Previous Phase III Remedial Action Plan (RAP)

In October 1993, a Phase III RAP was submitted by 



1.4 Remedial Objectives and Cleanup Goals

The cleanup goals established at this site by MADEP are the MCP Method 1 GW-1 standards.
These standards are equivalent to the maximum contaminant levels (MCLs) established by EPA
for drinking water. MADEP considers these standards to be applicable as the site is located
within a DEP Wellhead Protection Area and is, therefore, within a drinking water aquifer. The
Stickney well, located due east of the site, is no longer active. Therefore, the contamination due
east of the site does not pose any current risk to human health. However, there is potential future
risk if a drinking water supply well is installed and operated within the impacted portion of the
aquifer.

The Town of Reading is currently considering the deep bedrock aquifer as a potential source of
drinking water for the community. The area of interest is approximately 3,500 feet southeast of
the site. Site-related contamination at this location is not expected due to the distance from the
site, the likelihood that any fractures would be discontinuous over this distance, and the shift in
orientation away from the primary fracture alignment. Testing to be conducted as part of the
Town's initiative should confirm if any potential problem exists, at which time an evaluation
would have to be made as to whether the Former GE site is a contributing source.

While remediation of chlorinated solvents is challenging under most circumstances, bedrock
remediation is especially difficult given the fractured nature of bedrock formations. The fracture
patterns are often irregular and unpredictable. Typically, fracture density is greatest at the
shallowest depths where the actions of weathering are most effective. At depth, the bedrock
becomes effectively competent (i.e. little to no fractures), thereby preventing further downward
migration of the contaminants. When any DNAPL enters the bedrock fractures, there is the
potential for the contaminants to migrate into "dead end" fractures isolated from groundwater
flow. Access to the contaminants found in this class of bedrock fracture may not be possible.
Under these conditions, the slow dissolution of the contaminants back into the groundwater
system may persist for extensive periods of time, preventing the achievement of drinking water
based cleanup standards. Based on TRC's review of currently available data, no successful
remediation has been achieved at sites with similar conditions.

Due to the nature of the contaminants and the deep bedrock aquifer at the site, there is no current
technology that can achieve the GW-1 standards in a timely manner. Therefore, the achievement
of the GW-1 standards is considered to be technically infeasible. This fact does not change the
cleanup standards, but it changes the focus of the remediation objectives. Since the GW-1
cleanup standards cannot be achieved with current technologies, the remediation goal is to try to
get as close to the GW-1 standards as technically possible while at the same time minimizing
future contaminant migration and potential risk.

Furthermore, given that the original release of contaminants occurred in bedrock, and the
currently-defined source area of the contaminant plume is in fractured bedrock , TRC believes
that all source control efforts must focus on bedrock. With active source control, the source of
the contaminant plume that currently extends into the overburden will, in turn, be controlled. In
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addition, with source control, the residual contaminants located downgradient should continue to
undergo natural degradation and attenuation over time.

Therefore, TRC has selected the following remediation objectives:

* Source containment
* Source removal to the extent practicable
* Groundwater restoration to GW- 1 standards to the extent practicable
* Prevention of human consumption of contaminated groundwater
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curtain is constructed across a vertical or lateral section to prevent lateral groundwater migration.

Curtains can be installed in either bedrock or overburden. Such an application has been

commonly used to seal bedrock underneath dams to prevent water loss under the dam structure.

The main concern in the effectiveness of this technology is that coverage of the grout is

sufficient to provide a complete wall without holes. However, there is no reliable means to

confirm that the area has complete coverage. Because of the tendency of groundwater to flow

around or over the grout curtain, the design (shape and size) of the curtain is also critical.

Evaluation Against Site Conditions

Given the overall lateral size and depth of the contaminant plume, a grout curtain to prevent

further migration of the plume from the property is not practical. Such a curtain would have to

extend at least 120 feet into bedrock as well as across a portion of the overburden located above

the bedrock surface. The lateral extent of the curtain would be approximately 600-800 feet along

the edge of the Eastern Parking Lot, resulting in a curtain with a face area of approximately two

acres.

