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Dlea I adies and Genler en:

Mas :achusetts Electric (ampany (MEC) is pleased to submit this report entitled iPhase ill
Ren edial Action Plan. E ner Manufactured G!as Plant (MGP) Site - Upland Portion.
Mal en. Massachusetts, ZTN 3-002, [ier IB Permit 7378, prepared by Haley & Aldrich,
Inc. This report is desigred to meel the Phase [i requirenmnts under the Massachuselts
(ion igency Plan (310 ( MR 40.0000) for the upland portions i fhe l'anner Miden MGIP

Site. The Malden River ouion ofthe Site will be addressed separately. as discussed below.

As NIEC discussed in a reeting with Massachusetts iDpartenI orf Eviromnhenal Protecioll
I MA IP) officials on A il 3, 2003, M IC inends to address the sediments i n the Ma Len
Rivc Iwithin the Site boullndarya s a separte operable unit. MGP-related ilpacisattributable
to th fonner MGP Site lere ident i fied during the Phase 11 assessment in Malden River
secdiIints froma the Mali 1 River ctlvert outfall to a point approximately l,400 feel
dow latream (just north ( f the Medford Sliest bridge). Tie Mystic Valley Development
Conmi ssion MVIVDC), I mgh the TI leCom i City partnership, has formeda a group of panties
with interest in Malden I iver sedime renediation fron the culvert outfall 1 the Atmelil
Eai It 1 Daml,. The TI ect n City partnership formed due to the development of a
telc >riininu cations earch and developmen pi pIk on 200 acres of land si tuated in Malden.
Med od and Everett. Ti is area is located along the Mallen River downstrCam ofthe Seu
bour day. Th MVDC I as partnered wth the Anny Corps of Engineers to conduct a studv
oftli : nmei and e'xcnt f ( sed iecnt impacts and to ideiyI potentia renied al neaSUIeS that
may he undertaket in the area. It is also our understding that MADEP is paricpattg ill
this -ork MEC iscontrbarIng teciical and financial sUpport to this project adintends to
parti ipate in this study Ithich has been designted the Malden River Ecosystem gestoratton
Std l MEC also intend: to panricipate in discussions regarding the remediuion and
rest( rtion ofloe Maldet River. In light ofthese recem developments, remedial nieasures
elal I to Malden River; edimens associated with the MGP Site are best conducted in
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conjunction with the efforts along the large p to ensure consistency and
coordination. Representatives of MADEP endorsed this approach at our April 3 meeting and
during conversations ihereafter.

An original signed copy of transmittal form BWSC-108 is submitted, unbound, along with
this report. A copy of the signed form and this cover letter are provided in Appendix A of
this report along with copies of Notification of Availability letters to appropriate Malden
municipal officials.

Please contact me at 5 08-421-7564 with any questions or comments regarding this matter.

Sincerely,

Michele V. Leone
Senior Environmental Engineer

cc: Gregg Hunt, DEP (without enclosure)
Rick Standish, H&A
File



Massachusetts Department of Environmental Protection BWSC-108
Bureau of Waste Site Cleanup

COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Number

FORM & PHASE I COMPLETION STATEMENT
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H)

A. SITE LOCATION:
Site Name:(optional) Wormer Malrin MrP Si te

Street: 100 Commeripl Street LocationAid: Commeci p Charles Streets

City/Town: Malen ZIPCode: 0214R-5510

RelatedReleaseTrackingNumbersthatthis -ormAddresses: 3-3752 3-11921 3-17448.3-13310 3-13345.3-19253 3-13754

Tier Classification: (check one of the following) E Tier IA Tier IB Tier IC Tier II Not Tier Classified

If a Tier I Permit has been issued, state he Permit Number: Permit No 7372 ffct i Pe rA t 1 2 7 /1 2R 9

B. THIS FORM IS BEING USED TO: (check all that apply)

H Submit a Phase I Completion Statem,mit, pursuant to 310 CMR 40.0484 (complete Sections A, B, C, G, H, I and J).

] Submit a Phase il Scope of Work, puriuant to 310 CMR 40.0834 (complete Sections A, B, C. G, H, I and J).

Submit a final Phase il Comprehensive Site Report and Completion Statement pursuant to 310 CMR 40.0836
(complete Sections A, B, C, D, G, H, I arid J).

Submit a Phase III Remedial Action Plan and Completion Statement pursuant to 310 CMR 40.0862 (compete SectionsA, B, C, G, H, I and J).

H Submit a Phase IV Remedy Inpliemertation Plan, pursuant to 310 CMAR 40.0874 (complete Sections A, B, C, G,

E] Submit an Asilt Construction Rep,)rt. pursuant to 310 CMR 40.0875 (comnplete Sections A, B,.C, G, H, land Jrl -I '.C I I
H Submit a Phase IV Final Inspection R aport and Completion Statement pursuant to 310 CMR 40.0878 and 40.0879

(complete Sections A, B, C, E, G, H, I ar d J). JUL 0 22 3
H Submit a periodic Phase V Inspection & Monitoring Report, pursuant to 310 CMR 40.0892 (complete Sections A, B, C, G, H, I andb)EP

Submit a final Phase V Inspection & Monitoring Report and Completion Statement pursuant to 310 .0893
(complete SectionsA, B, C, F, G,H, and J). 'ITHEA$T PEGIONAL CFF1You must attach all supporting documentation required for each use of form Indicated, Including copies o

any Legal Notices and Notices to Public Officials required by 310 CMR 40.1400.

C. RESPONSE ACTIONS:

Check here if any response action(s) that serves as the basis for the Phase submittal(s) involves the use of Innovative Technologies, (DEP is
interested in using this information to create an Innovative Technologies Clearinghouse.)

Describe Technologies:

D. PHASE |1 COMPLETION STATEMENT:

Specify the outcome of the Phase Il Compreh ensive Site Assessment:

H Additional Comprehensive Response Ations are necessary at this Site, based on the results of the Phase il Comprehensive Site Assessment.

The requirements of a Class A Responsa Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-104) will
be submitted to DEP.

The requirements of a Class B Respons a Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-1 04) will
be submitted to DEP.

H Rescoring of this Site using the Numerical Ranking System is necessary, based on the results of the final Phase It Report.

E. PHASE IV COMPLETION STATEMINT:

Specify the outcome of Phase IV activities:

H Phase V operation, maintenance or moritoring of the Comprehensive Response Action is necessary to achieve a Response Action Outcome.
(This site will be subject to a Phase V Operation, Maintenance and Monitoring Annual Compliance Fee.)

The requirements of a Class A Responsl Action Outcome have been met. No additional operation, maintenance or monitoring is necessary to
ensure the integrity of the Response Action Outcome. A completed Response Action Outcome Statement (BWSC-104) will be submitted to DEP.

The requirements of a Class C Respons a Action Outcome have been met. No additional operation, maintenance or monitoring is necessary to
ensure the integrity of the Response Action Outcome. A completed Response Action Outcome Statement (BWSC-104) will be submitted to DEP.

SECTION E IS CONTINUED ON THE NEXT PAGE

Revised 3130/95 SuQ,,nnrcn orms BWSC-010 tk, a~l and 013 Panel of 3
p

Do Not After This Form



Massachusetts Department of Environmental Protection BWSC-108
Bureau of Waste Site Cleanup

COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Number

FORM & PHASE I COMPLETION STATEMENT
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H)

E. PHASE IV COMPLETION STATEMENT: (continued)

] The requirements of a Class C Respone Action Outcome have been met. Further operation, maintenance or monitoring of the remedial action is
necessary to ensure that conditions are maintained and that further progress is made toward a Permanent Solution. A completed Response Action
Outcome Statement (BWSC-1 04) will be submitted to DEP.

Indicate whether the operation and maintenance will be Active or Passive. (Active Operation and Maintenance is defined at 310 CMR 40.0006.):

0 Active Operation and Maintenanco 0 Passive Operation and Maintenance

(Active Operation and Maintenance mas the Site subject to a Post-RAO Class C Active Operation and Maintenance Annual Compliance Fee.)

F. PHASE V COMPLETION STATEMENT:

Specify the outcome of Phase V activities:

The requirements of a Class A Response Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-104) will
be submitted to DEP.

F] The requirements of a Class C Response Action Outcome have been met. No additional operation, maintenance or monitoring is necessary to ensure
the integrity of the Response Action Out:ome. A completed Response Action Outcome Statement (BWSC-1 04) will be submitted to DEP.

S The requirements of a Class C Response Action Outcome have been met. Further operation, maintenance or monitoring of the remedial action is
necessary to ensure that conditions are maintained and that further progress is made toward a Permanent Solution. A completed Response Action
Outcome Statement (BWSC-104) will bD submitted to DEP.

Indicate whether the operation and mairtenance will be Active or Passive. (Active Operation and Maintenance is defined at 310 CMR40.0006.):

Q Active Operation and Maintenance Q Passive Operation and Maintenance

(Active Operation and Maintenance malkes the Site subject to a Post-RAO Class C Active Operation and Maintenance Annual Compliance Fee.)

G. LSP OPINION:

I attest under the pains and penalties of perjur that I have personally examined and am familiar with the information contained in this transmittal torm,
including any and all documents accompanying this submittal. In my professional opinion and judgment based upon application of (i) the standard of care
in 309 CMR 4.02(1), (ii) the applicable provisi:ns of 309 CMR 4.02(2) and (3), and (iii) the provisions of 309 CMR 4.03(5), to the best of my knowledge,
information and belief,

> if Section B indicates that a Phase I, Phase Il, Phase i, Phase lVor Phase V Completion Statement is being submitted, the response action(s)
that is (are) the subject of this submittal (i) has (have) been developed and implemented in accordance with the applicable provisions of M.G.L. c. 21E and
310 CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in the applicable provisions of
M.G.L. c. 21E and 310 CMR 40.0000, and (ii i complies(y) with the identified provisions of all orders, permits, and approvals identified in this submittal;

> if Section B indicates that a Phase I Scope of Work ora Phase IVRemedylmplementation Plan is being submitted, the response action(s) that is
(are) the subject of this submittal (i) has (havel been developed in accordance with the applicable provisions of M.G.L. c. 21E and 310 CMR 40.0000, (ii) is
(are) appropriate and reasonable to accomplih the purposes of such response action(s) as set forth in the applicable provisions of M.G.L. c. 21 E and 310
CMR 40.0000, and (iii) complies(y) with the identified provisions of all orders, permits, and approvals identified in this submittal;

> if Section B indicates that an As-Built Construction Report or a Phase V Inspection and Monitoring Report is being submitted, the response
action(s) that is (are) the subject of this submittal (i) is (are) being implemented in accordance with the applicable provisions of M.G.L. c. 21E and 310 CMR
40.0000, (ii) is (are) appropriate and reasona Dle to accomplish the purposes of such response action(s) as set forth in the applicable provisions of M.G.L. c.
21E and 310 CMR 40.0000, and (iii) complies(y) with the identified provisions of all orders, permits, and approvals identified in this submittal.

I am aware that significant penalties may result, including, but not limited to, possible fines and imprisonment, if I submit information which I know to be
false, inaccurate or materially incomplete.

Check here if the Response Action(s) or which this opinion is based, if any, are (were) subject to any o or approval(s) issued by
DEP or EPA. If the box is checked, you VIUST attach a statement identifying the applicable provisions fV OF

LSPName: Rir-hare P Stanrdish LSP#: 2427 Stamp:
E JCHARD .

Telephone: ?(O-?2-q400 Ext.: .1.50 P.
STANOISH

FAX:(optional) 60.-2 2-5 N\ 2242

/STER
Signature: $/4 paQi

Date: _ _AAug__ _ A __

Revised 3/30/95 Supersedes Forms BWSC-010 (in part) and 013 Page 2 of 3
Do Not Alter This Form



* Massachusetts Department of Envig.* ital Protection BWSC-108
Bureau of Waste Site Cleanup

COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Number

FORM & PHASE I COMPLETION STATEMENT
Pursuant to 31) CMR 40.0484 (Subpart D) and 40.0800 (Subpart H)

H. PERSON UNDERTAKING RESPONSE ACTION(S):
NameofOrganization: Massachusert s Elertric Company

NameofContact: Michele V. Tenie Title: Senior Environmental Engineer

Street: 55 Bearfoot Road

City/Town: Northhorough State: MA ZIPCode: 01592-0000

Telephone: 50R-421 -'7rr4 Ext.: - FAX: (optional) 508-890-4706

l Check here if there has been a change in the person undertaking the Response Action.

1. RELATIONSHIP TO SITE OF PERSON UNDERTAKING RESPONSE ACTION(S): (check one)

RP or PRP Specify: Q Owner (D Operator Q Generator 0 Transporter Other RP or PRP: Party of Interest

Fiduciary, Secured Lender or Municipality with Exempt Status (as defined by M.G.L c. 21 E, s. 2)

E] Agency or Public Utility on a Right of Way (as defined by M.G.L. c. 21 E, s. 5())

E] Any Other Person Undertaking Responne Action Specify Relationship:

J. CERTIFICATION OF PERSON UNDERTAKING RESPONSE ACTION(S):

1, Mi hele V. Leone , attest under the pains and penalties of perjury (i) that I have personally examined and am
familiar with the information contained in this submittal, including any and all documents accompanying this transmittal form, (ii) that, based on my inquiry
of those individuals immediately responsible "or obtaining the information, the material information contained in this submittal is, to the best of my
kr owledge and belief, true, accurate and complete, and (iii) that I am fully authorized to make this attestation on behalf of the entity legally responsible for
th s submittal. I/the person or entity on whose behalf this submittal is made am/is aware that there are significant penalties, including, but not limited to,
possible fines and imprisonment, for willfully submitting false, inaccurate, or incomplete information.

By: \ Title: Seninr Environment-al Engineer
(signature)

For Massachuset-ts Elertrir Comnany Date: 0 t
(print name of person or entity recorded in Section H)

Enter address of the person providing certification, if different from address recorded in Section H:

Street:

City/Town: State: - ZIP Code:

Telephone: Ext.: - FAX: (optional)

YOU MUST COMPLETE ALL RELEVANT SECTIONS OF THIS FORM OR DEP MAY RETURN THE DOCUMENT AS
INCOMPLETE. IF YOU SUBMIT AN INCOMPLETE FORM, YOU MAY BE PENALIZED FOR MISSING

A REQUIRED DEADLINE.

Revised 3/30/95 Supersedes Forms BWSC-010 (in part) and 013 Page 3 of 3
Do Not Alter This Fonr
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I. INTRODUCTION

This Remedial Action Plan (RAP) presents results of the Phase III - Identification, Evaluation
and Selection of Comprehensive Remedial Action Alternatives (Phase III) for the upland
portion of the Former Malden Manufactured Gas Plant (MGP) Site (the Site), in Malden,
Massactiusetts. The upland portion of the Site includes the terrestrial land parcels of the Site
and excludes the Malden River downstream of the Malden River Culvert outfall to a point
approximately 1,400 feet downstream gust north of the Medford Street Bridge). The Malden
River pcrtion of the Site will be addressed separately, as described below in Section 1.02. A
Site Locus is presented on Figure 1. This report was prepared by Haley & Aldrich, Inc.
(Haley & Aldrich), on behalf of Massachusetts Electric Company (MEC), in accordance with
310 CMR 40.0850.

1.01 Site Background Information

Portiom of the former Malden MGP Site have been the subject of Massachusetts Contingency
Plan (MICP) 310 CMR 40.0000 compliance activities since 1988 under various Massachusetts
Department of Environmental Protection (MADEP) Release Tracking Numbers (RTNs). This
Phase III report presents a Remedial Action Plan for those portions of the former Malden
MGP which have not yet received a Response Action Outcome (RAO) or a Waiver
Completion Statement, and are not subject to MCP investigations by others. The Phase II -
Comprehensive Site Assessment (Phase II) for the Site identified Significant Risks to human
health, public welfare and the environment. This Phase III Feasibility Study was completed to
evaluate Remedial Action Alternatives to address the risks.

The former Malden and Melrose Gas Light Company (MMGLC) and its successor, the
Mystic Valley Gas Company (MVGC), operated an MGP on approximately 16.4 acres of land
in the vicinity of the intersection of Commercial and Charles Streets in Malden, Massachusetts
from approximately the mid to late 1800s to the late 1960s/early 1970s. The former holdings
occupied land currently referred to as Parcels A, B, C, D and E, as shown on Figure 2. Each
of these properties was redeveloped following the decommissioning of the former MGP
facilities in the 1970s, and is now owned and controlled by various parties. MEC does not
own any of the Site parcels. As indicated above, this Phase III report addresses portions of
the former MMGLC/MVGC holdings that have not been addressed by other parties, or that
have no had a Waiver Completion Statement or RAO filed at MADEP. Therefore, Parcel C
(RTN 3-2066), which has a Waiver Completion Statement dated 14 September 1990, and the
portion of Parcel D (i.e., Callahan Park) subject to an existing Partial RAO (RTN -13310),
are not included in this Phase III assessment.

1.02 Site Description and Location

The Former Malden MGP Site boundary and parcels of the MGP that are included in this
Phase II are identified on Figure 3 and are described below:

* Parcel A: Parcel A is a rectangular shape parcel of approximately 2.8 acres, occupied
by six buildings (51 through 109 Commercial Street) on five separate properties. The

.e 1



parcel is bounded by Commercial Street to the east, Charles Street to the south, a
Massachusetts Bay Transit Authority (MBTA) Orange Line railroad right-of-way to
the west, and Centre Street to the north. Current occupants of the buildings on Parcel
A include: a dental office, a chiropractic office, a muffler shop, a retail liquor store,
an automobile body shop, a rental car garage and office, a tanning/nail salon, and
medical offices.

* Parcel B: Parcel B is a rectangular shape parcel of approximately 2 acres, bounded by
Charles Street to the north, Commercial Street to the east, Adams Street to the south,
and the MBTA Orange Line railroad right-of-way to the west. The single existing
building on the parcel is located at 129 Commercial Street and is currently occupied
by a commercial bakery.

N Parcel D: The portion of Parcel D that was not included in the Partial RAO
(RTN-13310) includes an area associated with the former Governor House. The
Governor House was an historic MGP facility that housed equipment used to regulate
Ihe flow of manufactured gas from gas holders on Parcel D into the gas distribution
system located in the Charles Street right-of-way. Contamination associated with the
former Governor House has been detected in soil in the eastern corner of the southern
parking lot and in groundwater in monitoring wells located in the Charles Street right
of way. This area includes approximately 3,670 square feet (sf), or 0.08 acres, of the
southern Callahan Park parking lot, and a 267-ft length of Charles Street, covering an
area of approximately 13,970 sf, or 0.32 acres. The Phase II Risk Characterization
demonstrated a condition of No Significant Risk for this area. Furthermore, impacted
soil in the Governor House area is not considered to be an ongoing source of
contamination. Therefore, remedial alternatives are not developed or evaluated for
1he Governor House contamination in this Phase III RAP. The Governor House
portion of the Site will be incorporated into the existing Grant of Environmental
Restriction for Callahan Park, which specifies use restrictions (i.e., property use is
maintained as a public park) and provides procedures and limitations for excavation of
mpacted soil. A Class B-I RAO is anticipated for the Governor House portion of the
Site.

* Parcel E: Parcel E is approximately 6.6 acres in size located at 100 Commercial
Street, and is bounded by Commercial Street to the west, Charles Street to the south,
Centre Street to the north, and the culverted Malden River to the east. The parcel is
currently owned and occupied by the Boston Gas Company d/b/a KeySpan Energy
Delivery New England (KeySpan) (formerly Boston Gas Company [BGC]), which
actively uses the property as an Operations and Vehicle Maintenance Center.

* Malden River Sediments: Sediments in the reach of the Malden River between the
Malden River Culvert outfall and a point approximately 1,400 ft downstream of the
culvert outfall are also part of the Site, as outlined in the Phase II and is shown on
Figure 3. The Malden River sediment portion of the Site will be excluded from this
Phase III RAP for several reasons. As discussed with MADEP during a meeting held
on 3 April 2003, MEC intends to address the sediments in the Malden River as a
separate operable unit (OU). Additionally, the Mystic Valley Development
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Commission (MVDC), through the TeleCom City partnership, has formed a group of
parties with interest in Malden River sediment remediation. The Telecom City
iartnership formed due to the development of a state-of-the-art telecommunications
research and development park on 200 acres of land situated in Malden, Medford and
Everett. This area is located along the Malden River downstream of the Site
boundary. The MVDC has partnered with the Army Corps of Engineers to conduct a
study of the nature and extent of sediment impacts and to identify potential remedial
measures that may be undertaken in the area. MEC is contributing technical and
financial support to this project and intends to participate in this study, which has been
designated the Malden River Ecosystem Restoration Study. MEC also intends to
participate in discussions regarding the remediation and restoration of the Malden
River. In light of these recent developments, remedial measures related to Malden
River sediments associated with the former Malden MGP Site would be more efficient
and cost-effective if conducted in conjunction with these efforts along the larger
portion of the River.

The boundary of the Site was delineated in the Phase II Report, based on the areas where
MGP residuals have come to be located and have not been addressed by other parties, or that
have not had a Waiver Completion Statement or RAO filed at MADEP. The lateral limits of
the disp:>sal Site incorporate property lines where appropriate, and the extents of identified
MGP-residuals where they extend beyond property lines. The boundaries of the former
Malden MGP disposal Site are shown on Figure 3.

The Site is located within a designated Industrial Zone, and there are no institutions located
within !00 ft. There are numerous residences within 0.5 miles of the Site and it is estimated
that greater than 1,000 people live within 0.5 miles of the Site. The Site is not located within
3,000 ft of an Area of Critical Environmental Concern. Based on area groundwater use and
recharge. characteristics, the Site is not included within areas designated Zone I, Zone II, or
Zone IIL A MADEP Natural Resources Map for the Site is provided on Figure 4.

1.03 Phase III Purpose and RAP Overview

This Phase III evaluation assesses the feasibility of implementing various Remedial Action
Alterna:ives for detected contamination at the Site. It considers those alternatives suited to the
Site contaminants, affected media, and physical characteristics of the detected contaminants.
The assessment is designed to select a Remedial Action Alternative that is a likely Permanent
Solution, or to demonstrate that if a Permanent Solution is not feasible at this time, then
implem.ntation of a Temporary Solution is a more timely and cost-effective approach.

This RAP provides supporting information on the identification, evaluation, and selection of
Remedial Action Alternatives for the Site. In order to develop and compare remedial
alternatives for the Site, the Site is divided into Remedial Action Alternative Areas, based on
property boundaries and types of contamination identified. For each Area, this Phase III
provides a summary of Site conditions, remedial objectives, and presents results of an initial
screening of remedial technologies, which is designed to select the most feasible technologies
for further evaluation. Remedial alternatives, consisting of remedial technologies that were
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retained in the initial screening, are then developed. Remedial alternatives are evaluated in
the detailed evaluation for each Area, and Remedial Action Alternatives are selected.
Selected remedial alternatives are presented in Section X, and a schedule for Phase IV of the
project - Implementation of the Selected Remedial Action Alternative (Phase IV), is presented
in Section XI.

1.04 Summary of Disposal Site History and Regulatory Status

Contamination present at the Site is the result of over 100 years of MGP operations, and has
impacted soil, groundwater, indoor air, sediments and surface water to varying degrees.
Currenly, a Release Abatement Measure (RAM) is ongoing to address the presence of
benzene, toluene, ethylbenzene, xylene (BTEX), styrene and naphthalene contaminants in
indoor air at the 129 Commercial Street property. An Immediate Response Action (IRA) is
ongoing to address the migration of dense, non-aqueous phase liquid (DNAPL) phase coal tar
into subsurface culverts that cross the Site. The Phase II for the Site was submitted to
MADEP on 28 December 2001.

A. MGP Processes Used at the Site

The three known methods of manufactured gas production are coal gasification (CG),
carbureted water gasification (CWG), and oil gasification (OG). Although available
information indicates that the former Malden MGP used all three production methods
over the duration of its operational history, the primary method of gas production was
the CWG method, in which gas was manufactured from coal, steam and oil. Gas
produced using this method involved production of raw gas by forcing steam through
a bed of hot, coked coal. This raw gas was enriched in a carburetor, where nozzles
injected oil onto the hot bricks of the carburetor, causing the oil to volatilize and

' further enrich the gas. The enriched gas was then sent through the condensing
process, during which tars and oils were removed from the gas through several
cooling steps. Purification was the final polishing step in the gas production process,
in which gaseous impurities such as volatile organic compounds (VOCs), hydrogen
cyanide, and hydrogen sulfide were removed from the gas in purification boxes. The
product gas was then stored in large holders until it was sent into a system of
distribution pipes to be distributed to customers for use. The process of manufactured
gas production resulted in the generation of several waste products, such as tars, oils,
lime wastes, spent iron oxides and cyanide.

B. Land Use and History

Earliest available information indicates that the Malden and Melrose Gas Light
Company (MMGLC) erected a gas manufacturing facility in 1855. The facility, which
consisted of coal storage buildings, retort houses, a gas manufacturing building, a
condenser house and limited purification facilities on Parcel A, reportedly began
providing street lighting by gas on 1 November 1855. The locations of historic MGP
facilities are shown on Figure 5. As the plant capacity was expanded, operations
spread to Parcels B, D, and E. Parcel B was used primarily for gas purification
operations, Parcel D was primarily used for storage and distribution of gas product,
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and Parcel E was the location of the second condenser house, a series of above-
ground storage tanks, and various tar handling facilities. By 1920, a tar refinery, the
American Tar Company, was built on the northern portion of Parcel A.

The MGP continued to operate as MMGLC through 1953. At that time, the MMGLC
reorganized and became the Mystic Valley Gas Company (MVGC). Manufactured
gas production continued through the early 1960s, at which time natural gas became
available and quickly became the primary gas source for MVGC. By 1963, the gas
manufacturing building, the retort house, and the tar storage tanks associated with the
American Tar Company on Parcel A were removed. Although pipeline natural gas
had become the predominant form of gas supplied to customers by the 1960s, limited
production of manufactured gas continued to supplement natural gas supplies during
peak demand periods until the early 1970s. In the mid-1970s, remaining MGP -
iffiliated structures were removed from Parcel A, and the Malden Redevelopment
Authority (MRA) subdivided the parcel into four properties: 51 Commercial Street,
77 Commercial Street, 99-103 Commercial Street, and 105-109 Commercial Street.
Development of Parcel A took place between 1973 and 1980. Gas purification
operations on Parcel B ceased in the 1960s, and in the mid to late 1970s, previously
existing structures were demolished and a two-story cinder block building,
129 Commercial Street, was constructed. Gas storage features remained on Parcel D
until approximately 1975, when the gas holders, governor house and support facilities
were dismantled. A partial RAO was submitted to MADEP on 10 January 1997 for
the majority of Parcel D, and currently is the location of Callahan Park. The
remaining portion of Parcel D (i.e., the governor house area) is addressed in this
report. Parcel E remained as the primary operational property for MVGC. In the
early 1960s gas manufacturing facilities on Parcel E were replaced by an office and
storage building, which was constructed on Parcel E east of the control building. In
the early 1970s, several structures associated with the gasification process were still
present on the parcel. In the mid-1970s (approximately 1973-1975) remaining MGP-
affiliated structures were razed except for the control building and the office and
storage building. Following demolition of the former MGP structures in the mid-
1970s, the office and storage building was expanded and extended north. This
building is now known as the operations building. A maintenance garage was also
constructed at this time. KeySpan Energy Delivery New England purchased the
Boston Gas Company in 2000, and took ownership of Parcel E.

C. Historic Re-routing of Surface Water Bodies on the Site

The former Malden MGP was located in a marshy area, partially underlain by an
organic peat deposit, and was transected by two meandering water bodies. The
historic courses of the two surface water bodies on the Site, the Malden River and the
West End Brook, are shown on Figure 5. Historically, the Malden River meandered
through the Site, flowing generally from the north to south side of the Site, along the
eastern Site boundary. The West End Brook, a tributary to the Malden River, flowed
across the center of the Site from west to east before emptying into the Malden River.
The West End Brook was straightened sometime in the mid 1900s, and in
approximately 1970 - 1971, the Metropolitan District Commission (MDC)
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constructed a culvert to convey the West End Brook across the Parcel E portion of the
Site. In 1977, the Malden River culvert was constructed. Both culverts are supported
on wooden piles driven through the organic deposit to provide structural support, and
are underlain by a layer of crushed stone, approximately 3 ft thick.

D. Current Regulatory Status

Investigations began at the Site in 1988, when the presence of coal tar contamination
was first confirmed through subsurface borings. The Site was initially designated a
Tier II Site under the MCP and assigned Release Tracking Number (RTN) 3-0362. In
1997, as part of a Tier II extension submittal, a series of RTNs, assigned due to
:releases or possible releases of contaminants associated with the former Malden MGP
facility, were linked with RTN 3-0362. These include the following: RTN 3-3757
(Parcel B, 129 Commercial Street), RTN 3-13310 (portion of Parcel D (Callahan
Park) not subject to RAO), and RTN 3-13345 (Charles Street Immediate Response
Action Completion, linked with RTN 3-133 10). Therefore, RTN 3-0362 is being
used to manage MCP compliance activities for the former holdings of the Malden
MGP facility that have not been addressed by other parties, or that have not had a
Waiver Completion Statement or RAO filed at MADEP. Annual Tier II Extension
Submittals were made from 1996 to 1999. In August 1999, a Tier Re-
Classification/Tier IA Permit Application was submitted to MADEP, and Tier TB
Permit 7378, with an effective date of 28 December 1999, was subsequently issued by
MADEP. A Phase II Comprehensive Site Assessment was submitted to MADEP on
28 December 2001. Notice of delay letters for the Phase III Report were submitted to
MADEP on 27 December 2001, 31 October 2002 and 27 February 2003, indicating
that a Phase III Report for the Site would be submitted on or before 1 November
2002, 28 February 2003 and 27 June 2003 respectively. These extensions were
requested to allow MEC more time to evaluate remedial options for this complicated
Site and to discuss the recommended remedial action alternatives with City officials
and impacted property owners.

Currently, two response actions are ongoing at the Site. One is a RAM, which was
initiated in November 1998 to address the elevated concentrations of benzene,
toluene, ethylbenzene, xylenes, styrene and naphthalene contaminants (BTEXSN)
detected in indoor air at 129 Commercial Street. The RAM has involved continued
indoor air testing, evaluation of options to mitigate the migration of VOCs from
beneath the building floor slab to indoor air, pilot testing of floor sealing activities and
the installation of a pilot scale, sub-slab ventilation system at 129 Commercial Street.
Recent updates to the risk characterization for 129 Commercial Street incorporating
the 2002 and 2003 indoor air data indicate a condition of No Significant Risk
associated with indoor air contaminants under current use.

Another ongoing response action is an IRA, which was initiated in May 1996 in
response to observations of an intermittent sheen on the surface of water flowing in
the MR Culvert, which borders the Site. Specifically, the IRA has consisted of work
to prevent migration of coal tar into the culverts including the sealing of expansion
joints and weep holes in the culverts, and re-lining of catch basins and storm drain
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pipes that lead to the culverts. As part of the IRA, a pilot DNAPL extraction well
designated RW-1 was installed adjacent to the WEB Culvert in the central portion of
Parcel E in fall of 2001 to remove DNAPL from the Site subsurface and to reduce the
potential for DNAPL migration into the culverts. Approximately 670 gallons of
mobile DNAPL have been extracted from RW-1 between October 2001 and May
2003. In addition, joint sealing and drain line lining activities conducted between
1997 and 2002 have resulted in a significant reduction in observed sheens in the
culvert. The 2003 annual culvert inspection activities conducted in June 2003
indicated no observed coal tar sources (i.e., leaking joints, drain line outfalls, etc.) to
the culvert and no sheens on the water surface in the culvert. Based on these
observations, IRA activities appear to have resulted in the mitigation of sheens to
.surface water in the culvert, and it is anticipated that an IRA Completion Report will
be prepared and submitted to MADEP in the near future closing out the IRA.

7



II. DISPOSAL SITE CONDITIONS

The Phase II Comprehensive Site Assessment compiled and summarized data collected during
Phase I and II investigations at the Site. This section presents a summary of the information
presented in the Phase II, including a summary of the Site geology and hydrogeology, Site
physical conditions, the nature and extent of contamination at the Site (including a summary
of the conceptual Site model), and the extent of MCP Upper Concentration Limit (UCL)
exceedences at the Site.

2.01 Summary of Site Geology and Hydrogeology

A. Subsurface Stratigraphy

The fate and transport of contaminants at the former Malden MGP Site is significantly
influenced by subsurface geologic conditions. The following stratigraphic units have
been identified (listed from surface downward), and are indicated on subsurface
profiles in Figures 6A through 6G.

in Miscellaneous Urban Industrial Fill: Miscellaneous urban industrial fill at the
Site typically contains fine sand and gravel with ash, cinders, slag, wood,
steel, glass, plaster, asphalt, concrete and other urban debris. Fill thickness
varies across the Site from approximately 2.5 to 17.5 ft.

11 Organic Deposits: A layer of organic silt and peat underlies the urban fill in
most of the northern portion of the Site. Where encountered, fibrous peat
generally overlies and grades into organic silts. The top of the organic
deposit, where present, is located approximately 4 to 17.5 ft below ground
surface. This peat/organic silt zone is not continuous across the Site. It was
not encountered in borings and test pit explorations on the southern portion of
the Site, and the surface of the organic deposit is irregular in areas where it is
encountered. The approximate extent of the organic deposit and a top of
organic contour plan is shown on Figure 7. As can be seen in this figure, the
organic deposit contains depressed areas, which generally coincide with the
locations of former meandering stream channels associated with the location
of the former West End Brook and Malden River, and the current location of
the WEB and MR culverts. Additionally, some depressed areas coincide with
historic MGP structures, indicating that a portion of the organic deposit may
have been removed during construction of foundations for these structures.
The organic deposit is believed to have been excavated from beneath the
MBTA right-of way for geotechnical reasons during the construction of the
railroad tracks in the early 1800s.

U Upper Sands: Medium to fine sand, coarse sandy gravel and gravelly sands
generally lie below the organic deposits, ranging in thickness from
approximately 2 to 6 ft. In areas where the organic deposits are not present,
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the sand deposits appear thicker, ranging from approximately 8 to 17 ft. Thin
silty sand seams are sometimes found within the sand or sandy gravel zones.

* Silty Fine Sands: Silty fine sands typically underlie the upper sand unit across
the Site, ranging in thickness from approximately 15 ft to greater than 50 ft.
The silty sands appear to become finer with depth; the presence of silt and
clay seams also increases with depth within the silty sand unit.

* Clay: Silty clay was observed sporadically in test borings and was not
identified in a continuous layer at depth. The clay deposits were typically
observed in seams at the bottom of the silty fine sand unit.

* Lower Sands: In isolated areas, a lower unit of coarse sandy material was
observed beneath the silty fine sands and clay seams.

The alternation of sand units to silty fine sands to clay, then back to sands followed by
ner gradations likely repeats and extends below the depth of penetration of

explorations conducted by Haley & Aldrich to the top of bedrock. The stratigraphy is
consistent with the interpretation of the Site location in the path of glacial meltwater
streams emptying into an emergent shallow marine environment. Variations in
meltwater stream energies likely account for silty seams within the sand units, sandy
and clay seams within the silty sands, and sand seams within the clay units.

B. Hydrogeology

The former Malden MGP Site is located in a level, industrial setting. Two culverted
5urface water bodies, the WEB Culvert and the MR Culvert, flow across and adjacent
to the Site. Shallow hydrogeologic conditions are primarily controlled by these
culverted surface water bodies and the organic peat and silt deposits, which are
present in the northern portion of the Site. The organic deposit represents the surface
of an historic marsh; where encountered, the top of the organic deposit is located
approximately 4 to 17.5 ft below the Site ground surface. The interpreted limits and
elevation contour of the top of the organic deposit layer are presented on Figure 7.
Low areas in the organic deposit are observed along historic river channels, and in
2reas in which the organic deposit was partially removed during construction
activities, such as the vicinity of the former holder on Parcel A and along the culverts.
The depth to groundwater ranges from approximately 4.5 to 12 ft below ground
surface at the Site.

Water level measurements have been collected from Site monitoring wells to estimate
the direction of shallow groundwater flow on the Site. Locations of Site monitoring
wells, soil borings and test pits are shown on Figure 8. The shallow groundwater
flow direction is significantly influenced by the organic deposit and the river channels
cn the Site. December 2000 water level measurements, which are representative of
typical groundwater observations, are presented on Figure 9. As shown on this
figure, the shallow groundwater flow direction varies across the Site, but generally is
toward the south, parallel to flow in the Malden River. Ultimately, shallow
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groundwater is believed to flow into the Malden River, which drains the area in which
tie Site is located and discharges into the Mystic. River. The water table is generally
flat, although along the eastern boundary of the Site, hydraulic gradients are steeper,
as groundwater drains into the channel of the Malden River. The WEB Culvert
strongly influences groundwater flow near the center of the Site, as groundwater
appears to drain into the WEB or the crushed stone backfill placed beneath the WEB
culvert. Comparison of the groundwater levels in Figure 9 with the organic deposit
elevations and contour on Figure 7 suggests that groundwater elevations are slightly
elevated in areas of the Site that are underlain by high spots in the organic deposits.
'These areas are on Parcels E and A north of the WEB culvert (e.g., Bi-OW, B6-OW,
and B15-OW), and on Parcel E south of the WEB culvert (e.g., B112B-OW,
E106-OW, and B104-OW). Shallow groundwater in these areas of the Site appears to
be prevented from flowing downward into deeper formations. Rather, shallow
groundwater appears to flow from high areas in the organic deposit to lower areas,
such as the WEB and MR culverts.