A more practical application of a grout curtain would be to install it in the original source area at

the Tank Farm. In addition, grouting would be placed in the primary fractures along the

identified preferential flow pathway between the original source area and boring TRC-202R, and

a second curtain would be installed downgradient of wells TRC-202R and EMW-1 1 where the C-/

highest known mass of contaminants has been observed. By closing off the pathway, any
contaminants in the pathway will become permanently stabilized by the grout and no future ?

contaminant movement will occur along that flow pathway. By installing the curtains, I &?UC

downgradient migration of contaminants will be further minimized. Overall, this approach

would bind up the contaminants and reduce off-site contaminant migration.

Grout injection is an appropriate technology for this site in the latter application and will be

retained for development into an alternative.

2.1.2 Groundwater Extraction and Ex-Situ Treatment

Technology Description

This technology involves the installation of one or more groundwater extraction wells at the site.

Positioning of the wells can be in the source area of the site (where the highest dissolved

contaminant concentrations are found) and/or along the leading edge of the plume. The

placement and pumping rates are selected to redirect the natural groundwater flow patterns

toward the extraction wells, thereby preventing future or continuing contaminant migration.

Contaminant 



Groundwater extraction and treatment systems have been implemented in a wide variety of site
conditions. This technology was originally implemented toward the objective of restoring site
conditions to those existing before a contaminant release. The technology, however, has seen
limited success in achieving this goal. Typically, dissolved concentrations that initially decline
reach an asymptotic level where the rate of contaminant desorption from the soil is essentially
matched by the rate at which it is removed at the extraction well. Once this condition is
established, little further improvement is observed. In the presence of organic carbon within the
soil 



The complete dechlorination of chlorinated VOCs requires the synergistic effects of a number of
different microorganisms in a healthy anaerobic community. An ample supply of electron
donors (i.e. a carbon source) is also required to sustain the growth of dechlorinating
microorganisms, as well as the growth of organisms that supply the dechlorinating organisms
with essential nutrients. A number of studies have shown that simple substrates such as lactate
(an electron donor) can support a complex community of bacteria. Considerable laboratory field
research and full-scale projects have shown that chlorinated VOCs can be biodegraded to non-
toxic end products under appropriate anaerobic conditions (leading to the production ofethane,
chlorides and carbon dioxide).

Organic compounds are known to degrade through a variety of biologically-mediated (biotic)
and non-biological (abiotic) processes. The preferred degradation pathway exhibited for a given
organic compound depends on the local groundwater chemistry, microbiology, and chemical
properties of the compound. Detailed site characterization and treatability testing are
recommended to suppoom8 8 0 0 Sn c76mo51t3ty 4m (3ty )Tj0 0 0 0tj 18 162- 562cn



the oxidation reactions take place over a time frame of minutes to hours. Treatment of the
contaminated zone could be accomplished over a period of weeks to months (depending on the
number of applications required) rather than years typical of many remedial approaches.

The in-situ oxidation technology has been applied to a wide variety of sites impacted with VOCs.
The most common oxidizers used for this technology are potassium permanganate (KMnO4) and
Fenton's reagent.

While the reaction mechanisms of chemical oxidation are well documented, the successful
application of this technology for treatment of contaminants in-situ is complicated by several
factors. Of particular consideration is the reaction rate of the process. As described previously,
the oxidation reactions are rapid, occurring over a short time frame. The oxidizer must come in
contact with the contaminant for the reaction to take place. A dense network of injection points
is often required to achieve the degree of contact necessary for adequate treatment of the
contaminants. Where the contaminants are found at depth, the cost of the injection network can
render this technology economically prohibitive. Secondly, oxidizers are non-specific and will
react with available organic and inorganic compounds found within the treatment zone.
Therefore, the oxidizer will be consumed by reactions with non-targeted compounds, thereby
increasing the cost and decreasing the effectiveness of the process.

When using certain reagents, the formation can also be plugged by the precipitation of insoluble
material. Should this occur, oxidant access to the targeted contaminant can be impeded, again
resulting in incomplete treatment. Finally, health and safety concerns also exist with this
technology. The oxidation reactions are exothermic (producing heat) and gas generating.
Subsurface explosions have been reported at sites where excessive oxidizer was supplied to the
subsurface.

Evaluation Against Site Conditions

At this time, the database of successful and unsuccessful in-situ chemical oxidation projects is
lim1.62d478.4 Tm  4522 79 299.5Tj 11.3 0 0 12 288 437m [(The )-597 0 0 4etypsa5t 



2.1.5 Fracturing and Soil Vapor Extraction (SVE)

Technology Description

Hydraulic or pneumatic fracturing and soil vapor extraction (SVE) represent a combination of

technologies designed to remove contaminants from the subsurface. The fracturing 



2.1.6 Dual-Phase Extraction (DPE) and Ex-Situ Treatment

Technology Description

Dual-phase extraction (DPE) is essentially a combination of conventional SVE and groundwater
pump-and-treat remediation and can be used as a means of 1) controlling contaminant migration
in the dissolved phase; 





2.1.8 Summary

Based on conditions found at this site, the following technologies have been retained for further
consideration and incorporation into remedial alternatives:

" Grout injection
* Groundwater extraction and ex-situ treatment
" Enhanced in-situ biodegradation

Given that all of the available technologies are unable to remediate fractured bedrock aquifers in
relatively short time-frames, the contaminant plume at the site will still pose a risk (as defined by
the MCP) to human health and the environment. Therefore, TRC has considered the use of
institutional controls to further minimize and/or control the risk factors. Institutional controls,
such as deed restrictions (or Activity Use Limitations per the MCP), prevent access and/or use of
the impacted groundwater, and are considered to be valid and appropriate measures for
minimizing risk under the MCP.

Therefore, MCP--(2.2 0 0 12 178 545.5545 12c.8 Tm (instituti(an3.5 Tm (contsitu )]TJ 11.7 0 8212 128 476.7 Tm (will )Tj 10.9 0  202 128 476.bTm (the )Tj 11.6 0 1 12 128 476.incorporatnsidered )Tj 11.4 0 0 12 128 476.in9 Tm (to )Tj 10.9 040312 128 476.2 Tm (the )Tj 11.7 042545.5545 12.5 ounnm (re-frames, j 11.5 0 0 12 128 476.aologies )Tj 11.4 0490 12 75 476.n Tmnsidered )Tj 12 0 3545.5545 12.toTm (of)Tj 11.5 0 0 46275 518.Tm 5 Ttefore, )Tj 11.8 0 , j46275 518[(publicMCP�.1 Tm (hesitud )Tj /T1_2s )Tj 11.2 0 06 46275 518.byefined access 



All seven alternatives include institutional 



3.0 DETAILED ANALYSIS OF REMEDIAL ACTION ALTERNATIVES

This section presents the detailed analysis of the seven remedial alternatives presented 



3.1.4 Cost

This evaluation criterion provides information as to the capital and operation, maintenance, and
monitoring (OM&M) costs of the alternative. All costs are estimated in 2002 dollars, with
OM&M costs discounted to net present value. Capital costs include direct and indirect costs.
The direct costs include the equipment, labor and materials to implement the remedial
alternative. The indirect costs include engineering, analytical and reporting necessary to
implement and complete the alternative.

OM&M costs pertain to post-construction activities necessary to fulfill the obligations to
successfully implement and complete each alternative. The costs generally cover maintenance of
equipment, materials, labor, administration, data collection and analysis, and reporting. In
accordance with industry standards, OM&M costs are valued at their present worth assuming a
project duration of 30 years (where applicable) and an interest s0 0 12 132.c348.1 T5 Tm (a91l 11.7 v.4 T300 0 12 1325% d612 3724,81.4 pge41500 1230.017 Td (OM&M )Tj0 12 167 5.672 12.4 Tm 45 ociats )Tj 1 32 Tm0 12 198 54ccordance 11.6 0 0 12 0072 14 Tm (complete )T 

costs 



3.2 Evaluation of Alternative 1 -



3.2.2 Assessment of Alternative I

Effectiveness

Under this alternative, the contaminants remain in place. The alternative does not involve the
active treatment or destruction of the contaminants. Contaminant reduction would only be
achieved through natural attenuation and degradation. In the long-term, this alternative could
achieve a permanent solution; however, the required duration to achieve the desired cleanup
goals is very long and essentially unquantifiable due to the DNAPL source. Potential exposure
to contaminants is effectively reduced only if the GER is placed on the site and maintained.

Short-Term and Long-Term Reliability

This alternative would not be reliable in achieving the cleanup goals in the short-term. They
might be eventually achieved via natural attenuation in the long-term. No waste management is
required for this alternative. Use of the GER would achieve the remediation objective of
prevention of impacted groundwater consumption on site.

Implementability

This alternative would be readily implementable as no active measures would be taken. MADEP Tm (as )Tj 11.3 0 03v8 50A.