Deep groundwater is separated to some degree from shallow groundwater in the
narthern portion of the Site by the organic deposit. Deep groundwater elevations
based on August 2001 measurements are presented in Figure 10. As shown in
Figure 10, deep groundwater flow at the Site is generally toward the south-southwest,
parallel to the flow of the Malden River. Ultimately, deep groundwater most likely
discharges into either the Malden or Mystic River, which drain the area in which the
Site is located and discharge into Boston Harbor. However, the gradient is very
slight, and the flow direction may vary with slight fluctuations in hydraulic head.

Measurements of shallow and deep groundwater elevations indicate that in some areas
of the Site, strong downward gradients exist across the organic deposit. This may
indicate a hydraulic separation in these areas between the upper and lower formations
due to the presence of the organic deposit. Where it is present and has not been
punctured (i.e., through construction, excavation, etc.), the organic deposit may
prevent shallow recharge from flowing into the deeper formations. At three
monitoring well locations along the WEB and MR culverts, either slightly upward or
weak downward gradients are observed, indicating that the organic deposit may not be
continuous near these wells. During construction for the culverts, the organic
deposits may have been excavated and removed, or punctured by the wooden piles
that were driven to support the culvert. As a result, shallow groundwater is allowed
to flow into the deeper formations, relieving the vertical gradient at these locations.

2.02 Site Physical Conditions and Current Use

The Site is located in a developed, urban area, on land that has an industrial history that
extends over the past 150 years. MGP facilities that previously existed on the Site were
demolished between 1965 and 1980, and new buildings were built on the Site. Little is known
about the demolition practices, however Site information presented in the Phase II suggests
that contamination remains beneath some of the buildings on the Site.
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A. Structures and Current Use

As mentioned above, the Site is located in a heavily developed, commercial/industrial
area. As a result, there are nine major structures present at the Site, located on eight
different properties. Buildings on the Site are shown on Figure 8. Table I lists the
significant structures on the Site by Parcel.

TABLE I
SITE STRUCTURES AND CURRENT PROPERTY USE

Parcel Property Structure
Designation Address Description Current Property Use
Parcel A 51 Commercial 1-story building Dentist Office/ Chiropractor

St. Office
65 Commercial 1-story building Muffler Service Station
St.
77 Commercial 1-story building Liquor Store
St.

89 Commercial 1 -story building Auto Body Service Station
St.

99-103 Commercial Auto Glass, Tanning Salon,
Street; 2-story and Print Shop

99-109 building
Commercial St. 105-109 Medical Offices

Commercial Street;
2-story building

Parcel B 129 2-story commercial Commercial Bakery and
Commercial St. building with office Frozen Storage

space

Parcel C Callahan Park None; Asphalt Parking
pavement

Parcel E 100 Commercial 1-story building; KeySpan Operations Facility
St. office and

mechanical space
100 1 -story KeySpan Vehicle
Commercial St. Maintenance Maintenance Facility

IGarage I

B. Utilities

Utilities located on the Site include gas, water, electric, sewer, and drain pipes,
Iccated both beneath the city streets as well as on private property. Some of the more
notable utilities include a 24-in. high-service Metropolitan Water Resources Authority
(MWRA) water pipe that is located beneath Charles Street, as well as gas, electric,
water and sewer utilities servicing buildings located on Parcels A, B and E.
Additionally, the WEB Culvert transects the 100 Commercial Street property, and the
MR Culvert lies along the eastern border of the 100 Commercial Street property. It is
also expected that some historic, abandoned gas lines remain from the operational
facilities of the historic MGP.
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Characterization is located in Appendix B andethe findings of the Risk Characterization are
summarized in Section 2.05.

A. Results of Soil Sampling Conducted at 51 Commercial Street

The additional investigations conducted on the 51 Commercial Street property
included the collection of three soil samples, which were collected from 0 to 3 ft
below ground surface. Locations of the additional samples are shown on Figure 11,
End analytical results are presented in Table II. The sample results indicate slightly
elevated concentrations of PAHs and extractable petroleum hydrocarbon (EPH)
aromatic compounds; however UCL exceedences were not observed, and the
concentrations are generally lower than those observed in MGP-impacted soils on the
Site. VOC, metals, and cyanide concentrations were below applicable MADEP
standards. The concentrations observed in the three new samples were averaged
together with the one previous sample result from 0 to 3 ft below ground surface to
re-calculate the risk to the current landscaper on this property. Analytical data reports
for the new samples are included in Appendix C.

B. Results of Supplemental Investigations at 129 Commercial Street

As was outlined in the Phase II and below in Section 2.04D, a source of BTEXSN
compounds likely exists in soil beneath the two-story commercial building located at
129 Commercial Street. Additional investigations were conducted at the
129 Commercial Street Property to more closely estimate the location of the source of
contamination as well as more closely define the nature and extent of contamination at
the property. The additional investigations conducted on the property consisted of the
installation of soil borings, monitoring wells and a temporary soil vapor monitoring
point through the floor of the 129 Commercial Street building. Because the
129 Commercial Street building is the location of an operating commercial business,
the investigation has been conducted in stages organized around the operating
schedule of the business. Seven borings and 5 monitoring wells were installed in
March 2002, and one additional boring with a soil vapor sampling point was installed
in July 2002. Groundwater samples were collected from the five monitoring wells
inside the building in March, May, and July/August 2002. Locations of new and
previously existing borings and monitoring wells on the 129 Commercial Street
pioperty are shown on Figure 12, and analytical results obtained from the recent soil
and groundwater samples are presented in Tables III and IV, respectively. Indoor air
sampling was also conducted in October 2001, January 2002, April 2002, June 2002,
Oztober 2002, and January 2003 as part of the ongoing RAM at the 129 Commercial
Street property. These data are presented in Table V. Boring logs, monitoring well
installation records, and analytical data reports for soil, groundwater and indoor air
are included in Appendix C.

In summary, the additional investigations conducted at the 129 Commercial Street
property did not encounter a discrete source of contamination (such as a tank, drip
pct, or other container) beneath the building. Rather, the results indicate the presence
of BTEXSN contamination in soil and groundwater at several exploration locations.
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Stained soil was observed in soil boring samples' in a zone approximately 2 to 6 ft in
thickness, located at or near the water table elevation. Visual observations and
analytical results indicate the highest concentrations of BTEXSN in soil were located
in borings 02B-B922, 02B-B923, and 02B-B924, located in the central portion of the
building. The highest BTEXSN concentrations in groundwater were observed at
monitoring location 02B-B9 18-OW, located downgradient of these locations in the
southern portion of the building. The results of these investigations support the
conceptual model presented in the Phase II, which contends that contaminated soil is
located beneath the 129 Commercial Street building. As groundwater flows beneath
tie building, BTEXSN compounds are dissolved from the contaminated soil into and
flow with groundwater. The elevated BTEXSN concentrations in soil and
groundwater beneath the building appear to result in the elevated indoor air
concentrations of these compounds.

Section 2.04D contains additional information concerning the nature and extent of
contamination on the 129 Commercial Street property.

2.04 Nature and Extent of Contamination: Conceptual Site Model Summary

The former Malden MGP operated from the mid-1800s until the early 1970s. The types and
levels of contaminants detected in soil, groundwater and sediment are consistent with this long
industrial history. As described in Section 1.03, MGP operations at the former Malden MGP
facility ued coal, coke, and oils as raw feedstock for combustion in retorts and produced a
number of residuals while processing the generated gas and separating impurities prior to gas
distribution. MGP residuals included solid residue from the retorts, hydrocarbon/aqueous
condensate from gas separator units (e.g., condensers, tar separators), and solid wastes from
the purification process.

In genera, the predominant classes of chemical compounds identified as the primary residuals
from the processes used at the former Malden MGP include PAH, VOCs, and cyanide. The
presence and ultimate form of the process residuals and associated chemicals currently present
at the Site are a function of such factors as the extent and management of materials on-site
during former MGP operations, the disposition of residuals, and the local subsurface or
environmental conditions.

The former Malden MGP Site Conceptual Site Model (CSM), as presented in the Phase II,
represents a synopsis of our understanding of the conditions present at the Site, including
sources of contamination, affected media (i.e., soil, groundwater, etc.), potential exposure
pathways and potential exposure points. The Phase II CSM identifies contaminant source
areas, consistent with typical MADEP CSM terminology and based on observed contaminant
distribution and the current understanding of historic MGP operations. For this Phase III
RAP, seven types of contamination have been identified at the Site to facilitate the
development and evaluation of remedial alternatives. For detailed information relating to Site
characterization information, refer to the Phase II. The types of contamination observed at
the Site are described below in a summary of the Conceptual Site Model for the Site.
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has extracted approximately 670 gallons of mobile DNAPL from the central portion
of Parcel E between October 2001 and May 2003. These results support the
hypothesis that a portion of the coal tar beneath the Site is extractable DNAPL.

Two surface water bodies lie on or adjacent to the portion of the Site impacted by
.TSM and Shallow DNAPL. The WEB Culvert transects the TSM area, flowing from
the western boundary of TSM impacts toward the east, where it discharges into the
MR Culvert, which is located along the eastern Site boundary. South of Charles
Street, the MR Culvert discharges and the Malden River flows as an open channel
toward the Mystic River. TSM impacts have been observed in sediments within the
WEB and MR culverts and in the Malden River downstream of the culvert outfall.
An IRA was initiated to address the migration of DNAPL into the culverts. As part
of the IRA, catch basins and storm drains in DNAPL -impacted areas of the Site were
lined, and expansion joints and weep holes in the culverts in DNAPL-impacted areas
have been sealed to prevent DNAPL infiltration. Annual inspections of the culvert
have been conducted to confirm that these measures have achieved the desired result
of reducing or eliminating DNAPL infiltration to the culverts. As discussed in
Section 1.04, the 2003 annual culvert inspection activities conducted in June 2003
indicated no observed coal tar sources (i.e., leaking joints, drain line outfalls, etc.) to
the culvert and no sheens on the water surface in the culvert. Based on these
observations, IRA activities appear to have been successful, and it is anticipated that
an IRA Completion Report will be prepared and submitted to MADEP in the near
future closing out the IRA.

Culvert IRA activities have also included limited assessment of the crushed stone
layer beneath the WEB Culvert, which have indicated that DNAPL is present at some
locations beneath the WEB Culvert. In response to these observations, grout was
injected beneath the MR Culvert at Station 7+30 in December 1998 to limit or
eliminate the potential for DNAPL migration beneath the MR Culvert. Additionally,
test holes drilled through the base of the MR Culvert into the crushed stone base near
the MR Culvert outfall did not detect DNAPL.

C. Deep DNAPL

Coal tar residuals resulting from the production of manufactured gas at the former
Malden MGP exists in the environment as a separate DNAPL phase, which tends to
mngrate vertically downward through soil and groundwater. A large portion of the
former Malden MGP Site is underlain by a layer of organic deposits (the top of which
ranges from 4 to 17.5 ft below ground surface), which impedes downward migration
of coal tar DNAPL. In these areas, DNAPL tends to migrate horizontally along the
upper surface of the organic deposit. As a result, DNAPL has not been detected in
most deep wells on the Site. However, the organic deposit is absent in the southern
portion of the Site, and in areas where it is present, it is discontinuous and has been
peaetrated or removed during various construction activities. These gaps in the
organic deposit beneath the Site have likely allowed coal tar to migrate vertically as
DNAPL into the deeper units below, resulting in both soil and groundwater impacts
beneath the organic deposit.
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The quantity of DNAPL that exists in the deeper subsurface is difficult to estimate.
Eased on the deep exploration data collected at the Site, the extent of DNAPL in the
subsurface beneath the organic deposit is limited., DNAPL has been detected in three
of twelve deep wells on the Site, as reported in the Phase II and shown on Figure 13.
In one of these three wells, B301L-OW, DNAPL was detected in past observations
(1.997 and 1998), however measurements made in July and August 2002 indicate less
than 1/2 in. of DNAPL in the bottom of this well. In another of these three wells,
BI 10A-OW, five measurements made between 1994 and 1999 observed a thickness of
at; much as 10 ft of DNAPL. Accumulated DNAPL was evacuated from BI 10A-OW
using a vacuum truck in 1999. Subsequent DNAPL monitoring consisting of greater
td an 70 measurements between June 2000 and December 2001 indicated a thickness of
less than 0.3 ft. The third of the deep monitoring wells on the Site that have been
inipacted by deep DNAPL, B108-OW, does contain a significant DNAPL thickness
(77 measurements made between 1991 and 2001 detected an average DNAPL
thickness of approximately 6.9 ft). However, observations made during installation of
the test boring indicate that the source of the DNAPL in this well may be a section of
soil 3.5 ft thick that is approximately 3 ft above the bottom of the well. Therefore, it
is likely that DNAPL flow into the well from this zone may result in an accumulation
of several ft of DNAPL in the well. Based on these observations, a limited quantity
of deep DNAPL may require remediation.

D. LNAPL

L4APL at the former Malden MGP Site is comprised of oils that represent the lighter
fraction of MGP residuals, which are less dense than water. The approximate limits
of observed LNAPL impacts are shown on Figure 13; LNAPL impacts have been
observed across an area of approximately 21,000 sf on the southern portions of
Parcels A and E, and a portion of Commercial Street. LNAPL has also been detected
on the northern portion of Parcel E in monitoring well BI-OW; however LNAPL has
not been observed during recent monitoring in this well. The presence of LNAPL has
resulted in impacts to shallow soils and groundwater on the Site. Based on the
estimated areal extent and an observed average thickness of approximately 0.35 ft
over the impacted area, the estimated quantity of LNAPL present on the Site is
approximately 9,400 gallons. However, estimation of LNAPL quantity based on
thi:kness in monitoring wells is dependant upon several factors, including LNAPL
characteristics, soil type, water table fluctuations, and other factors. Therefore, this
estimate should be considered approximate. It is possible that the actual distribution
of LNAPL in the subsurface is more sporadic over the LNAPL area, and the quantity
of LNAPL that actually exists is significantly less than the amount estimated above.
Observations over the duration of Phase II investigations indicate that the LNAPL
area is stable, and that LNAPL is not migrating to new areas of the Site. LNAPL
impacts also do not appear to be contributing significantly to groundwater impacts at
the Site based on observed groundwater concentrations in areas downgradient of the
LNAPL-impacted area.

During Phase 11 investigations at the site, several LNAPL removal methods were
pilot-tested. These efforts included testing of "siphon without a pump" (SWAP)

17



technology, which is a passive LNAPL removal system, use of absorbent pads for
removal of LNAPL from monitoring wells, and vacuum extraction methods of
LNAPL removal. The rate of LNAPL removal achieved by these methods is not
anticipated to be applicable to removal of LNAPL on a site-wide basis.

E. ETEXSN in Soil and Groundwater

Parcel B was used by the MMGLC/MVGC for gas purification beginning from
approximately 1900 to the early 1970s. As a result, BTEXSN compounds and
cyanide are the primary contaminants that are observed in soil and groundwater on
Farcel B.

Data collected during the Phase II and subsequent investigations indicate the presence
of BTEXSN contamination in soil and groundwater beneath the 129 Commercial
Street building. Maximum concentrations of total BTEXSN observed in groundwater
samples collected from wells and borings on Parcel B are presented on Figure 14.
Subsurface investigations to date have encountered moderately contaminated soil at
and below the water table elevation. Based on VOC concentrations observed in
groundwater, heavily impacted soil may be present beneath the building, located
either above or below the water table elevation, in areas where investigation is not
currently possible. Subsurface investigation has not been possible in some areas of
the facility due to the presence of large, immovable features inside the building.
Therefore, although heavily impacted soil has not been observed to date above the
water table elevation, it is considered possible that it may exist in some areas beneath
the building. As shown on Figure 14, BTEXSN concentrations in groundwater are
very low on the north (upgradient) side of the building, and are elevated in
groundwater samples collected from explorations underneath and downgradient of the
building. From these investigations it appears that shallow groundwater (i.e.,
approximately 10 to 12 ft below ground surface) dissolves BTEXSN constituents as it
flows through source material in soil beneath the building located below the water
table elevation. Several historic features have been identified on historic plans,
including the drip house, drip tank, the unlabelled subsurface tank, and the purifier
bDxes shown on Figure 14, however investigation activities have not located these
features.

As mentioned in Section 2.02, a commercial bakery currently occupies the
129 Commercial Street building. Several large structures associated with production
and storage are located inside the facility, including a blast freezer (approximately
3,870 sf), a storage freezer (approximately 9,450 sf), and large baking ovens. The
presence of these facilities precludes further exploration to define the location of the
source material beneath the building.

The recent subsurface investigations conducted during March through August 2002
investigated possible locations of source material beneath the building. Test borings
were installed at the estimated locations of several of the historic features listed above.
Investigation locations are presented on Figure 14. Stained soil was encountered at
aad below the water table elevation (approximately 11 to 16 ft below the building
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floor slab) in the central portion of the building. Borings installed at the estimated
locations of historic MGP structures (an historic drip house, drip tank, and unlabelled
subsurface tank) did not indicate that these locations were likely discrete sources of
groundwater contamination. Based on visual observations and analytical data obtained
during the recent investigation, the greatest degree of soil impact was observed in the
central portion of the building, in borings 02B-B922-OW, 02B-B923-OW, and 02B-
B924-OW. Further explorations within the building are precluded at this time due to
the internal configuration and current use of the building. However, the results of
recent investigations appear to indicate that the source of the groundwater
contamination is likely beneath the central portion of the building. As shown on
Figure 14, historic MMGLC purifier boxes were located in this general vicinity; the
earliest available reference on which these appear is a plan dated 1912.

Because the cyanide contamination that is observed in groundwater samples from
monitoring well 97B-B628-OW is upgradient of the observed VOC contamination, the
source of the cyanide groundwater contamination on Parcel B is most likely different
than the source of the VOC contamination. Furthermore, removal of cyanide at
historic MGPs typically occurred in separate structures than those used for removal of
VOC impurities. Because cyanide was not detected in soil samples from
97B-B628-OW, it is likely that the cyanide detected in groundwater at this monitoring
location originates from upgradient of this location, either on Parcel B or in the
Charles Street right-of-way. The Phase II Risk Characterization demonstrated a
condition of No Significant Risk related to exposure to cyanide in soil and
groundwater on Parcel B.

Impacted media on Parcel B include soil, groundwater, and indoor air. The most
significant contamination has been detected in groundwater and indoor air. Based on
our current understanding of subsurface conditions beneath the 129 Commercial Street
building, indoor air impacts appear to result from volatilization of contaminants from
impacted soil and groundwater. The presence of VOCs in groundwater is likely the
result of dissolution of VOCs from source material (i.e., impacted soil) beneath the
building. As a result, anticipated response actions at 129 Commercial Street will be
linked to remediation of VOC impacts in soil and groundwater beneath the building.
The area of impacted groundwater beneath the 129 Commercial Street building is
indicated on Figure 14. Concentrations of total BTEXSN in groundwater samples
collected from this area have been as high as approximately 295 mg/l. Additionally,
contaminated soil has also been observed beneath the building in a portion of this
area. The area of impacted soil is estimated to be approximately 21,000 sf.
Assuming an average of a four-ft thick area of soil impact at the water table, as
described above, the volume of impacted soil is approximately 3,100 cubic yards
(ciu yd).