32 520.1 Tm (via 0A.)Tn7 aly actir, t62 603.3Tn95.4 0 1 298 589.4 Tm ue 



Timeliness

The time necessary to achieve the remedial goals is indeterminate se13inate 



3.3.2 Assessment ofAlternative 2

Effectiveness

Under 



Risk

The displacement of material currently in the fractures and the development of new fractures
(during grout installation) could allow the uncontrolled release and migration of impacted
groundwater into previously uncontaminated areas of the bedrock aquifer. In addition, impacted
groundwater could flow around the grout curtains over time as the hydraulic pressure increases.
Because the impacted aquifer is not currently being used for any purpose, there is no current risk
to human health or the environment. However, potential future risk remains that can be reduced
if the GER is implemented.

Benefits

This alternative reduces the potential future risk from use of contaminated groundwater on site.
Since the former GE site area is an industrial site, and will remain as such in the foreseeable
future, there are no alternate productive uses and no changes in site value gained from this
alternative.

Timeliness

The time necessary to achieve the remedial goals is indeterminate since this relies on natural
attenuation. The grout curtain should allow off-site areas to achieve the cleanup goals faster
than the time required for Alternative 1.

Non-pecuniary Interests

This alternative will have no 



"Alternative 3") will be used to house the treatment equipment. Underground piping between
the recovery wells and the treatment system building will be installed as shown on Figure 3-1.
The treated groundwater will be discharged into the storm sewer. An application for a National
Pollutant Discharge Elimination System (NPDES) permit will be submitted to USEPA for
approval to discharge the treated groundwater.



Implementability

This alternative will be readily implementable as the remedial technology (pump and treat) is
well proven and no additional deep extraction wells will be required. A new NPDES discharge
permit application will be filed.

MADEP will be required to review and approve the GER prior to implementation. Overall
implementability of this alternative is evaluated as high.

Cost

The cost (present worth value) for this alternative totals approximately $1,787,250. The costs
include a capital cost for treatment system installation of $236,250 and an average annual
OM&M cost of $100,879. The costs for this alternative include the same costs for institutional
controls as presented in Alternative 1. A detailed breakdown of the cost estimate is presented in
Table 3-3.

Risk

The risks posed during implementation of the alternative will be fairly low because no additional
deep bedrock extraction wells will be installed (which could cause further cross-contamination of
the aquifer). Because the contaminated aquifer is not currently used for any purpose, there is no
current risk to human health or the environment. Potential future risk remains because the site
contaminants remain in the subsurface for a long time. However, this risk is reduced if the GER
is implemented on site. The overall risk of Alternative 3 is deemed lower than for Alternative 1
because contaminants are actively removed from the environment and the overall time to achieve
the clean-up goals is expected to be shorter than for the Alternative 1, particularly for off-site
areas.

Benefits

This alternative does not include any immediate benefits other than eliminating the potential
future risk from use of contaminated groundwater on site. Since the site is an industrial site, and
will remain as such in the foreseeable future, there are no alternative productive uses and no
changes in site value gained from this 

be 1be 



3.5 Evaluation of Alternative 4 - Source Removal Via In-Situ Treatment

3.5.1 Description of Alternative 4

This alternative includes the following:

* Treatability study
* Pilot 



Short-Term and Long-Term Reliability

This alternative would not be reliable in achieving the clean-up goals in the short-term, although
they could eventually be achieved via contaminant destruction and natural attenuation. The
reliability of Alternative 4 is highly dependent on the success in distributing the amendments
throughout the impacted zone. This is a limiting factor in that there is no practical way to ensure
that distribution occurs or to even measure the degree to which it has occurred.

Implementability

This alternative would be implementable. However, additional bedrock injection wells will be
required and difficulties related to amendment injection may be encountered. MADEP will be
required to review and approve the GER prior to implementation.

Cost

The cost (present worth value) for this alternative totals approximately $1,366,500. The costs
include a capital cost for injection system installation of $302,500 and an average annual
OM&M cost of $69,190. The costs for this alternative include the same costs for institutional
controls as presented in Alternative 1. A detailed breakdown of the cost estimate is presented in
Table 3-4.

Risk

The risks posed during implementation of the alternative will be moderate because several
additional deep bedrock injection wells will be required, thereby increasing the potential of
cross-contaminating portions of the aquifer (i.e. fracture zones) that were previously
uncontaminated. Amendment injection is typically performed at very low pressures, thereby
minimizing the risks associated with contaminant displacement. Because the contaminated
bedrock and overburden aquifers are not currently used for any purpose, there is no current risk
to human health or the environment. However, potential future risk remains because the site
contaminants remain in the subsurface for a long time. However, this risk is reduced if the GER
is implemented on-site. The overall risk of Alternative 4 is deemed slightly lower than for
Alternative 1 because contaminants are actively removed from the environment and the overall
time to achieve the clean-up goals is shorter than for Alternative 1.

Benefits

This alternative does not include any immediate benefits other than eliminating the potential
future risk from use of contaminated groundwater. Since the site is an industrial site, and will
remain as such in the foreseeable future, there are no alternative productive uses and no changes
in site value gained from this alternative.

L2002-071 3-1 1



Timeliness

The time necessary to achieve the remedial goal is unquantifiable. It is anticipated to be
marginally faster than that of Alternative 1 due to the control of off-site release.

Non-pecuniary Interests

This alternative will have no impacts on site aesthetics.

3.6 Evaluation of Alternative 5 - Source Removal and Control via In-situ Treatment
and Groundwater Extraction and Treatment

3.6.1 Description ofAlternative 5

This alternative includes the following:

" Groundwater recovery using extraction wells
" Underground piping installation
" Ex-situ treatment of the recovered groundwater
" Treatability study
" Pilot test
* 



3.6.2 Assessment of Alternative 5

Effectiveness

This alternative achieves partial mass removal and in-situ treatment of contaminants in the
source area. It also reduces contaminant transport downgradient of the source area. Long-term
application of this alternative would achieve a permanent solution via contaminant removal,
destruction, and natural attenuation. The required duration may still be over 25 years to achieve
the desired clean-up goals due to the long-term DNAPL source and low migration velocities.
Potential exposure to on-site contaminants is reduced only if a GER is placed on the site and
maintained. The effectiveness of Alternative 5 is deemed higher than for Alternatives 3 or 4
(individually) because contaminants are both actively removed and treated in-situ and the overall
time to achieve the clean-up goals is expected to be shorter than for Alternatives 3 or 4.

Short-Term and Long-Term Reliability

This alternative would not be reliable in achieving the clean-up goals in the short-term, although
they would be achieved eventually via contaminant removal and natural attenuation. A small
amount of waste mainly in the form of spent carbon will have to be managed. The reliability of
Alternative 5 is deemed higher than for Alternatives 3 or 4 because contaminants are actively
removed and treated in-situ.

Implementability

This alternative would be readily implementable as the remedial technologies are well proven
and only a small number of bedrock injection wells will be required. An existing groundwater
discharge permit will have to be modified. MADEP will be required to review and approve the

GER prior to implementation. Overall implementability of this alternative is evaluated as high.

Cost

The cost (present worth value) for this alternative totals approximately $2,627,250. The costs
include a capital cost for treatment system installation of $431,250 and an average annual
OM&M cost of $142,874. The costs for this alternative include the same costs for institutional
controls as presented in Alternative 1. A detailed breakdown of the cost estimate is presented in
Table 3-5.

Risk

The risks posed during implementation of the alternative will be low to moderate because fewer
bedrock di413.2617 0 0 1



Benefits

This alternative does not include any immediate benefits other than eliminating the potential
future risk from use of contaminated groundwater. Since the site is an industrial site, and will
remain as such in the foreseeable future, there are no alternative productive uses and no changes
in site value gained from this alternative.

Timeliness

The time necessary to achieve the remedial goal is difficult to determine. However, it is likely to
be shorter than for Alternatives 3 and 4 since contaminants are actively removed and treated in-
situ.

Non-pecuniary Interests

This alternative will have no impacts on site aesthetics.

3.7 Evaluation of Alternative 6 - Source Removal and Control and Downgradient
Restoration via Groundwater Extraction and Treatment

3.7.1 Description of Alternative 6

This alternative includes the following:

" Installation of additional bedrock recovery wells downgradient of TRC-202R (in the
wetlands area)

" Underground piping installation
* Treatment system installation
* Groundwater recovery
" Ex-situ treatment of the recovered groundwater
* Institutional controls
" Long-Term OM&M

Four additional recovery wells in the wetlands area and the on-site existing bedrock well TRC-
202R are assumed for this alternative. For the purposes of this RAP, it is assumed that the wells
will extend 120 feet bgs, comparable to the depth at well TRC-202R where the bulk mass of
VOCs was encountered. Based on the earlier pump tests, it is expected that the total rate of
groundwater recovery will not exceed 30 gpm. The recovered groundwater will be treated
aboveground. The likely treatment process will be air stripping with liquid phase GAC
adsorption for groundwater and steam regenerable GAC for vapor treatment, assuming that the
additional recovery wells are installed in productive, contaminated factures. Refer to Figure 3-1
"Alternative 6" for a preliminary layout of Alternative 6.