F. Petroleum-impacted Soil

Petroleum-impacted soil associated with the former tank farm is located in the vicinity
of the historic above-ground petroleum and coal tar tanks on the northern half of
Parcel E, just north of the WEB culvert, as shown on Figure 13. The primary
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contamination observed in this area appears to be petroleum impacts associated with
the historic fuel tanks. Generally, soils in this area are not saturated with coal tar, as
is the case in the TSM-impacted areas on other portions of Parcel E. However, some
soil samples in this area contained a mixture of tar-related compounds and petroleum
compounds, indicating a mixture of contamination types in this area. This evidence is
in agreement with historic MMGLC plans and with the CSM presented in this report,
which indicate that the above-ground storage tanks were used for storage of both coal
tzr and petroleum during different periods of operation.

Based on the extent of petroleum impacts reported in the Phase II, the areal extent of
the petroleum-impacted soil contamination is approximately 28,800 sf (3,200 square
yirds [sy]), and the vertical extent is variable. For the purposes of this Phase III
RAP, the vertical extent is assumed to be approximately 12 ft below ground surface,
the approximate depth of the upper surface of the organic deposit. Based on this
a:;sumption, the volume of petroleum-impacted soil is approximately 12,800 cu yd.
As shown on Figure 13, a portion of this contamination is located beneath the
KeySpan maintenance garage, which is located on the 100 Commercial Street
property.

2.05 Risk Characterization Summary

A Method 3 Risk Characterization was conducted by AMEC Earth & Environmental (AMEC)
of Westford, Massachusetts, in accordance with MCP requirements. The results of the Risk
Characterization, which were presented in the Phase II Report, included a characterization of
the risk to human health, public welfare and the environment attributable to the Former Malden
MGP Site. Since submittal of the Phase II Report, AMEC has revised the Risk
Characterization, based on new Site data described in Section 2.03. This work included a
re-characterization of the risk to human health risk at the 51 and 129 Commercial Street
properties, incorporating new Site information that was obtained during work associated with
the Phase :[I evaluation, and a Substantial Hazard Evaluation for the Site. Documentation of
the revisedL Risk Characterization results is included in Appendix B. A brief summary of the
Site Risk Characterization (as revised) is presented in this section of the Phase III. As
mentioned above, evaluation of remedial alternatives for the Malden River sediment portion of
the Site is not included in this Phase III RAP. Therefore, results of the Risk Characterization
pertaining to the Malden River have not been presented in this section.

A. General

The Site Risk Characterization involved evaluation of increased potential risk at the
Site due to exposure to MGP residuals. Because land use was varied across the Site,
different exposure pathways were evaluated at each property, based on current and
anticipated future land use on each property. For the purposes of the Risk
Characterization, each of these properties were treated as individual "sites" for which
risks were calculated individually. The Charles Street parcel, which includes the
section of Charles Street south of Callahan Park, is evaluated separate from the
Governor House portion of the Site in the Risk Characterization. However, in this
Phase III RAP, the Charles Street and the Former Governor House parcels are
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tcgether referred to as the Governor House portion of the Site. See Figure 3 for the
Iccations associated with the addresses listed below. The properties evaluated for risk
are summarized in Table VI, below:

TABLE VI
SUMMARY OF PROPERTIES INCLUDED IN RISK CHARACTERIZATION

Parcel on which
Property Address Property is Current Property Use

Located

51 Commercial Street Parcel A Dentist Office and Chiropractor Office

65 Commercial Street Parcel A iMuffler Service Station

77 Commercial Street Parcel A Liquor Store

89 Commercial Street Parcel A Auto Body Service Station

99 -109 Commercial Auto Glass, tanning Salon, printing
Street Parcel A shop, medical offices and other office

space

1 DO Commercial Street Parcel E KeySpan operations and vehicle
maintenance facility

129 Commercial Street Parcel B Commercial Bakery

Charles Street, between
Commercial and Pearl N/A City Street
Streets

Governor House Parcel D Parking lot for Callahan Park

B. Human Health Risk Characterization

1. Current Site Uses

The revised MCP Method 3 Human Health Risk Characterization
(Appendix B) demonstrated a condition of No Significant Risk to Human
Health for current Site uses on the terrestrial portion of the Site. Differences
between the results of the Phase II Risk Characterization and the revised Risk
Characterization presented in Appendix B are discussed below.

The original Phase II Risk Characterization did not demonstrate a condition of
No Significant Risk to the current landscaper at 51 Commercial Street.
However, this result was based on one sample collected from beneath a paved
parking lot, which did not accurately represent the exposure point, and
therefore, did not accurately characterize the risk to the landscaper.
Additional soil samples were collected from the landscaped areas of the
property, and the revised Risk Characterization was conducted using this data
and the previously collected data point. The revised Risk Characterization
demonstrated a condition of No Significant Risk to the current landscaper at
51 Commercial Street.
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The original Phase II Risk Characterization for the 129 Commercial Street
Property could not demonstrate a condition of No Significant Risk to the
current commercial worker via inhalation of indoor air. This result was based
on indoor air data collected between September 1999 and October 2001.
However, the revised Risk Characterization, which was based on indoor air
data collected between September 1999 and October 2002, demonstrated a
condition of No Significant Risk to the current commercial worker via the
indoor air pathway. This change is likely due to the lower VOC
concentrations that have been observed during recent indoor air sampling
events inside the facility undertaken as part of the ongoing RAM.

2. Potential Future Site Uses

The Risk Characterization for the Site was conducted based on the assumption
that current use of land on the Site is continued into the future. Therefore,
potential exposure pathways that were evaluated for future use in the Risk
Characterization include those that may associated with the future
commercial/industrial use of the Site (i.e., commercial/industrial workers,
construction workers, and utility workers). In the event that a change in the
use of a property is proposed (e.g., conversion of commercial or industrial
properties to residential use), the remedial approach to that property would be
re-evaluated in the context of the proposed use.

As previously discussed, the Phase II Risk Characterization demonstrated a
condition of No Significant Risk at the Governor House portion of the Site
and for the Charles Street public right-of-way. The Risk Characterization
could not demonstrate a condition of No Significant Risk to Human Health for
some potential future exposure pathways, as summarized in Table VII below:
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TABLE Vil
SUMMARY OF HUMAN HEALTH RISK CHARACTERIZATION
FUTURE EXPOSURE PATHWAYS

Receptor Location Pathwayo) Compound(s) of
Concern

Future Construction 100 Commercial Ambient Naphthalene
Worker Street Inhalation

from
excavation

Future Construction 100 Commercial Ambient Naphthalene,
Worker Street Inhalation Benzene, C9-C10

(Hot Spot 3) from Aromatics,
excavation Methyinaphthalene

Future on-site 100 Commercial Soil Ingestion PAHs, arsenic
Commercial/Industrial Street
worker
Future Construction 99-109 Commercial Ambient Naphthalene,
Worker Street Inhalation Benzene, Aromatics

from
excavation

Future Construction 99-109 Commercial Ambient Naphthalene,
Worker Street Inhalation Benzene, C9-C10

(Hot Spot 2) from Aromatics,
excavation Trimethylbenzene,

Methylnaphthalene

FJture On-site 99-109 Commercial Soil ingestion PAHs
Commercial/Industrial Street
Worker

Future Construction 89 Commercial Street Ambient Naphthalene,
Worker 77 Commercial Street Inhalation Methylnaphthalene

from
excavation

Future On-site 89 Commercial Street Soil ingestion PAHs
Commercial/Industrial 77 Commercial Street
Worker 65 Commercial Street

51 Commercial Street

Future Construction 65 Commercial Street Ambient Naphthalene,
Worker Inhalation Methylnaphthalene,

from C9 -C10 Aromatics,
excavation C 11-C12 Aromatics

Future Construction 51 Commercial Street Ambient Naphthalene,
Worker Inhalation Methylnaphthalene,

from Trimethylbenzene
excavation

Notes:
1. Explanation of Exposure Pathway terms:

Ambient Inhalation from excavation: Inhalation of ambient (i.e., outdoor) air
containing VOCs volatilized from soil exposed during excavation
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C. Risk to Public Welfare

Risk to pubic welfare was also calculated in the Risk Characterization. As specified
in the MCP, the risk to public welfare is based on the following: (1) a comparison of
property-wide and hotspot average soil and groundwater concentrations to the UCLs;
(2) comparison of indoor air and ambient vapor concentrations to odor thresholds; (3)
the presence of NAPL having a thickness equal to or greater than in.; and (4)
comparison of estimated airborne vapor concentrations to odor thresholds. A
condition of No Significant Risk to Public Welfare was demonstrated for 129
Commercial Street, 77 Commercial Street, Charles Street right-of-way, and the
former Governor House.

A condition of No Significant Risk to Public Welfare was not demonstrated for 100
Commercial Street, 99-109 Commercial Street, 89 Commercial Street, 65
Commercial Street, and 51 Commercial Street based on exceedences of UCLs.
NAPL greater than % in. has been identified in. monitoring wells located at 100
Commercial Street, 99-109 Commercial Street, 89 Commercial Street, 65
Commercial Street, and 51 Commercial Street. In addition, site-wide soil
concentrations for one or more constituents exceeded their respective UCLs in these
areas.

Table VIII lists the properties at which a condition of No Significant Risk to Public
Welfare could not be satisfied, based on the Risk Characterization.

TABLE Vill
SUMMARY OF PUBLIC WELFARE RISK CHARACTERIZATION RESULTS

Location Compound(s) of Concern
100 Commercial Street >0.5 in. of NAPL; concentrations of compounds > UCL
99-109 Commercial >0.5 in. of NAPL; concentrations of compounds > UCL
Street
B9 Commercial Street >0.5 in. of NAPL; concentrations of compounds > UCL
55 Commercial Street |>0.5 in. of NAPL; concentrations of compounds > UCL
51 Commercial Street )>0.5 in. of NAPL; concentrations of compounds > UCL

D. Environmental Risk

Aside from the Maiden River section of the Site, which has been excluded from this
Phase III RAP, environmental resource areas have not been identified at the Site.
Therefore, a condition of No Significant Risk to the environment was demonstrated
f or the terrestrial portion of the Site.

E. Substantial Hazard Evaluation

An evaluation of the Substantial Hazards that exist on the Site is required for Sites at
which a condition of No Significant Risk could not be satisfied for current exposure
pathways, and for Sites at which a Temporary Solution may be appropriate.
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Achievement of a Temporary Solution (i.e., a Class C RAO) requires elimination of
substantial hazards that have been identified on the Site. AMEC conducted a
Substantial Hazard Evaluation (SHE) for the terrestrial portion of the Site. A copy of
the AMEC Substantial Hazard Evaluation is part of the revised Risk Characterization
included in Appendix B.

The purpose of the SHE is to evaluate the level of potential risk that is present at the
Site under current Site use. The SHE is comprised of two components: human health
and ecological evaluation. For the human health portion, the SHE evaluates potential
risk in a manner similar to the Risk Characterization, except the SHE evaluates
potential risk posed over a reduced exposure period. The exposure period considered
for the SHE is equal to the period of time elapsed between notification to MADEP of
the presence of hazardous materials at the Site and the date that the SHE is conducted,
plus an additional five years. The results of the SHE are compared to the same
thresholds as the standard Risk Characterization; as a result, a risk that is considered a
Substantial Hazard indicates a greater degree of risk to the exposed population than
failure to demonstrate a condition of No Significant Risk. The Human Health SHE
indicated a result of No Substantial Hazard for the terrestrial portion of the Site.

The ecological portion of the SHE is not as quantitative as the human health portion.
The criteria listed in the MCP are listed in the AMEC report in Appendix B, and
include the following:

N Evidence of stressed biota
a Visible presence of oil or hazardous materials (OHM) within 3 ft of the

ground surface over two acres
* Continued discharge of contaminated groundwater to surface water where

concentrations of Site-related OHM in surface water and/or sediment exceed
Massachusetts surface water standards

0 Continued discharge of contaminated groundwater to surface water where
concentrations of Site-related OHM in surface water and/or sediment already
pose a significant risk

In Migration of OHM to additional environmental media or resource area where
exposures would potentially pose a significant risk of harm in the future, and

in Ecological risk or harm such that recovery would be substantially more
difficult or would require more time if the Site was not remediated for even a
short period of time

The ecological receptor associated with the Former Maiden MGP Site is the Malden
River. The Malden River itself has been excluded from this Phase III RAP and will
te evaluated in the future in the context of the ongoing MRA and the Army Corps of
Engineers Malden River Ecosystem Restoration Feasibility Study. However, the
terrestrial portion of the Site that is evaluated in this Phase III RAP does include the
MR Culvert, which conveys the Malden River along the eastern Site boundary, and
the WEB Culvert, which empties into the MR Culvert. As described in Section
2.04A, TSM impacts have been observed within the WEB and MR Culverts, and coal
tar DNAPL has been detected in the crushed stone bedding beneath the WEB Culvert.
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Several remedial measures have been undertaken in response to these observations.
An ongoing IRA was initiated in response to the observation of an intermittent sheen
on the water surface in the MR Culvert. This response action has included the sealing
Df expansion joints and weep holes in the culverts, and re-lining of drain pipes that
empty into the culverts. In addition, grout was injected beneath the MR Culvert at a
location just downstream of the confluence with the WEB Culvert to prevent DNAPL
migration in the crushed stone bedding. Annual inspections of the culverts have been
conducted to check the integrity of these seals. The 2003 annual culvert inspection
activities conducted in June 2003 indicated no observed coal tar sources (i.e., leaking
joints, drain line outfalls, etc.) to the culvert and no sheen on the water surface in the
culvert. These observations indicate that the response actions have successfully
addressed the IRA conditions and it is anticipated that an IRA Completion Report will
be prepared and submitted to MADEP in the near future closing out the IRA.

Because steps have been and continue to be taken to address the potential for Site
contaminants to impact the WEB and MR Culverts and the Malden River, the SHE
concludes that a condition of No Substantial Hazard exists at the Site, in accordance
with the MCP.

F. Conclusions Based on Risk Characterization Results

Based on the results of the revised Risk Characterization, a condition of No
Significant Risk could not be satisfied for future potential exposure pathways at 51,
65, 77, 89, 99-109, and 100 Commercial Street. A condition of No Substantial
Hazard was satisfied for the Site.

In Section III of this report, remedial objectives are outlined for achievement of a
Permanent or Temporary Solution at the Site. The remedial objectives were
developed based on the results of the revised Risk Characterization summarized in this
section, with the goal of eliminating or mitigating potential risks caused by potential
exposure to Site contamination.

The revised Risk Characterization for the Site demonstrated a condition of No
Significant Risk to Human Health for the 129 Commercial Street property. However,
the Risk Characterization for the indoor air inhalation pathway at this property was
based on data that were collected during the operation of a pilot-scale mechanical sub-
siab venting system, which was installed for the purpose of mitigating the migration
of VOCs into indoor air, thereby reducing VOC concentrations in indoor air. This
system was installed as a temporary measure and, as such, this Phase III RAP
includes an evaluation of remedial alternatives for reducing concentrations of VOCs in
indoor air.

2.06 Remedial Action Alternative Areas

In order to facilitate the evaluation of potential remedial technologies and alternatives, the Site
has been divided into five Remedial Action Alternative Areas (referred to herein as "Areas")
based on property boundaries, characteristics, and type of contamination present. A summary
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of the five Areas, including a brief description and lists of the types of contamination and
impacted media is presented below in Table IX.

TABLE IX
SUMMARY OF REMEDIAL ACTION ALTERNATIVE AREAS AND ASSOCIATED
IMPACTED MEDIA

Site Area Properties Types Of Contamination Impacted Media

Area Description Located Within Identified Within The Contributing To
The Area Area Risk

AREA 1 Northern Portion 100 Commercial TSM DNAPL
of Parcel E Street Shallow DNAPL LNAPL

Deep DNAPL Soil
LNAPL
Petroleum-impacted Soil

AREA 2 Southern 100 Commercial TSM DNAPL
Portion of Street Shallow DNAPL LNAPL
Parcel E Deep DNAPL Soil
(includes WEB LNAPL
Culvert)

AREA 3 Northern portion 51 Commercial TSM DNAPL and Sot
of Parcel A Street Shallow DNAPL

65 Commercial
Street
77 Commercial
Street
89 Commercial

,Street

AREA 4 Southern 99-109 TSM LNAPL
portion of Parcel Commercial LNAPL Soil
A Street

AREA 5 Parcel B 129 Commercial BTEXSN in soil and Soil
Street groundwater Groundwater

Indoor Air

The boundaries of the five Remedial Action Alternative Areas, along with the Site boundary,
are shown on Figure 15. As can be seen on Figure 15, public rights of way, such as
Commercial Street, Charles Street and Centre Street have not been included in the Remedial
Action Alternative Areas. MGP impacts are believed to be less beneath the roadways than on
gas manufacturing areas. These roadways existed at the time the MGP was in operation, and
therefore it is considered unlikely that MGP waste is contained in shallow soils beneath the
roadways. It is likely that mobile contaminants, such as LNAPL and shallow DNAPL, exist
beneath the roadways due to flow from adjacent properties. These impacts would be located
near the water table or the top surface of the organic deposit, and would likely be located
below the depth of most utilities. To the extent practical, remedial measures on properties
adjacent to these areas will be designed to reduce contamination in these areas, such as design
of DNAPL and LNAPL systems with radii of influence that extend beneath the adjacent
roadways. Aside from these efforts, implementation of remedial measures in these areas
would be difficult and are considered infeasible at this time due to the presence of numerous
utilities and heavy vehicular use. Furthermore, this Phase III RAP does not include an
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evaluatian of AULs to restrict exposures to contaminants located beneath public rights-of-
way, as AULs are not required by the MCP, per 310 CMR 40.1012(3).

Based on Site monitoring data collected to date the potential for exposure to LNAPL and
DNAPL beneath the streets is limited based on the probable location of these media. LNAPL
has been detected in monitoring wells located along Commercial and Charles Streets (97A-
B601-OW, 99A-B816-OW and B109A-OW) at depths ranging from approximately 5.3 to
9.9 ft bgs, and shallow DNAPL has been detected in wells located adjacent to Commercial
Street (B502-OW, 99E-B822-OW, and OOA-B914-OW) at depths ranging from approximately
11.2 to 14.5 ft bgs. Based on these observations, it is considered unlikely that LNAPL or
DNAPL would be encountered during routine utility work beneath the public right-of way
portions of the Site.

It is also noteworthy that, as shown in Table IX above, although groundwater contains
elevated concentrations of contaminants, remediation of groundwater on Areas 1 through 4 is
not required to achieve a condition of No Significant Risk. Groundwater is not used on these
Areas as a resource (i.e., for drinking water or industrial use), and based on groundwater
sampling data obtained during the Phase II investigation, plumes of groundwater
contamiration do not appear to be leaving the Site. Additionally, it is anticipated that
remedial approaches to remediate LNAPL, DNAPL and soil will have a beneficial effect on
groundwater quality. Therefore, Remedial Action Alternatives developed for Areas 1 through
4 will not include an evaluation of remedial components for groundwater. A groundwater
monitoring program will be conducted during implementation of the selected remedy.

The bourdaries, current use, characteristics and known extent of contamination on the five
Remedial Action Alternative Areas, referred to herein as "Areas", are briefly described
below. An evaluation of remedial alternatives is presented for each Area in Sections V
through X.

A. Area 1, Northern Portion of Parcel E

Area 1 is the northern portion of 100 Commercial Street, the property currently
owned by KeySpan. Area 1 is bounded by Commercial Street to the west, Centre
Srreet to the North, the MR Culvert to the east and Area 2 to the south. Area 1 is
approximately 2.3 acres, consisting of a maintenance garage (approximately 3,200 sf),
parking areas, storage space for KeySpan and minimal landscaped space. Service
trucks and other vehicles use Area 1; as a result there is relatively high truck traffic
volume on the Area. KeySpan operations currently require use of the parking and
sorage areas and the maintenance garage on Area 1. However, KeySpan has
indicated that use of Area 1 facilities may be discontinued to allow remedial actions to
take place. Therefore, KeySpan business activities are not considered in the
evaluation of the feasibility of remedial alternatives on Area 1.

1. Area 1 Characteristics

Area 1 is underlain by a relatively impermeable organic peat and silt deposit,
ranging from approximately 4 to 17.5 ft below ground surface. The organic
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deposit separates shallow groundwater flow from deeper groundwater beneath
the organic deposit, and controls the migration of shallow DNAPL. Shallow
DNAPL flow is interpreted to be controlled by pressure head and gravity
(i.e., shape of the organic deposit). Groundwater flow above the organic
deposit is separated from deeper groundwater flow by the organic deposit.
An historic river channel (the Maiden River, before it was channeled into the
MR Culvert) is located on the northern half of this Area. The river channel,
which is now filled, is located beneath the parking area on the northern
portion of the Area. Water in the channel historically flowed from the
alignment of the existing Malden River channel at the eastern end of Area 1 to
the western Area boundary. It then flowed onto Parcel A (Area 3), where the
channel meandered around to the southeast, at which point it merged with the
alignment of the existing WEB culvert.

Historic MGP facilities on Area 1 include the Parcel E Tank Farm, which was
located on the southern portion of Area 1, just north of the alignment of the
existing WEB culvert. Known historic features on Area 1 include six above-
ground storage tanks and the Hood Garage (unrelated to the MGP), located at
the northwestern corner of Area 1.

L. Area 1 Conceptual Site Model

The types of contamination that have been identified on Area 1 include TSM,
shallow DNAPL, deep DNAPL, LNAPL, and petroleum-impacted soil.
Impacted media include soil and groundwater. Shallow DNAPL has been
observed in the former river channel along the top surface of the organic
deposit, and appears to have collected at depressions in the deposit. Deep
DNAPL has been identified in one deep monitoring well on the northern
portion of Area 1, along the alignment of the historic river channel. DNAPL
has not been detected in this well during recent measurements. LNAPL was
observed once in 1995 in one monitoring well in the historic river channel on
the northern portion of Area 1; however LNAPL has not been observed
during subsequent monitoring at this location. TSM and petroleum-impacted
soils have been identified on Area 1, and are intermixed in some areas.
Elevated PAH, TPH, VOC compounds, and cyanide have also been detected
in soil. Based on sampling results in previous investigations, TSM is assumed
to contain concentrations of PAHs or VOCs that exceed UCLs, and one soil
sample collected from within the Parcel E Tank Farm Area exceeded UCLs
for TPH. Observed groundwater impacts include VOCs, PAHs, TPH and
cyanide, and appear to be limited in severity and extent. Based on
groundwater elevation measurements, the crushed stone layer beneath the
culverts drains groundwater in the vicinity of the culverts.

t 3. Summary of Risk Characterization Results Relevant to Area 1

The Risk Characterization, as it relates to Area 1, satisfied a condition of No
Significant Risk to Human Health under current conditions. A condition of
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E. Area 5, Parcel B

Area 5 is the 129 Commercial Street Property, bounded by Commercial Street to the
east, Charles Street to the north, the MBTA rail tracks to the west, and Adams Street
:o the south. Area 5 is approximately 2 acres in size and consists of an approximately

42,000 sf building, parking areas, and landscaped space along Commercial and
Adams Streets. The 129 Commercial Street building is currently occupied by a
commercial bakery with active operations and limited unused, available space inside
or outside of the facility. Facility operations include regular manufacturing 6 days per
week, with 2 shifts per day, with additional production during high demand periods,
and large freezing facilities. Outside the facility are located employee parking areas
and a large turn-around space to accommodate delivery trucks.

I. Area 5 Site Characteristics

Historically, Area 5 was the location of MGP gas purification operations. It
is possible that historic MGP features, such as drip pots or a drip tank, are
located beneath the building. However, such facilities have not been
identified by the 10 borings conducted to date beneath the building. Further
exploration beneath the building is precluded due to the presence of several
large, immovable features located inside the facility. These features include
baking ovens, a storage freezer and a blast freezer, and occupy approximately
M of the facility space.

Impacts in this Area consist of elevated concentrations of VOCs, specifically
BTEXSN compounds and cyanide in soil and groundwater beneath the
building. Elevated concentrations of some VOCs have been detected in
indoor air inside the building. A RAM remains ongoing to reduce
concentrations of VOCs in indoor air at the 129 Commercial Street property.
Actions undertaken as part of the RAM have included the installation of a
pilot-scale sub-slab ventilation system along a portion of the eastern side of
the building, and the sealing of parts of the floor to prevent vapor migration
through the floor slab. The results of periodic indoor air sampling conducted
during the RAM have indicated a decrease in VOC concentrations in indoor
air, resulting in a condition of No Significant Risk with the system operating.

2. Area 5 Conceptual Site Model

The contamination observed at the property consists of elevated BTEXSN
compounds, which have been observed in soil, groundwater, and indoor air,
and cyanide in soil and groundwater. Cyanide concentrations are highest at
the northeastern corner of the property, beneath the parking lot north of the
building. The highest BTEXSN concentrations have been observed in soil
and groundwater beneath the central portion of the building. According to the
current conceptual model for Area 5, dissolution of contaminants occurs as
grounawater flows through contaminated soil that exists beneath the building.
Subsurface investigations to date have encountered moderately contaminated
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future exposure pathways at the Site; however, the Risk Characterization did satisfy a
condition of No Substantial Hazard. The selection and implementation of a remedial action
alternative must result in conditions that will satisfy the MCP requirements for a Response
Action Outcome (RAO), namely:

M For a Class A RAO, all sources of contamination that are resulting in or likely to
result in increased concentrations in environmental media are eliminated or controlled,
and all exposure pathways for which a condition of No Significant Risk could not be
satisfied in the Site Risk Characterization are mitigated or eliminated.

* For a Class B RAO, no remedial actions are necessary at a Site because results of
,ssessment actions have determined that a level of No Significant Risk exists.

0 For a Class C RAO, all Substantial Hazards are eliminated.

Achievement of a Class A RAO would require removal or control of sources of contamination
that result in future exposure pathways for which a condition of No Significant Risk could not
be satisfied. With the exception of the Governor House portion of the Site, a Class B RAO is
not appropriate for this Site, because the Risk Characterization was unable to satisfy a
condition of No Significant Risk to future receptors at the Site. In the event that a Class A or
B RAO cannot be achieved due to Site conditions, a Temporary Solution, or Class C RAO, is
a potential response action outcome given that a condition of No Substantial Hazard was
satisfied for the Terrestrial portion of the Site.

The speci ic requirements of Class A, B and C RAOs for the terrestrial portion of the Site are
discussed in the following sections. The requirements outlined in this section will be used
during evaluation of remedial alternatives at the Site, and for the evaluation of the practicality
and feasibility of achieving a Permanent or Temporary Solution for the Site.

3.02 Remedial Objectives to Achieve a Permanent Solution

Achievement of a Permanent Solution at the Site requires elimination of exposures that result
in potential current and future human health and environmental risk, and elimination of UCL
exceedences in Site media. Based on the potential risks identified in the Risk Characterization
(presented in Section 2.06 above) and distribution of UCL exceedences, the following
remedial objectives must be met to achieve a Permanent Solution.

A. Elimination of Potential Exposure to Contaminated Soil

A Permanent Solution for the Site would require elimination of potential exposure to
soil by the following receptors through soil remediation, placement of a cap, or
AULs, as appropriate. A summary of soil exposure pathways requiring remediation
or mitigation in order to achieve a Permanent Solution is provided below in Table X.
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TABLE X
GUMMARY OF SOIL EXPOSURE PATHWAYS REQUIRING REMEDIATION

Receptor EPatay Contamin tion Affected Properties

Future TSM; 100 Commercial Street
commercial/industrial Ingestion of soil Shallow DNAPL 99-109 Commercial Street

E ite worker 51, 65, 77, 89 Commercial
Street

Future 99- 109 Commercial Street
commercial/industrial Ingestion of soil LNAPL 10 Commrcal Street
site worker
F uture Petroleum-
commercial/industrial Ingestion of soil 100 Commercial Street
site worker impacted soil

100 Commercial Street
Future construction Inhalation of TSM; 99-109 Commercial Street
worker from soil ized Shallow DNAPL 51, 65, 77, 89 Commercial

Street

Future construction Inhalation of 99-109 Commercial Street
worker VOCs volatilized LNAPL 100 Commercial Streetfrom soil

Future construction Inhalation of Petroleum- 100 Commercial Streetw~orkcer VOCs volatilizedIimatdslfrom soil

B. Elimination of Potential Exposure to Indoor Air

Elevated VOC concentrations were detected in indoor air at 129 Commercial Street
during Phase II investigations. A Release Abatement Measure was initiated in
response to these elevated concentrations, and a pilot-scale sub-slab venting system
was installed beneath the floor of the 129 Commercial Street building to reduce VOC
ccncentrations in indoor air. The data evaluated in the Human Health Risk
Characterization were collected as part of the RAM, to monitor the effectiveness of
the system. Therefore, the indoor air data used in the Risk Characterization were
collected while the system was running, and may be lower than those that would be
observed in the absence of the system. In order to achieve a Permanent Solution, this
PIase III RAP will include an evaluation of remedial alternatives for the long-term
mitigation of the indoor air inhalation pathway. Based on the current conceptual Site
model, elevated VOC concentrations in indoor air at the 129 Commercial Street
building are likely due to volatilization of BTEXSN compounds from groundwater or
soI beneath the building.

C. Elimination of soil UCL Exceedences.

In order to achieve a Permanent Solution, UCL soil exceedences must be eliminated
through remediation or installation of an engineered barrier. Based on the results of
the Phase II, TSM contains concentrations of PAHs and/or VOCs that exceed UCLs.
The limits of the observed extent of TSM, which include a significant portion of
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3.04 Remedia I Objectives for Area 1

Area 1 is the nonhern portion of Parcel E, the 100 Commercial Street Property. As described
above, Area 1 co atains impacts from TSM, shallow DNAPL, deep DNAPL, LNAPL, and
petroleum-impacted soil. However, deep DNAPL and LNAPL have not been observed in
monitoring wells on Area 1 during recent measurements. Therefore, LNAPL and deep
DNAPL monitoring will be conducted, and in the event that they are detected consistently on
the Area, remedii.1 systems will be installed for their removal. Impacted media requiring
remediation include DNAPL and soil. The estimated volume of shallow DNAPL on Area 1 is
approximately 3,'00 gallons, the estimated areal extent of TSM is approximately 1,900 square
yards (sy', and th - estimated areal extent of petroleum-impacted soils is approximately 3,200
sy. Remejial objectives were developed to mitigate risk related to current use of Area 1.
Remedial objectives are listed below:

NAPL:
* Reduce th tkness of DNAPL to less than % in.

Soil:
M Reduce soil contaminant concentrations to less than the UCLs.
* Pievent exposure to soil within 15 ft of the ground surface to address potential risk to

future on-tite industrial/commercial workers, and construction workers.

3.05 Remedial Objectives for Area 2

Area 2 is the souttern portion of Parcel E, the 100 Commercial Street Property. As described
above, Area 2 con ains impacts from TSM, shallow DNAPL, deep DNAPL and LNAPL.
The estimated volume of NAPL in the subsurface includes approximately 11,500 gallons of
shallow DNAPL and 3,800 gallons of LNAPL. The areal extent of TSM-impacted soils is
estimated to be approximately 10,800 sy, and the areal extent of LNAPL-impacted soils is
estimated to be apl roximately 400 sy. Remedial objectives are listed below:

NAPL:
X Reduce thi:kness of DNAPL and LNAPL in monitoring wells to less than in.

Soil:
0 Reduce soi contaminant concentrations to less than the UCLs.
* Prevent exposure to soil within 15 ft of the ground surface to address potential risk to

future on-site industrial/commercial workers, and construction workers.

Other:
* Allow for c ontinued operation of the on-site business.

3.06 Remedial Objectives for Area 3

Area 3 is the northern portion of Parcel A, including the 55 through 89 Commercial Street
properties. As described above, Area 3 contains impacts from TSM and shallow DNAPL.
The volume of shall ow DNAPL in the subsurface on Area 3 is estimated to be approximately
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3,700 gallons, anc. the areal extent of TSM-impacted soils is estimated as 8,400 sy. Remedial
objectives are listE d below:

NAPL:
* Reduce thickness of DNAPL in monitoring wells to less than % in.

Soil:
* Reduce scil contaminant concentrations to less than the UCLs.
M Prevent e::posure to soil within 15 ft of the ground surface to address potential risk to

future on-;ite industrial/commercial workers and construction workers.

Other:
* Allow for continued operation of the on-site businesses.

3.07 Remedial Objectives for Area 4

Area 4 is the southern portion of Parcel A, including the 99-105 and 105-109 Commercial
Street buildings. As described above, Area 4 contains impacts from TSM and LNAPL. The
estimated volume of LNAPL on Area 4 is approximately 5,600 gallons of LNAPL, and the
areal extent of TSM and LNAPL - impacted soils is approximately 560 sy and 640 sy,
respectively. Reniedial objectives are listed below:

NAPL:
* Reduce thickness of LNAPL in monitoring wells to less than in.

Soil:
* Reduce soil contaminant concentrations to less than the UCLs.
* Prevent e:Lposure to soil within 15 ft of the ground surface to address potential risk to

future on-site industrial/commercial workers and construction workers.

Other:
6 Allow for continued operation of the on-site businesses.

3.08 Remedial Objectives for Area 5

Area 5 consists ol the 129 Commercial Street Property. As described above, contamination
on Area 5 requirilig remediation consists of BTEXSN in soil, groundwater and indoor air.
Remedial objectixes are listed below:

Soil:
* Reduce soil contamination such that groundwater concentrations are below MCP

S.-2/GW- standards.

Groundwater:
* Reduce VOC concentrations to below GW-2 to mitigate the source of indoor air

contamina tion.
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Indoor Air:3 Reduce concentrations of VOCs in indoor air that exceed MADEP risk thresholds.

Other:
* Allow the on-site business to continue to operate with as little disruption as possible

during implementation of remedial action alternatives.
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IV. REMEDIAL ACTION ALTERNATIVE EVALUATION PROCESS

As described in Section 2.06, in order to facilitate evaluation of remedial alternatives for the
Site, the Site has been divided into five Remedial Action Alternative Areas based on property
boundaries, characteristics, and type of contamination present. Sections V through X present
a summary of each Area's conditions and remedial objectives, and the development and
evaluation of Remedial Action Alternatives for each of the five Areas. Sections V through IX
include an Initial Screening of potentially applicable remedial technologies, development of
Remedial Action Alternatives, and a Detailed Evaluation of Remedial Action Alternatives.
Because the format of Sections V through IX for the five Areas is similar, a brief description
of the individual components and definitions of terms used in the evaluation process is
provided below.

4.01 Initial Screening Process

A. Initial Screening

An initial screening of remedial technologies is conducted for each Area to identify
technologies that are reasonably likely to be feasible, based on contaminants present in
the Area, contaminated media, and specific Area characteristics. Per 310 CMR
40.0856, remedial technologies are reasonably likely to be feasible if they are
reasonably likely to achieve a Permanent or Temporary Solution, and if individuals
with the necessary expertise to implement the technology are available.

Remedial technologies were screened for the contaminated media that contribute to
exposure pathways for which a condition of No Significant Risk could not be satisfied
for current or future receptors on properties located within each Area. The results of
the initial screening are presented in a table, which includes a brief description of the
technology and the rationale for retaining or eliminating the technology. A brief list
of the remedial technologies that meet the initial screening criteria is provided in the
Initial Screening text of the report.

B. Elimination of Remedial Technologies Based on Site Characteristics

As discussed above, the Initial Screening criteria are a basic set of criteria intended to
identify remedial technologies that may be applicable based on the general conditions
a: the Site. However, the specific characteristics of each Area (as listed above in
Section 2.06) limit the feasibility of some remedial technologies. Therefore, those
technologies that are not likely to be feasible for a specific Area are eliminated before
Remedial Action Alternatives are developed. Remedial technologies that are
eliminated based on Site characteristics are listed in this Section, either in bullet or
tabular form, along with the rationale for elimination.
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4.02 Development of Remedial Action Alternatives

A Remedial Action Alternative, as used in this Phase III RAP, is defined as a combination of
remedial technologies that is reasonably likely to meet the remedial objectives for the Area.
Remedial Action Alternatives include components that remove, remediate, or mitigate
exposure to contaminated media that result in exposure pathways for which a condition of No
Significant Risk could not be satisfied for the Area. Remedial Action Alternatives are
developed from the technologies that met the initial screening criteria and were not eliminated
based on characteristics of the individual Area above.

4.03 Detailed Evaluation Process

In this Section, Remedial Action Alternatives that were developed for the Area are compared
based on their potential to achieve the Area remedial objectives, and to meet the specific Area
characteristics listed in Section 2.06. The Remedial Action Alternatives are compared using
the eight criteria that are specified in the MCP, which include effectiveness, short and long
term reliability, implementability, capital and long-term costs, risks, benefits, timeliness, and
effect on non-pecuniary interests. These criteria are defined below. The detailed evaluation,
which is summarized in a table for each Site Area, results in the selection of a Remedial
Action Alternative for the Area, which is judged to be the most appropriate for the Site, based
on known conditions in the Area and the evaluation criteria listed below.