A new treatment system building will be installed on site to house the treatment equipment.
Underground piping between the recovery wells and the treatment system building will be
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installed as shown on Figure 3-1. The treated groundwater will be discharged into the storm
sewer. An application for an NPDES discharge permit will be filed.

Institutional controls will be implemented to prevent potential consumption of impacted
groundwater.

This alternative has the following disadvantages:

* Installation will certainly disturb and/or damage the wetlands
" Drilling in bedrock can cause cross-contamination of the aquifer and increase the impacted

zone
* Downgradient bedrock wells may not intercept preferential pathwaye(83 559.8 Te(1entitial )Tj 53i-E601.9 Tm (weri.T1_0 1 Tf 1154 0 0 12 100 573.6 Tm518 Td2(pathwaimaryacted)Tj 11.7 0 0 1618 Td 0 11 fr(zo 71sumption )Tj 13 099 54518 Td (withngradient )Tj 6.1224 54518 Td [(8 Tm (of )Tj ), 60169(imprebymage )Tj 9 0 0 11 264 54518 Td (necessit )Tn )Tj 11.67 0 0 11 30 054518 Td (addi.009 Td nds)Tj /T1_1 1 Tf7054518 Td (dTm (in )Tj 11 0 11 356 95054518 Td (he )Tj 11. )Tj 13 0407054518 Td (borin  Tm (" )Tj /T1_0 1 Tf 11.7 0 0301 100 588.4 Tm (Drilling )Tj 11.2 0 0 11 301 100 5P (oTn )Tj 11.6t )Tj 6.1268  301 100 5dedrock )Tj 11.7 12 0 0 11 240 4  301 100 5not )Tj 11. 11.6 0 0 37  301 100 [(worse 11-82(plumesadvantages:)Tj 113d ( 301 100 58 Tdi.009s4.4 Tm (be )Tj /T1_6 0 0 11 3 0  301 100 5by8.4 Tm (Drilling )T6 0 0 11 375  301 100 5pu (in )Tj 11.66 0 0 11 433  301 100 5aquifer )Tj 11.4 0 04311 301 100 5plumesa 11.6.5 0 0 11 463  301 100 5edrock )Tj4 0 0 11 496  301 100 5aqatacted



GER is placed on the site and maintained. The effectiveness of Alternative 6 is deemed similar
to Alternatives 3 and 4.

Short-Term and Long-Term Reliability

This alternative would not be reliable in achieving the clean-up goals in the short-term, although
they could be achieved eventually via contaminant removal. The reliability of this alternative
will be dependent on the degree of success in intersecting primary fractures that are connected
back to the source area. Sustaining a significant rate of contaminant removal from the
downgradient wells is also a reliability concern given that the flow and contaminant source are
being cut off by the upgradient pumping. Certain amounts of waste, mainly in the form of spent
carbon, will have to be managed. The reliability of Alternative 6 is deemed similar to
Alternative 4.

Implementability

This alternative would be difficult to implement because additional deep extraction wells will be
installed in the wetlands. Special drilling equipment and methods will be required, possibly
including constructing a temporary access area into the wetlands. Approval from the local
Conservation Commission would be required to install wells in the wetlands. A new groundwater
NPDES discharge permit will have to be obtained. MADEP will be required to review and
approve the GER prior to implementation. Overall implementability of this alternative is
evaluated as low.

Cost

The cost (present worth value) for this alternative totals approximately $3,481,250. The costs
include a capital cost for additional recovery wells (up to 120 feet in depth) and treatment system
installation of $706,250, $15,000 for the GER, and an average annual OM&M cost of $179,448.
The costs for this alternative include the same costs for institutional controls as presented in
Alternative 1. A detailed breakdown of the cost estimate is presented in Table 3-6.