A. Evaluation Criteria

The alternatives were evaluated with respect to the following eight criteria as defined
in 310 CMR 40.0858:

Effectiveness: This criterion addresses a remedial alternative's ability to achieve a
Permanent or Temporary Solution; its effectiveness in reusing, recycling, destroying,
detoxifying, or treating the hazardous materials; and its effectiveness in reducing
levels of untreated hazardous material to concentrations that achieve or approach
bickground.

Short-term and Long-term Reliability: This criterion is used to assess the degree of
cartainty that an alternative will be successful and the effectiveness of measures
required to manage residues, remaining wastes, and control discharges to the
environment. This criterion includes assessment of both the probability of success of
risk reduction and/or contaminant mass reduction in the near term, as well as the
probability that the alternative will be successful in achieving the long-term remedial
goals.

Implementability: The Implementability criterion addresses the technical complexity
of the alternative; integration with existing facility operations; integration with other
remedial operations; maintenance and monitoring requirements; Site access
requirements; availability of necessary services and materials; availability of off-site
treatment, storage and disposal facilities; and whether the alternative meets regulatory
requirements for permits required by local, state or federal agencies.

45



Cost: Costs considered include design, construction, equipment, Site preparation,
labor, permits, disposal, operation, energy requirements, maintenance, monitoring,
environmental restoration and damages to natural resources. Costs are provided for
comparison and feasibility purposes only, and are considered accurate to
approximately +50/-30 percent.

The Net Present Value (NPV) is presented for alternatives that include ongoing
activities, such as operation, maintenance and/or monitoring. An annual discount rate
of 6 percent was used based on long-term typical United States public debt
bistruments. NPV estimates are provided for comparison only, and are considered
accurate to approximately +50/-30 percent.

Risks-t Short-term on-site and off-site risks during implementation are considered
under-this criterion. The Risk criterion also addresses on-site and off-site risks posed
cver the period of time required for the alternative to attain the remedial goal, and the
long-term potential risk posed by hazardous material remaining at the Site after the
completion of remedial activities.

Benefits: This criterion addresses the benefit of restoring natural resources;
providing for productive Site reuse; avoided costs of relocating people; and avoided
lost value of the Site.

Timeliness: The timeliness of eliminating uncontrolled sources or achieving a level
of No Significant Risk or No Substantial Hazard is evaluated under this criterion.

Effect on Non-pecuniary Interests: This criterion addresses the effect of the
alternative on non-monetary aspects, such as aesthetic values. It also includes impact
of the installation of remedial measures on the use of properties not owned by MEC.

B. Weighting of the Evaluation Criteria

In accordance with 40.0861(2)(b), the approach to the evaluation of Remedial Action
Alternatives and the weighting of the criteria listed above is provided herein. The
weighting of the Detailed Evaluation criteria varies slightly by Area; however the
following general approach is taken in evaluation of the Remedial Alternatives
according to the criteria listed above. The criterion that is given the greatest weight
in this Phase III is implementability. Properties on the Site have features such as
buildings and operating commercial businesses that limit the implementability of some
zemedial measures. The next tier of criteria includes effectiveness, cost and non-
pecuniary interests. Remedial Alternatives that would result in a cost-effective
Permanent Solution for the Site are considered more desirable than alternatives that
may not result in a Permanent Solution, or may represent a higher cost burden to
achieve a similar result (i.e., a Permanent or Temporary Solution). The non-
pecuniary interest criterion is used in this evaluation to consider the potential for
negative impacts on the businesses operating on the properties located within the Site
limitsLnd the effect that the implementation of the remedy may have on the
surrounding area. These potential impacts are important because the Site is located in
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an urban area near Malden Center, and disruption to the area could have far-reaching
financial implications to the businesses in the area and the community of Malden
itself. The reliability, benefits and risk criteria are also given due consideration, as
tiese are important factors in the selection of a remedial solution that will meet the
remedial goals. Because a condition of No Substantial Hazard exists for the terrestrial
portion of the Site, and a condition of No Significant Risk to Human Health and the
Environment exists for current site conditions, the Timeliness criterion is given the
least weight in this evaluation.

4.04 Selected Remedial Action Alternatives for the Site

Selected Remedial Action Alternatives and conceptual details regarding their implementation
(such as time requirements and order of implementation) are described at the conclusion of the
Detailed Evaluations for each Site Area. A summary of the selected overall Remedy for the
Site, which will be a combination of the selected remedies for each Site Area, is then
presented at the conclusion of this Phase III RAP, in Section X.
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V. EVALUATION OF REMEDIAL ALTERNATIVES FOR AREA I

5.01 Introduction

In this section, Remedial Action Alternatives to address contamination identified in Area 1 are
developed and evaluated. A brief summary of the existing conditions and remedial objectives
for Area 1 is provided below. Based on these conditions and objectives, an initial screening
of remedial technologies is presented in Section 5.04 to identify technologies that may be
reasonably likely to be feasible to address contamination identified on Area 1. Remedial
technologies that meet the initial screening criteria but are not applicable on Area 1 due to
specific site characteristics are eliminated from further consideration in Section 5.04 E.
RemediaL Action Alternatives are then developed in Section 5.05 by combining the remaining
remedial technologies based on knowledge of Site conditions and engineering judgement. A
detailed evaluation of the Remedial Action Alternatives is then conducted in Section 5.06, and
the recommended Remedial Alternative is presented in Section 5.07.

5.02 Summary of Area 1 Conditions

Area 1 is the northern portion of the 100 Commercial Street property, which is currently used
as part of the KeySpan Energy Delivery Operations Center. Area 1 is bounded by Centre and
Conmercial Streets and the MR and WEB culverts, and includes the portion of the MR
Culvert that abuts it. Types of contamination that have been identified in Area 1 include
TSM, shallow DNAPL, deep DNAPL, LNAPL and petroleum-impacted soil. The estimated
volume of shallow DNAPL on Area 1 is approximately 3,200 gallons, the estimated areal
extent of TSM is approximately 1,900 square yards (sy), and the estimated areal extent of
petroleum-impacted soils is approximately 3,200 sy. As described in Section 2.06, deep
DNAPL and LNAPL have not been identified in Area 1 monitoring wells during recent
monitoring events.

5.03 Summary of Area 1 Remedial Objectives

Remedial objectives were developed to mitigate risk related to future commercial use of
Area 1. Remedial objectives are listed below:

NAPL:
* Reduce thickness of DNAPL to less than % in.

Soil:
0 Reduce soil contaminant concentrations to less than the UCLs.
M Prevent exposure to soil within 15 ft of the ground surface to address potential risk to

future on-site industrial/commercial workers, and construction workers.

Because LNAPL and deep DNAPL have not been detected during recent monitoring events,
remedial measures for their removal from the subsurface will not be evaluated. Monitoring of
wells in which LNAPL and deep DNAPL have been detected will be conducted during
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implementation of the remedy. In the event that LNAPL or deep DNAPL are detected
consistently in a monitoring well, removal methods will be evaluated.

5.04 Initial Screening of Remedial Technologies for Area 1

An initial screening of remedial technologies was conducted to identify technologies that are
reasonably likely to be feasible at the Site, based on Site contaminants, contaminated media,
and specific Site characteristics. Per 310 CMR 40.0856, remedial technologies are
reasonably likely to be feasible if they are reasonably likely to achieve a Permanent or
Temporary Solution, and if individuals with the necessary expertise to implement the
technology are available.

Remedial technologies were screened for the contamination that contributes to exposure
pathways for which a condition of No Significant Risk could not be satisfied for foreseeable
future receptors on Area 1. A summary of the initial screening for Area I is presented in
Table XI, including a brief description of the remedial technologies, and a rationale for
retaining or eliminating the technology. Remedial technologies that meet the initial screening
criteria are listed and briefly described below.

A. Shallow DNAPL

I DNAPL extraction using recovery wells: Installation of large (8-in.)
diameter recovery wells, equipped with a submersible pump to extract
DNAPL from the subsurface. Extracted DNAPL would be pumped from
wells to small buildings on Site, in which it would be stored until it is
transported off-site for disposal. A DNAPL extraction well has been
operating on the southern portion of the 100 Commercial Street property
(Area 2) since October 2001, and has collected approximately 670 gallons of
DNAPL to date.

II DNAPL extraction/migration control using trenches: Excavation of
trenches that are keyed into the low-permeability organic deposit, and
backfilled with gravel to collect DNAPL. A recovery well would be installed
in the backfilled trench, equipped with a submersible pump to extract and
collect DNAPL. Trenches could used to control shallow DNAPL migration
from one portion of the Site to another through placement along property or
area boundaries. Extracted DNAPL would be stored in small buildings on
Site, and transported off-site for disposal or incineration.

1I Vertical subsurface barrier for DNAPL migration control: Installation of a
vertical barrier to DNAPL flow. Need depends on sequencing of DNAPL
remediation on adjacent properties or areas. The type of barrier would
depend on Phase IV design; potential options include a slurry wall, sheet
piling, or a WaterlooTM Barrier.

II Disposal or incineration: Off-site transport of extracted NAPL to an
appropriate receiving facility for disposal or incineration.
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B. Soil

U Excavation and off-site treatment: Excavate and remove contaminated soil
to an average depth of approximately 12 ft, along with DNAPL and LNAPL
where present, and transport impacted soils off-site for treatment. Suitable
excavated soils may be re-used as backfill on site. Implementation of this
action would require support of excavations and building foundations during
excavation, and may require demolition of on-site buildings if contamination
is located beneath buildings. Implementation would also require an enclosure
for control of vapors and odors.

* Installation of an Engineered Barrier: RCRA-type Engineered Barrier
consistent with 310 CMR 40.0000, to be installed over soil containing
contaminant concentrations in excess of the UCL. Installation of an
Engineered Barrier would require excavation of approximately 3 ft of soil,
followed by placement of an HDPE impermeable membrane, which would be
covered by approximately 1 ft of clean sand and a geo-composite drainage
layer. The drainage layer would be covered by a marker fabric, and either
pavement or a vegetated surface. Implementation of this alternative would
require demolition of buildings, if present in areas of contamination.

0 Installation/Maintenance of a Direct Contact Barrier: Installation and/or
maintenance of a surface barrier (i.e., 3 ft of soil, asphalt or concrete
pavement), to prevent direct contact with surface soils.

N Incineration: Off-site transport of excavated soil to an appropriate receiving
facility for incineration

* Ex-situ thermal descrption: Treatment of excavated soil material using
thermal desorption with an afterburner. May be performed on or off-site;
however on-site thermal desorption is not likely implementable due to the
urban location and active use of the Area.

* In-situ chemical oxidation: Injection of hydrogen peroxide, Fenton's
Reagent, or other oxidant into soil using temporary injection wells to
chemically break down contaminants to innocuous compounds. This remedial
method is not feasible when a significant amount of free-phase product (i.e.,
LNAPL or DNAPL) exists in the subsurface, as uncontrollable reactions can
result.

5 Activity and Use Limitations (AULs): Place restrictions on future property
use and activities to prevent potential exposure through a pathway for which a
condition of No Significant Risk could not be satisfied.
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C. Elimination of Remedial Technologies Based on Site Characteristics

Remedial technologies passed the initial screening portion of the evaluation process if
the technology is reasonably likely to achieve a Permanent or Temporary Solution,
and if experts are available to implement the technology. However, some
tezhnologies are not considered feasible in Area 1 due to specific site characteristics in
Area 1. Therefore, the remedial technologies listed in Table XII below are not
considered reasonably feasible in Area 1 and will not be incorporated into Remedial
A:tion Alternatives for Area 1.

TABLE XII
REMEDIAL TECHNOLOGIES ELIMINATED BASED ON SITE CHARACTERISTICS
AREA 1

Remedial Technology Target Reason For Elimination
Techrology Type Media

Extraction using Extraction Shallow Significantly more disruptive and
trenches DNAPL difficult to implement than extraction

wells, which have been demonstrated
to be effective on Area 2 for extraction
of DNAPL.

DNAPL migration DNAPL migration Shallow Significantly more disruptive and
control using control DNAPL difficult to implement than vertical
trenches subsurface barriers, which would likely

be effective for DNAPL migration
__________ control.

5.05 Development of Remedial Action Alternatives for Area 1

Remedial Action Alternatives for Area 1 are presented below. The Remedial Action
Alternativ es were developed using engineering judgement from the remedial technologies that
passed the initial screening and were not eliminated based on specific Site characteristics.
Approximate locations of the components of the Remedial Alternatives for Area 1 are shown
on Figure 16.

* Alternative 1-1: Excavation of TSM, and shallow DNAPL, and petroleum-impacted
soil, provisional shallow DNAPL migration control, and an AUL.

This alternative involves the excavation of the TSM and shallow DNAPL
contamination on the northern portion of Area 1 and excavation of the petroleum-
impacted soil on the southern portion of Area 1. Excavation of the petroleum-
impacted soil would also require demolition of the KeySpan maintenance garage.
Approximate locations of proposed remedial components for Area 1 are shown on
Figure 16. In addition to the removal of contaminated soil and DNAPL, excavation
of TSM located within the Area is intended to remove the source of shallow DNAPL
in the Area. If needed, DNAPL migration onto Area 1 would be prevented using a
vertical subsurface barrier, such as sheet piling or a WaterlooTM Barrier. It is

- anticipated that DNAPL migration control may be necessary in the event that the
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estimated DNAPL volume of approximately 3,200 gallons beneath Area 1, and a net
extraction rate of 35 gallons per month for the 5 extraction wells, it is estimated that
approximately 5 to 7 years will be required to reach the DNAPL remedial goals on
Area 1. Therefore, the estimated total time requirement to reach a Permanent
Solution in Alternative 1-3 is approximately 6 to 9 years. However, the long-term
rate of DNAPL recovery is difficult to estimate and may decrease with time. A
vertical subsurface barrier would be installed to prevent the migration of shallow
DNAPL from adjacent areas onto Area 1, if necessary. An AUL would be required
to maintain the Engineered Barrier.

Implementation of this alternative would involve closing off the majority of the Area
during excavation and installation of the Engineered Barrier, and therefore would
result in significant disruption to facility operations. Additionally, an estimated 240
truckloads would be required to transport the excavated soil off-site. Use of the Area
by the owner would likely be limited or completely discontinued during
implementation of the remedy.

U Alternative 1-4: Shallow DNAPL recovery, provisional shallow DNAPL migration
control, in-situ chemical oxidation of TSM area and petroleum-impacted soil, and an
AUL

Alternative 1-4 would involve the installation of five shallow DNAPL recovery wells
(as above in Alternative 1-3), and monitoring of deep monitoring wells for DNAPL
and shallow wells for LNAPL. A small storage building would be required on Area 1
to store recovered DNAPL prior to off-site disposal. If necessary, the migration of
shallow DNAPL from adjacent areas onto Area 1 would be prevented using a vertical
subsurface barrier, and TSM and petroleum-impacted soil would be treated through
injection of oxidants to promote in-situ chemical oxidation reactions. Chemical
oxidation treatment of impacted soil in this alternative would be conducted as the
treatment becomes feasible. In the case of TSM soils, chemical oxidation of soil
would not be feasible until DNAPL has been reduced to the extent practicable. In the
case of petroleum-impacted soils, LNAPL and DNAPL have not been identified;
therefore the feasibility of the treatment of soil is dependent on the current owner's
operational needs. As described above, it is estimated that approximately 5 to 7 years
will be required to reach the DNAPL remedial goals. For the purposes of estimation,
Alternative 1-4 includes implementation of chemical oxidation as one integrated
program for the TSM and petroleum-impacted soils once the DNAPL remedial goals
have been met. The chemical oxidation program is assumed to involve the installation
of approximately 150 temporary injection wells (assuming 20-ft spacing between the
wells), and three oxidant injections. Assuming chemical oxidation requires
approximately 1 to 2 years to implement, the time requirement to reach a Permanent
Solution in Alternative 1-4 is estimated to be approximately 6 to 9 years from the date
of implementation of DNAPL extraction. AULs may be required to mitigate risk
through future soil exposure pathways.

Disruption to facility operations during DNAPL. extraction would involve temporary
disruption during installation of extraction wells and a storage building, plus regular
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(weekly or monthly) maintenance activities performed on wells and at the storage
building and transport of extracted DNAPL off-site. Disruption to Area operations
during chemical oxidation would involve limitations on use of the Area for three
periods of approximately one month during installation of temporary injection wells
and injection of oxidant.

U Alternative 1-5: Shallow DNAPL recovery, Monitoring of LNAPL and deep
ENAPL, provisional shallow DNAPL migration control and AUL

Alternative 1-5 is a less intrusive remedial option than Alternatives 1-1 through 1-4 to
address the presence of MGP contamination on Area 1. This alternative involves the
installation of five shallow DNAPL recovery wells, monitoring of deep monitoring
wells for the presence of DNAPL, and monitoring for the presence of LNAPL in
nmonitoring wells. If shallow DNAPL migration control is required, vertical
subsurface barriers may be installed to prevent migration of DNAPL onto Area 1
from adjacent properties. As described above, it is estimated that five DNAPL
extraction wells would accomplish the DNAPL remedial goals in approximately 5 to 7
years. However, because this alternative does not include remediation of soil, a
Permanent Solution is not achieved in Alternative 1-5. An AUL will be required to
mitigate risk through future soil exposure pathways.

Disruption to facility operations during DNAPL extraction would involve temporary
disruption during installation of extraction wells and a storage building, plus regular
(weekly or monthly) maintenance activities performed on wells and at the storage
building and transport of extracted DNAPL off-site.

* Alternative 1-6: NAPL Monitoring and AUL

This alternative involves continued monitoring of LNAPL and DNAPL to ensure that
NAPL located in the subsurface on Area 1 does not migrate off-site. Because this
alternative does not involve removal of NAPL from the subsurface, it would not
require a subsurface barrier to shallow DNAPL migration. This alternative involves
minimal disruption to Area use during implementation of the remedy.

5.06 Dtailed Evaluation of Remedial Action Alternatives for Area 1

This section presents a Detailed Evaluation of the Remedial Action Alternatives presented
above, bas;ed on the criteria listed in Section 4.03. As with the other Areas, this evaluation is
based on the current property conditions and use, as described in Section 2.06 and
summarized in Section 5.02. A summary of the detailed evaluation of the six remedial action
alternatives developed for Area 1 is presented in Table XIII. Table XIII presents a summary
of the likely effectiveness, reliability, implementability, cost (net present value, or NPV),
risks, benefits, timeliness, and potential effect on non- pecuniary interests of each alternative.
A comparison of the six remedial alternatives based on these criteria is presented below.

As indicated in Table XIII, each of the six remedial action alternatives (with the exception of
Alternative 1-1) provisional shallow DNAPL migration control and an AUL. Achievement of
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a Permanent Solution on Area 1 will require accomplishment of the NAPL reduction remedial
goals. On Area 1, this goal is expected to be reasonably attainable with respect to deep
DNAPL and LNAPL, as these contaminants have not been observed on Area 1 during recent
monitor ing events. Provisional shallow DNAPL migration control is intended to be a method
of preventing the migration of shallow DNAPL from adjacent areas onto Area 1 once
remediation on Area 1 has been completed. Because these remedial components are common
to nearly all the remedial action alternatives proposed for Area 1, they do not have a
significant impact on the comparison of the alternatives and are not included in the evaluation
presented below. An AUL may be used to mandate specific land use requirements, such as a
requirement that commercial/industrial use of the property be maintained, eliminating
residential exposure pathways from consideration.