Risk

The risks posed during implementation of this alternative will be comparatively high because
installation of deep bedrock extraction wells will be required in the wetlands. Those risks are
related to actual installation of the new wells and underground utilities in the wetlands, and
possible cross-contamination of the bedrock aquifer by the drilling operations. Because the
contaminated bedrock and overburden aquifers are not currently used for any purpose, there is no
current risk to human health or the environment. However, potential future risk remains because
the site contaminants remain in the subsurface for a long period of time. Risk on site is reduced
if the GER is implemented.

L2002-071 3-16



Benefits

This alternative does not include any additional benefits other than eliminating the potential
future risk from use of contaminated groundwater. Since the site is an industrial site, and will
remain as such in the foreseeable future, there are no alternative productive uses and no changes
in site value gained from this alternative.

Timeliness

The time necessary to achieve the remedial goal by this alternative is difficult to determine. It
could be similar to Altematives 3 and 4, but could be shortened if the downgradient wells can
sustain a significant level of contaminant removal.

Non-pecuniary Interests

This alternative will have negative impacts on site aesthetics due to the short-term disturbance of
wetlands.

3.8 Evaluation of Alternative 7 - Source Removal and Control and Downgradient
Restoration via Groundwater Extraction and Treatment and In-situ Treatment

3.8.1 Description of Alternative 7

This alternative includes the following:

" Installation of additional recovery bedrock wells in the wetlands area
* Treatment system installation
" Underground piping
* Groundwater extraction and ex-situ treatment.
* Groundwater treatability study
* Bioremediation pilot test
" Installation of injection system and wells
* Amendments addition
" Institutional controls
" Long-term OM&M.

This alternative is a combination of Alternatives 4 and 6. It retains all features and risks of
Alternative 6 and adds an in-situ bioremediation component (Alternative 4). However,
bioremediation is not expected to significantly change the overall effectiveness of this alternative

compared to Alternative 6 because of the potential oxygenation of the groundwater. The

implementation of this alternative is expected to achieve the following:

" Hydraulically control the chlorinated VOC plume in bedrock at the site

* Reduce the chlorinated VOC mass at the source area
& Reduce the chlorinated VOC mass downgradient from the source area
* Treat the chlorinated VOCs at the source area
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: Improve bedrock groundwater quality in the source area and downgradient
* Improve overburden groundwater quality
* Protect human health by reducing the potential for consumption of impacted groundwater

3.8.2 Assessment ofAlternative 7

Effectiveness

This alternative achieves partial removal and subsequent destruction of contaminants in the
source area and possibly downgradient in the wetlands 



Risk

The risks posed during implementation of this alternative will be comparatively high because
installation of additional deep bedrock extraction wells in the wetlands will be required. Those
risks are related to installation of the new wells and underground utilities in the wetlands.
Because the contaminated aquifer is not currently used for any purpose, there is no current risk to
human health or the environment. However, potential future risk remains because the site
contaminants remain in the subsurface for a long time. However, this risk is reduced if the GER
is implemented.

Benefits

This alternative does not include any immediate benefits other than eliminating the potential
future risk from use of contaminated groundwater. Since the site is an industrial site, and will
remain as such in the foreseeable future, there are no alternative productive uses and no changes
in site value gained from this alternative. There may be certain property value loss in the
wetlands due to restrictions posed by underground utilities.

Timeliness

The time necessary to achieve the remedial goal by this alternative is difficult to determine.
However, it is likely to be similar to Alternatives 3 and 4, but could be shortened if the
downgradient wells can sustain a significant level of contaminant removal.

Non-pecuniary Interests

This alternative will have negative impacts on site aesthetics due to the short-term disturbance of
the wetlands.
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4.0 COMPARISON OF ALTERNATIVES AND ALTERNATIVE
SELECTION

In accordance with current MCP regulations and procedures, this section provides a comparison of

the alternatives evaluated in Section 3 with respect to non-cost and cost elements. Based on this

comparison, an alternative is selected, and future action plans are evaluated.

4.1 Comparison of Alternatives

A summary of the comparison of the alternatives, using each of the analysis criteria used for the

evaluation, is presented in Table 4-1. In addition, a numerical ranking of the alternatives is

presented in Table 4-2. The criteria are ranked using "1" for the worst-case, and "5" for the best-

case. Therefore, the highest total score corresponds to the more favored ("best case") altemative(s).

4.2 Selection of Remedial Alternative

Based on the comparison of the alternatives, and the associated ranking of the comparative

criteria, Alternative 5 (Source Removal and Control via In-situ Treatment and Groundwater

Extraction and Treatment) represents the most appropriate approach and best alternative that will

meet the project objectives of:

* Source containment
* Source removal to the extent practicable
* Groundwater restoration to GW-1 standards to the extent practicable

* Prevention of human consumption of contaminated groundwater

Alternative 5 is more effective, reliable, and implementable when compared to the other

alternatives. It is comparatively moderate in terms of benefits and timeliness, and will result in
relatively Removal73lowrce consumption 9the * 
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letter dated October 30, 2001, the monitoring program "...must determine if groundwater

contamination from the Former GE site is migrating via deep bedrock fractures to the Town of
Reading 



Details of the groundwater monitoring program for system operations analysis will be developed
as part of the Phase IV Remedy Implementation Plan (RIP). In particular, the Phase IV Plan will

outline the monitoring parameters and frequency necessary 





4.3.5 Conclusions

TRC recommends that the existing groundwater monitoring program for the site continue at this
time, as we believe that it provides an effective early-warning system and will provide a reliable
performance monitoring network for the proposed remedial alternative. Refinements to the
monitoring program will be proposed as part of the Phase IV RIP to address the specific needs of
the remediation system selected herein. In addition, TRC will work with MADEP to further
evaluate the optimal location and depth of a bedrock sentry monitoring well at an appropriate
time, thereby enhancing the effectiveness of a regional early warning monitoring network.

4.4 Action 
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Table 2-1: CLU4N Summary of Fractured Bedrock Sites

sl.m Stats Selected Remed" iatechnology Coataminant Notes TBcIObogy
Waiver

Abene PWS Characterzatin Studies [Poet ROD) Goundater Pupand Treat FreonVChtlr. 'Cs in-wel strippi No
CHfon, NJ Active Remedial Phase (> 2 yrs) In-Situ Oxidation CN. VOCa Hdge M , iron catalys ad addion No
Seats AFB Under Construcnon Groundwater Pump and Treat MTE MTGE TPH NO

Caldwel Truckg Active Remedial Phase > 2 yrs Biorenediatfn Chlor. VOCs Zero valert ion PRB, M No
Sasb NC Active Remedial Phase > 2 yrs) Groundwater Pmp and Treat dor. VOCe Possible System replament l bo method NO

Coorado DOT Active Remeda Phase (> 2 yrs) Grludwater Pumnp and Treat & Cdor. VOCa MNA conponent (notaccelwrted) NO
Bioremediation

DOE Y-12 Plant Achwe RemedIal Phase (> 2 yrs) GroundweW Purrp and Treat & Chlor. VCs Deep (300-50& bgs) devery system for No
Birenediaton bougnentation in design phase.

Dabs Dr Active Remedia Phase (> 2 s) In-SIu Oddation Chlor. VOCS F t No-
NY Faciy No Infomnuton Fshin In-Sin ( Water PC", ep te Plyr and Water Floods No

Kansas City, MO Active Remedal Phase (> 2 yrs) Vacuium Vapor Extracgon / In-St Chlor VOCs Chlorine diwide No
OxidaIon

Chester Cty, PA Charactertzaton Studes (Post RODY Groundwater Purand Treat Chlor. VOCS No
Warninster, PA Under Consrucion Groundwater and Treat CEr. VOCs No
Snvrie PCB Site Pre-ROD Characetzaon Studes None PCOs, Chlor. VCs No

PVC Mfr. NJ Pr-ROD Charaderization Studies Fracring PVC,0 7 78 586.3 Tm o1c5 1 Tie16 Tm (No u1e 0 0 6 538 618 Tm3 )T56 
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CIs- 1,2 DCE

PCE TCE

vinyl
Chloride

Ethene

trans 1,2 DCE

1,1 DCE

1,1 DCA

PCE- TETRACHLOROETHANE
TCE- TRICHLOROETHYLENE
DCE- DICHLOROETHYLENE

(VARIOUS FORMS INDICATED BY PREFIX)
DCA- DICHLOROETHANE

:Chloroethane Ethane

Boott Mills South
Foot of John Street
Lowell, MA 01852
(978) 970-5600

FORMER GE SITE
WILMINGTON/NORTH READING, MASSACHUSETTS
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