* Effectiveness: As shown on Figure 16, two distinct areas of contamination exist
within Area 1: the contamination associated with TSM on the northern portion of the
Area, and the petroleum-impacted soils on the southern portion of Area 1. Because
they involve excavation of the contamination associated with TSM, Alternatives 1-1
and 1-2 are considered the most effective of the proposed alternatives. Alternative
1-3 (Engineered Barrier installation) is less effective than Alternatives 1-1 and 1-2,
because although Alternative 1-3 eliminates the potential for exposure to contaminated
soil through the installation of an Engineered Barrier, DNAPL extraction is likely to
be a less effective means of DNAPL removal than excavation. Alternative 1-4 would
likely have a similar level of effectiveness in the long term as Alternative 1-3, as both
of these alternatives rely on DNAPL extraction wells to remove shallow DNAPL, and
both would eliminate potential for exposure to soil containing UCL exceedences. A
difference in effectiveness between Alternative 1-3 and 1-4 is that the Engineered
Barrier proposed in Alternative 1-3 provides more rapid elimination of UCLs in the
short term, however in-situ chemical oxidation proposed in Alternative 1-4 would
likely result in a reduction in contaminant concentrations, a more effective solution in
the long term. Alternative 1-5 is less effective than Alternatives 1-1, 1-2, 1-3, and
1-4, because it would not include measures (i.e., excavation or chemical oxidation) to
reduce concentrations of contaminants in soil to less than the UCLs. Alternative 1-6,
a "monitoring only" alternative, is the least effective of the six that were evaluated,
because it would not include shallow DNAPL extraction or measures to reduce
concentrations of contaminants to less than the UCLs. Alternatives 1-1, 1-2, 1-3, and
1-4 are likely Permanent Solutions for Area 1, although 1-3 and 1-4 would require a
significantly longer time to reach a Permanent Solution than Alternatives 1-1 and 1-2
(refer to timeliness below). Alternatives 1-5 and 1-6 represent Temporary Solutions.

0 Short and Long-term Reliability: In general, the alternatives that involve excavation
of the contamination associated with TSM on the northern portion of Area 1 (i.e.,
Alternatives 1-1 and 1-2) are considered the most reliable remedial alternatives.
Alternative 1-1 is considered the most reliable alternative, both in the short and long
term, of the six evaluated alternatives because it involves excavation of both the
contamination associated with TSM and the petroleum-impacted soil. Alternative 1-2,
which involves excavation of the TSM contamination and in-situ chemical oxidation of
petroleum-impacted soil, is also highly reliable; chemical oxidation has been used at
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other MGP and petroleum contamination sites to reduce concentrations of PAHs and
VOCs. Alternative 1-3 is ranked as moderately reliable, less reliable than
Alternatives 1-1 and 1-2 in the short and long term. Alternative 1-3 provides
relatively reliable elimination of the exposure pathway to UCLs in soil through
installation of an Engineered Barrier. However, DNAPL extraction wells are a less
certain method of DNAPL removal compared to excavation, and are likely to require
a longer time period to accomplish the DNAPL remedial goals than excavation.
Based on the successful operation of a DNAPL extraction well on Area 2, it is likely
that DNAPL extraction wells placed in proper locations on Area 1 will effectively
remove DNAPL from the subsurface: However, it is less certain that the DNAPL
r.emedial goals will be reached using DNAPL extraction wells than would be the case
iF the contamination were excavated. Alternative 1-4, which also relies upon DNAPL
extraction wells to remove DNAPL and uses in-situ chemical oxidation to reduce
concentrations of contaminants in soil, is also ranked as moderately reliable in the
short and long term. Alternative 1-4 is considered more reliable than Alternative 1-3
in the long term, because the in-situ chemical oxidation component of Alternative 1-4
would likely result in a reduction in contaminant concentrations. Alternative 1-5 is
considered moderately reliable in the short term, as DNAPL extraction wells are
likely to function reliably once installed. However, over the long term Alternative
1-5 is ranked as a low reliability alternative, because it does not include a method to
reduce contaminant concentrations in soil, which would be required for a Permanent
Solution. Reliability of Alternative 1-6 is low, as remedial systems are not installed
in this Alternative.

U Implementability: Implementability is an important criterion in the selection of a
remedial alternative for Area 1. Alternatives 1-1 and 1-2 would be difficult to
implement, due to the large volume of highly impacted soil that would be excavated
and transported off-site in these Alternatives. Nuisance odors and high truck traffic
would be very disruptive to the surrounding area of Malden Center, which has a
relatively high volume of public pedestrian and vehicular traffic. A temporary
enclosure would likely be required to contain potentially hazardous vapors, and
workers inside the enclosure would require Level B respiratory protection (i.e.,
supplied air). Excavation support, dewatering, and water treatment would also be
required. The KeySpan maintenance garage would need to be removed in order to
excavate petroleum-impacted soils in Alternative 1-1, and to install the Engineered
Barrier in Alternative 1-3. Demolition of the maintenance garage would not be
required in Alternatives 1-2 or 1-4, as oxidants may be delivered through the floor
slab of the garage, assuming proper ventilation of sub-slab soil can be provided.
Demolition of the Maintenance Garage also would not be required for Alternatives 1-5
and 1-6.

The alternatives that do not involve excavation of the TSM and shallow DNAPL are
generally considered to be more implementable than Alternatives 1-1 and 1-2.
Alternative 1-3 is considered moderately difficult to implement, due to the relatively
large volume of shallow soil that would be excavated to install an engineered barrier.
However, Alternative 1-3 would be considerably less disruptive than Alternatives 1-1
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and 1-2, because shallow soils (i.e., 0 to 3 ft bgs) in Area 1 are less contaminated
than deeper soils near the organic deposit. Alternative 1-3 would also not involve
excavation dewatering. Alternatives 1-4 and 1-5 are considered readily
implementable, because few difficulties are anticipated with the installation of
DNAPL extraction wells, and chemical oxidation of TSM and petroleum-impacted
soils after NAPL removal (included in Alternative 1-4) is expected to be relatively
straightforward. Alternative 1-6 is considered readily implementable, as it includes
only monitoring and does not call for the installation of remedial measures.

E Cost: As listed in Table XIII, Alternatives 1-1 and 1-2 are the most expensive, with
estimated 30-year NPV of approximately $4,900,000 (4.9M) and $2.3M,
respectively. The costs of Alternatives 1-1 and 1-2 are driven by the need for an
enclosed structure for excavation and off-site transportation and disposal of
contaminated soil and NAPL. The estimated 30-year NPV for Alternative 1-3, which
involves the installation of an Engineered Barrier and shallow DNAPL extraction
wells, is approximately $2. 1M. It is noteworthy that the estimated 30-year NPV for
Alternatives 1-2 and 1-3 are within 10%, indicating that installation of an engineered
barrier may not be a cost-effective solution on Area 1 due to the presence of shallow
DNAPL. The estimated 30-year NPV for Alternatives 14, 1-5, and 1-6 are
approximately $1.1M, $540K, and $110K, respectively. At approximately $1.1M,
Alternative 1-4 is currently the most cost-effective potential Permanent Solution for
Area 1.

* Risks: The highest level of risk for the evaluated alternatives for Area 1 is associated
with Alternatives 1-1 and 1-2, which have been given a "high" risk level for this
evaluation. These risks include risk of inhalation of vapors by workers and passersby
during excavation of TSM and contaminated soils. Mitigation of these risks would
require an enclosure and Level B respiratory protection during excavation. In Level
B excavation work inside an enclosure, workers would be subject to higher risks of
injury due to limited fields of vision and fatigue, as well as exhaustion and
dehydration. Additional risks to workers are involved with the handling and injection
of chemical oxidants in Alternative 1-2; these risks include hazards associated with
handling caustic reagents, and the potential for vapor, pressure and heat buildup
beneath pavement and structures during in-situ chemical oxidation. Risk associated
with the installation of an Engineered Barrier in Alternative 1-3 is considered to be
relatively low, because although this alternative involves excavation of shallow soils,
shallow soils on Area 1 are less impacted than deeper soils near the upper surface of
the organic deposit. A moderate level of risk is associated with Alternative 1-4; risks
associated with this alternative include the risks mentioned above for chemical
oxidation. Risk associated with Alternative 1-5 is scored as low, as this alternative
does not include excavation or chemical oxidation of TSM/soils. The lowest risk
level is associated with Alternative 1-6, which is a "monitoring only" alternative, and
involves very little potential for exposure to hazardous materials.

Long-term risks due to contamination left in-place are greatest in Alternative 1-6,
which does not remove DNAPL or contaminated soil. These risks are less for
Alternative 1-5, which removes DNAPL over the long term but leaves TSM in place.
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Long-term risk for Alternatives 1-4 and 1-3 are less than those associated with
Alternative 1-5 and similar to each other, as both remove DNAPL and eliminate the

potential for exposure to UCLs in soil. Alternatives 1-2 and 1-1 present the lowest

long-term risk, as they include removal or in-situ treatment of contamination.

* Benefits: Alternatives 1-1 and 1-2 provide the greatest benefit, as they provide the
greatest reduction in contaminant mass (i.e., removal/treatment of DNAPL, LNAPL
[if present] TSM, and impacted soil) on Area 1 in the shortest possible time frame.
Benefits of Alternative 1-3 include elimination of the potential for exposure to TSM
and contaminated soil in the short term, and removal of DNAPL, over time.
Alternative 1-4 would result in removal of DNAPL and reduction of soil contaminant
concentrations, both over the long term. Alternative 1-5 provides the benefit of the
removal of DNAPL from Area 1, but does not reduce soil contaminant
concentrations. Alternative 1-6 provides little benefit in terms of contaminant
reduction.

* Timeliness: There is significant variation in the timeliness of the evaluated
alternatives for Area 1. Alternatives 1-1 and 1-2 are the timeliest alternatives under
consideration for Area 1. Implementation of these alternatives is expected to result in
a Permanent Solution within approximately 1 to 3 and 2 to 4 years, respectively. The
other alternatives are less timely. Alternative 1-3 would eliminate the potential for
exposure to soil containing contaminant concentrations greater than the UCLs
(through the installation of an Engineered Barrier) within 1 to 2 years; however
attainment of the DNAPL remedial goals (and therefore a Permanent Solution) is
anticipated to require approximately 5 to 7 years. Therefore, the time required to
attain a Permanent Solution for Alternative 1-3 is approximately 6 to 9 years. The
estimated time requirement to attain a Permanent Solution in Alternative 1-4 is the
same as Alternative 1-3, approximately 6 to 9 years. Alternative 1-5 would require
approximately 5 to 7 years to reach the DNAPL remedial goals, but does not reach a
Permanent Solution because it does not include measures to reduce contaminant
concentrations in soil to below UCLs. Alternative 1-6 also would not reach a
Permanent Solution because it does not include measures to remove NAPL or to
reduce contaminant concentrations to less than UCLs.

* Effect on Non-pecuniary Interests: Implementation of Alternatives 1-1 and 1-2
would have a significant impact on the use of Area 1 and on the surrounding area of
Malden Center during excavation work. Excavation of TSM soil, because it contains
high concentrations of volatile and semivolatile compounds such as benzene and
naphthalene, would be conducted inside an enclosure to contain potentially harmful
vapors. Despite this precaution, nuisance odors are likely during the excavation
process. Additionally, transport of the anticipated volume of TSM soil
(approximately 3,725 cu yd), which is included in both Alternatives 1-1 and 1-2,
would require a minimum of approximately 150 truckloads (assuming approximately
25 cu yd per truck) to transport the soil to an off-site treatment facility. Transport of
the petroleum-impacted soil (approximately 12,800 cu yd), excavation of which is
included in Alternative 1-1, would require approximately 500 additional truckloads.
Importation of clean fill would likely require a similar number of truck trips, resulting
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ir. approximate total numbers of 1,300 truck trips for Alternative 1-1, and
approximately 300 truck trips for Alternative 1-2. This volume of truck traffic, over
a period of approximately six months to one year of excavation work, would have a
significant impact on the local area. The impact of Alternative 1-3 on the local area
would be less than Alternatives 1-1 and 1-2, due to the smaller anticipated excavation
volume and because contaminant concentrations are generally lower in shallow soils.
However, the excavation and Engineered Barrier construction work would still
require a significant amount of construction traffic and would likely be very disruptive
to the area. Additionally, construction of an Engineered Barrier would limit options
for future development on the Area. Implementation of Alternatives 1-4 and 1-5
would be significantly less disruptive to property use and to the local area than
Alternatives 1-1, 1-2 and 1-3, because Alternatives 1-4 and 1-5 do not involve
excavation of contaminated soil.

5.07 Selected Remedial Action Alternative for Area 1

In summary, Alternatives 1-1 and 1-2, which involve excavation of the contamination related
to TSM on the northern portion of the property, are likely the most effective, reliable, and
timely alternatives and provide the most benefit in terms of reducing contaminant
concentrations in the subsurface. However, these alternatives are also the most difficult to
implement, have the greatest associated short-term risk, are the most costly to implement, and
would have significant negative impacts on the community surrounding the Area during
implementation. Alternative 1-3 provides effective, reliable elimination of potential exposure
to UCLs at the site in a timely manner, but requires a lengthy period of time (i.e.,
approximately 6 to 9 years) to reach a Permanent Solution due to reliance on DNAPL
extraction to reach DNAPL goals. Further, Alternative 1-3 limits future Area use options
through the installation of an Engineered Barrier. Alternative 1-4 would reach a Permanent
Solution in a similar timeframe as Alternative 1-3, and is easier and less costly to implement.
Additionally, because Alternative 1-4 does not include excavation, it would have significantly
less impact on the surrounding area than Alternative 1-3. Because Alternative 1-4 is a likely
effective, reliable, and implementable Permanent Solution, it would be preferable over
Alternatives 1-5 and 1-6, which are not likely Permanent Solutions, and Alternative 1-4 is the
selected Remedial Action Alternative for Area 1. Alternative 1-4 involves the following
components:

* Shallow DNAPL extraction using wells equipped with submersible pumps;
* Chemical oxidation of soil (when feasible),
* Control of shallow DNAPL migration onto the property (if necessary) and
a An AUL to maintain commercial/industrial land use on the property.

Approximately five 8-in. diameter, shallow DNAPL extraction wells are anticipated to extract
DNAFL from the historic river channel on the northern portion of the property. Because
LNAPL and deep DNAPL have not been observed recently, monitoring will be conducted to
evaluate whether extraction of deep DNAPL and LNAPL is appropriate. Installation of
DNAPL extraction wells can begin once when facility operations allow the installation of
extracion wells and a NAPL storage facility on the property. In-situ chemical oxidation of
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petroleum-impacted soil may be implemented as appropriate, given the requirements of the
current property use. In-situ chemical oxidation of TSM soil, which is anticipated to require
approximately 1 to 2 years to implement, cannot be conducted until such time as the thickness
of DNAFL has been reduced to the extent practicable on the Site. This is anticipated to
require a:a estimated 5 to 7 years, based on the estimated quantity of DNAPL beneath Area 1
and observed DNAPL extraction rates in RW-1, a DNAPL extraction well located on Area 2.
Therefore the time requirement to attain a Permanent Solution on Area 1 is approximately 6 to
9 years. Shallow DNAPL migration control may be implemented to prevent the flow of
DNAPL from adjacent properties (i.e., Area 3) onto Area 1, which may prolong the time
required to achieve the remedial goals on Area 1. The projected Net Present Value of this
alternative is estimated to be approximately $1.IM.
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VI. EVALUATION OF REMEDIAL ALTERNATIVES FOR AREA 2

6.01 Introduction

In this se-:tion, Remedial Action Alternatives to address contamination identified in Area 2,
the southrn portion of the 100 Commercial Street property, are developed and evaluated. A
brief summary of the existing conditions and remedial objectives for Area 2 are provided
below. Based on these conditions and objectives, an initial screening of remedial technologies
is presented in Section 6.04 to identify technologies that may be applicable to address
contamiration identified on Area 2. Remedial technologies that meet the initial screening
criteria but are not applicable on Area 2 due to specific site characteristics are eliminated from
further consideration in Section 6.04 D. Remedial Action Alternatives are then developed in
Section 6.05 by combining the remaining remedial technologies based on knowledge of site
conditions and engineering judgement. A detailed evaluation of the Remedial Action
Alternatives is then conducted in Section 6.06, and the recommended Remedial Alternative is
presented in Section 6.07.

6.02 Summary of Area 2 Conditions

Area 2 is the southern portion of the 100 Commercial Street property currently owned by
KeySpai, as shown in Figure 15. Area 2 is bounded by Charles and Commercial Streets,
Area 1, and the MR Culvert. Area 2 includes a portion of the WEB Culvert, which transects
the northern portion of Area 2, and the section of the MR Culvert that abuts it to the east.
Area 2 was the location of several historic MGP features, including the historic condenser
house, a relief holder, a tar filter and tar spray pond. Types of contamination that have been
identified on Area 2 include TSM and shallow DNAPL, deep DNAPL, and LNAPL. The
estimated volume of NAPL in the subsurface includes approximately 11,500 gallons of
shallow DNAPL and 3,800 gallons of LNAPL. Based on the results of the Phase II
investigations, recoverable deep DNAPL is likely present on Area 2 in the vicinity of B108-
OW (refer to Figure 13). However, the volume is difficult to reliably estimate due to the
sporadic nature of the detections and the geology at depth. The areal extent of TSM-impacted
soils is estimated to be approximately 10,800 sy, and the areal extent of LNAPL-impacted
soils is estimated to be approximately 400 sy. These estimates include DNAPL and impacted
soil that likely exists beneath the 100 Commercial Street building. A DNAPL extraction well
(RW-1) has been operating successfully on Area 2 since October 2001; to date approximately
670 gallons of DNAPL have been extracted from the subsurface using this well.

6.03 Summary of Area 2 Remedial Objectives

Impacted media contributing to risk include DNAPL (shallow and deep), LNAPL, and soil.
Remecial objectives are listed below:

NAPL:
* Reduce thickness of DNAPL and LNAPL in monitoring wells to less than % in.
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Soil:
* Reduce soil contaminant concentrations to less than the UCLs.
* Prevent exposure to soil within 15 ft of the ground surface to address potential risk to

future on-site industrial/commercial workers, construction workers, and residents.

Other:
M Allow for continued operation of the on-site businesses.

6.04 Initial Screening of Remedial Technologies for Area 2

An initial screening of remedial technologies was conducted to identify technologies that are
reasonably likely to be feasible for Area 2, based on the type of contamination observed
within the Area, contaminated media present, and specific Area characteristics. Per 310
CMR 40.0856, remedial technologies are reasonably likely to be feasible if they are
reasonably likely to achieve a Permanent or Temporary Solution, and if individuals with the
necessary expertise to implement the technology are available to implement the technology.

Remedial technologies were screened for the contaminated media that contribute to exposure
pathways for which a condition of No Significant Risk could not be satisfied for foreseeable
future receptors on Area 2. A summary of the initial screening for Area 2 is presented in
Table XIV, including a brief description of the remedial technologies, and a rationale for
retaining or eliminating the technology. Remedial technologies that meet the initial screening
criteria are listed and briefly described below.

A. DNAPL

* DNAPL extraction using recovery wells: Installation of large (8-in.)
diameter recovery wells, equipped with a submersible pump to extract
DNAPL from the subsurface. Extracted DNAPL would be pumped to small
buildings on Site, stored and transported off-site for disposal or incineration.
A DNAPL extraction well has been operating on the northern portion of this
Area since October 2001, and has collected approximately 670 gallons of
DNAPL to date.

* DNAPL extraction/DNAPL migration control using trenches: Excavation
of trenches that are keyed into the low-permeability organic deposit, and
backfilled with gravel to collect DNAPL. A recovery well would be installed
in the backfilled trench, equipped with a submersible pump to extract and
collect DNAPL. Trenches may be installed along Area boundary to cut off
DNAPL flow and prevent migration of DNAPL onto the Area from adjacent
Areas. Extracted DNAPL would be stored in small buildings on Site, and
transported off-site for disposal or incineration.

* Vertical subsurface barrier for DNAPL migration control: Installation of a
barrier to DNAPL flow. The type of barrier would depend on the results of a
feasibility assessment; potential options include a slurry wall, sheet piling, or
a WaterlooTM Barrier. The barrier for Area 2 would also involve injection of
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grout through the base of the WEB Culvert to prevent DNAPL migration
through the crushed stone bedding beneath the culvert.

* Disposal or incineration: Off-site transport of extracted NAPL to an
appropriate receiving facility for disposal or incineration.

B. LNAPL

- Multi-phase Extraction (MPE): Extraction of groundwater, soil vapor and
LNAPL through the application of a vacuum to specially designed extraction
wells. Requires separation of NAPL from water and ex-situ treatment of both
groundwater and soil vapor.

* Belt-skimmer: Extraction of LNAPL using belt-skimmers, which consist of
two pulleys that drive a hydrophobic belt through the groundwater surface in
a monitoring well and to the top of the well, bringing the LNAPL to the
surface and skim the oil into a collection container. The belt-skimmer system
is driven by an electrical motor.

E Disposal or Incineration: Off-site transport of extracted NAPL to an
appropriate receiving facility for disposal or incineration

C. Soil

* Excavation and off-site treatment: Excavate and remove contaminated soil
to an average depth of approximately 12 ft, along with DNAPL and LNAPL
where present, and transport impacted soils off-site for treatment. Suitable
excavated soils may be re-used as backfill on site. Implementation of this
action would require support of excavations and building foundations during
excavation, and may require demolition of on-site buildings if contamination
is located beneath buildings. Implementation would also require an enclosure
for control of vapors and odors.

* Installation of an Engineered Barrier: RCRA-type Engineered Barrier
consistent with 310 CMR 40.0000, to be installed over soil containing
contaminant concentrations in excess of the UCL. Installation of an
Engineered Barrier would require excavation of approximately 3 ft of soil,
followed by placement of an HDPE impermeable membrane, which would be
covered by approximately 1 ft of clean sand and a geo-composite drainage
layer. The drainage layer would be covered by a marker fabric, and either
pavement or a vegetated surface. Implementation of this alternative would
require demolition of buildings, if present in areas of contamination. Would
require deeper excavation and construction of a clean utility corridor at
locations with subsurface utilities.
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* Installation/Maintenance of a Direct Contact Barrier: Installation and/or
maintenance of a surface barrier (i.e., 3 ft of soil, asphalt or concrete
pavement), to prevent direct contact with surface soils.

* Incineration: Off-site transport of excavated soil to an appropriate receiving
facility for incineration

N Ex-situ thermal desorption: Treatment of excavated soil material using
thermal desorption with an afterburner. May be performed on or off-site;
however on-site thermal desorption is not likely implementable due to the
urban location and active use of the Area.

E In-situ chemical oxidation: Injection of hydrogen peroxide, Fenton's
Reagent, or other oxidant into soil using temporary injection wells to
chemically break down contaminants to innocuous compounds. This remedial
method is not feasible when a significant amount of free-phase product (i.e.,
LNAPL or DNAPL) exists in the subsurface, as uncontrollable reactions can
result.

* Activity and Use Limitations (AULs): Place restrictions on future property
uses and activities to prevent potential exposure through a pathway for which
a condition of No Significant Risk could not be satisfied.

D. Elimination of Remedial Technologies Based on Site Characteristics

Area 2 represents a portion of the KeySpan Operations Center and consists of a large
(37,000 sf) commercial building and a parking lot used to store a fleet of service

. vehicles. Remedial Action Alternatives for Area 2 are developed based on the
assumptions that current use continues into the future (i.e., the existing building
remains on site, and that the commercial business is not re-located for the installation
of remedial components on the Area). Area 2 is located in a public, urban area, and
experiences high traffic volume in its current use. Excavation of soil on Area 2 to
achieve the remedial objectives is not considered reasonably feasible at this time due
to the presence of the large building on the Area. Based on this reasoning, six
remedial technologies that met Initial Screening criteria are not reasonably feasible on
Area 2 and will not be incorporated into Remedial Action Alternatives for Area 2.
These technologies are summarized below in Table XV:
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TABLE XV
REMEDIAL TECHNOLOGIES ELIMINATED BASED ON SITE CHARACTERISTICS
AREA 2

Remedial Technology Target Media Reason For Elimination
Technology Type

Extraction Extraction Shallow Significantly more disruptive and difficult to
using trenches DNAPL implement than extraction wells, which

have been demonstrated to be effective on
Area 2 for extraction of DNAPL.

DNAPL DNAPL Shallow Significantly more disruptive and difficult to
migration migration DNAPL implement than vertical subsurface
control using control barriers, which would likely be effective for
trenches DNAPL migration control.
Excavation and Physical Soil/TSM Excavation beneath the building is
off-site Removal infeasible; therefore this remedial method
treatment cannot achieve a Permanent Solution for

I the Site.

Incineration Ex-situ Soil/TSM Not necessary if soil is not excavated.
treatment I

Thermal Ex-situ SoilITSM Not necessary if soil is not excavated.
desorption treatment I
Engineered Barrier Soil/TSM Installation of an Engineered Barrier would
Barrier not result in a Permanent Solution for the

Area due to the presence of a building on
the Area; contamination is located beneath
the building and the existing building
cannot serve as a barrier to potential
exposure.

6.05 Development of Remedial Action Alternatives for Area 2

Three Re.medial Action Alternatives that are reasonably likely to meet the remedial objectives
have been developed for Area 2 and are described below. Approximate locations of the
components of the Remedial Alternatives for Area 2 are shown on Figure 17.

U Alternative 2-1: Shallow and deep DNAPL recovery, LNAPL recovery using MPE,
provisional shallow DNAPL migration control, in-situ chemical oxidation of TSM and
LNAPL-impacted soil, and AUL

Alternative 2-1 involves the installation of shallow and deep DNAPL extraction wells
equipped with submersible pumps, MPE wells for the extraction of LNAPL,
provisional shallow DNAPL migration control using vertical subsurface barriers, in-
situ chemical oxidation of TSM soil, and AULs to ensure that current
industrial/commercial property conditions are maintained on the property. In this
alternative, approximately 13 DNAPL extraction wells would be installed in locations
on Area 2 where DNAPL is known to exist based on subsurface investigations to date,
and where low spots are known or inferred to exist in the organic peat and silt
deposit. Based on the estimated DNAPL volume of approximately 11,500 gallons and
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en observed recovery rates observed in RW-1, it is estimated that attainment of the
DNAPL remedial goals will require approximately 7 to 10 years.

Alternative 2-1 also includes the installation of approximately 12 MPE wells.
Because it applies a very high vacuum in the vicinity of the extraction wells, MPE
typically results in rapid LNAPL extraction rates and is included as an aggressive
approach to remove LNAPL from the subsurface. It is estimated that MPE would
require approximately 2 years to reach the LNAPL remedial goals on Area 2.

lin-situ chemical oxidation is proposed in Alternative 2-1 to reduce concentrations of
contaminants in accessible soil once the free-phase product is removed. In-situ
chemical oxidation would be implemented using a network of approximately 245
:emporary injection wells (assuming a 20-ft radius of influence), and is anticipated to
require approximately 2 to 3 years to implement. It is assumed that chemical
oxidation is not reasonably feasible beneath the 100 Commercial Street building or
beneath the WEB Culvert due to the disruption this would cause to the commercial
business located in the building, and the potential for the build-up of heat and vapors
beneath the building and the culvert. Therefore, in-situ chemical oxidation would be
conducted in accessible soils only. Chemical oxidation of TSM and LNAPL-impacted
soils is not feasible until DNAPL and LNAPL have been removed, to the extent
practicable; therefore it would not be implemented until the NAPL remedial goals
have been reached on the Area. Implementation of chemical oxidation on Area 2
would require significant reductions in use of the Area surrounding the 100
Commercial Street building during installation of temporary injection wells and
injection of oxidants.

Vertical subsurface barriers to shallow DNAPL flow may be installed to prevent
migration of shallow DNAPL onto Area 2 from adjacent areas. This may be desired
in the event that remedial goals are met and a Permanent Solution is reached on Area
2 before they are reached on adjacent areas. The vertical barrier for Area 2 would
involve driven sheet piling or a WaterlooM Barrier, as shown on Figure 17, and grout
injected through the base of the WEB Culvert to prevent potential DNAPL migration
in the crushed stone beneath the culvert.

Alternative 2-1 is anticipated to require approximately 9 to 13 years to complete.
However, contaminants (TSM and shallow DNAPL) would likely remain beneath the
100 Commercial Street building following implementation of Alternative 2-1,
necessitating an AUL. Because TSM (i.e., UCL exceedences in soil) and shallow
DNAPL would likely remain beneath the building in this alternative, Alternative 2-1
would not achieve a Permanent Solution and therefore represents a Temporary
Solution.

U Alternative 2-2: Shallow and deep DNAPL recovery, LNAPL recovery using belt-
skimmers, provisional shallow DNAPL migration control, and AUL

Alternative 2-2 involves the installation of 13 shallow and deep DNAPL extraction
wells, 6 LNAPL extraction wells equipped with belt-skimmers, provisional shallow
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DNAPL migration control using vertical subsurface barriers, and AULs to ensure that
current property conditions are maintained on the Area. It is anticipated that the
LNAPL remedial goals may be met in approximately 4 to 6 years, and the DNAPL
remedial goals may be met in approximately 7 to 10 years. However, because
DNAPL likely exists beneath the 100 Commercial Street building, it is possible that
the DNAPL remedial goals may not be achievable on Area 2 under current conditions
and use. TSM would also remain on the Area in Alternative 2-2. Therefore,
Alternative 2-2 also represents a Temporary Solution.

M Alternative 2-3: LNAPL and shallow and deep DNAPL monitoring and AUL

Alternative 2-3 is a monitoring alternative. Based on Site data collected to date, the
LNAPL and DNAPL plume dimensions appear stable; this alternative proposes
monitoring to ensure that the extents of LNAPL and DNAPL impacts do not expand.

6.06 Detailed Evaluation of Remedial Action Alternatives for Area 2

This section presents a Detailed Evaluation of the three Remedial Action Alternatives
presented above, based on the criteria listed in Section 4.03. As with the other Areas, this
evaluation is based on the current property conditions and use, as described in Section 2.06
and sunmarized in Section 6.02. A summary of the detailed evaluation of the three Remedial
Action Alternatives developed for Area 2 is presented in Table XVI. Table XVI presents a
summary of the likely effectiveness, reliability, implementability, cost (net present value,
NPV), risks, benefits, timeliness, and potential effect on non- pecuniary interests of each
alternative. The presence of the existing KeySpan operations building currently located on
Area 2 limits the implementability and effectiveness of some remedial alternatives on Area 2.
Because it is likely that DNAPL and TSM soil containing contaminant concentrations greater
than UCLs are located beneath the building, a Permanent Solution is not proposed for Area 2;
the remedial alternatives evaluated below represent Temporary Solutions. A comparison of
the three remedial alternatives based on these criteria is presented below.

U Effectiveness: Because Alternative 2-1 includes LNAPL extraction using MPE,
Alternative 2-1 is likely to provide more effective and more rapid LNAPL removal
than Alternative 2-2. MPE is generally more effective in low-permeability soils; the
effectiveness of MPE on Area 2 will therefore depend on the permeability of soils
within the LNAPL area. However, the same method of DNAPL extraction is
proposed in Alternatives 2-1 and 2-2; therefore DNAPL extraction would occur at the
same rate in both of these alternatives. It is unlikely that either Alternatives 2-1 or 2-
2 would reach the DNAPL remedial goals, because DNAPL would likely remain
beneath the 100 Commercial Street building; however, they would likely be effective
at removing significant DNAPL mass from the subsurface in this Area. Additionally,
it is likely that TSM exists beneath the building, and would also remain beneath the
building under these alternatives. Therefore, neither Alternative 2-1 nor 2-2 would
reach a Permanent Solution. Both Alternatives 2-1 and 2-2 are ranked with a
"moderate" level of effectiveness, because although they do not reach a Permanent
Solution, they will reduce the volume of DNAPL and LNAPL present on the Area.
Alternative 2-3 also would not provide a Permanent Solution, as it is a monitoring-
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only alternative, and is given a "low" effectiveness ranking, because it does not
reduce the volume of NAPL on Area 2. Each of the evaluated alternatives represents
a Temporary Solution for Area 2.

* Short and Long Term Reliability: The technologies proposed in Alternatives 2-1
(DNAPL extraction wells, MPE, and in-situ chemical oxidation) and 2-2 (DNAPL
extraction wells and belt-skimmers) are considered reliable remedial technologies.
Both alternatives are considered moderately reliable in the short and long term,
although MPE is considered a slightly more reliable method of LNAPL extraction
than belt-skimmers. The reliability criterion is not relevant for Alternative 2-3, as a
remedial system is not proposed in this Alternative.

* Implementability: Alternative 2-1 is considered somewhat difficult to implement,
because the proposed MPE system would require extraction equipment and a
groundwater and vapor treatment system on Area 2 and the chemical oxidation
component would require approximately 245 injection points. Injection of oxidants
beneath the buildings on Area 2 is not considered reasonably feasible due to the
disruption this would cause to the commercial businesses located in the buildings, and
the potential for the build-up of heat and vapors beneath the buildings. Therefore it is
assumed that chemical oxidation would not be conducted beneath the buildings on
Area 3. These technologies could present significant logistical problems for the Area
facility operations. Alternative 2-2 is readily implementable; the belt-skimmers
included in Alternative 2-2 would involve considerably less intrusion than MPE into
the commercial operations on the Area, as significantly less space and equipment are
required to implement this remedial component. Additionally, Alternative 2-2 does
not include in-situ chemical oxidation, which is not fully implementable due to the
presence of the building on Area 2. Alternative 2-3, which includes monitoring of
LNAPL and DNAPL on Area 2, is readily implementable.

* Cost: Alternative 2-1, which is the most aggressive remedial alternative, is also the
most costly alternative, with an estimated NPV of approximately $2.4M. The
estimated NPV for Alternative 2-2 is approximately $1.3M. The estimated NPV for
Alternative 2-3, which is a monitoring alternative, is approximately $1 10K.

* Risks: Low to moderate risk is associated with the three alternatives evaluated for
Area 2. Moderate risks associated with Alternative 2-1 include those associated with
handling of extracted LNAPL and DNAPL, and handling the caustic oxidants during
in-situ chemical oxidation. Low risk is associated with implementation of Alternative
2-2, including the handling of extracted LNAPL and DNAPL. Risks associated with
Alternative 2-2 are somewhat less than those associated with Alternative 2-1, as
Alternative 2-2 does not involve the handling of caustic oxidants. Alternative 2-3
involves few risks of exposure to hazardous chemicals.

Long-term risks due to potential exposure to contamination left in place are higher in
Alternatives 2-2 and 2-3, because these alternatives do not include measures to reduce
contaminant concentrations in soil. This long-term risk is reduced somewhat in
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Alternative 2-1, which includes in-situ chemical oxidation to reduce contaminant
concentrations in accessible soils.

" 3enefits: Alternatives 2-1 and 2-2 both provide the benefit of reducing the quantity of
LNAPL and DNAPL in the subsurface. The completeness of the removal of DNAPL
is dependent on the ability of DNAPL extraction wells surrounding the 100
Commercial Street building to remove DNAPL from beneath the building.
Alternative 2-1 includes some additional benefit due to the in-situ chemical oxidation
component, which would reduce contaminant concentrations in accessible soil.
However, soil beneath the building would not be accessible for chemical oxidation
treatment. Alternative 2-3 produces no significant beneficial reduction of
contaminants, as it includes neither NAPL extraction nor soil remediation.

" Timeliness: LNAPL removal using MPE in Alternative 2-1 is likely to require
approximately 2 years, which would be more rapid than removal using belt-skimmers
in Alternative 2-2, which is anticipated to require approximately 4 to 6 years. The
meihod and therefore the rate of DNAPL extraction is the same in both
Alternatives 2-1 and 2-2; DNAPL extraction is expected to continue for
approximately 7 to 10 years on Area 2. It is unlikely that the DNAPL extraction
wells proposed in Alternatives 2-1 and 2-2 will accomplish the DNAPL remedial
goals, as a portion of the DNAPL on Area 2 is located beneath the 100 Commercial
Street building. Chemical oxidation of TSM and LNAPL-impacted soil, which is
prop sed as a remedial component in Alternative 2-1, would not be implementable
until LNAPL and DNAPL have been reduced to the extent practicable. In-situ
chemical oxidation is anticipated to require approximately 2 to 3 years to reach the
soil remedial goals; however soils beneath the 100 Commercial Street building are not
accessible for chemical oxidation treatment. Therefore the remedial goals will not be
met for soils beneath the building. Alternative 2-3 could be implemented immediately
and would continue for the foreseeable future, until a Permanent Solution can be
implemented.

" Effect on Non-pecuniary Interests: Alternative 2-1 results in more adverse effects on
non-pecuniary interests, because the MPE system and chemical oxidation injection
proposed in this alternative would require more equipment and would have a greater
impact on property use than Alternative 2-2. Both Alternatives 2-1 and 2-2 would
require the construction of a small NAPL storage building on the Area, which is not
expected to have a significant effect on the aesthetics or use of the Area. The
requirement for a small DNAPL storage building may be satisfied through
modificztions to the existing building located on the northern side of the KeySpan
Operations building, which was constructed in association with the installation of the
existing DNAPL recovery well. Alternative 2-3 would have very little effect on use
of the Area or aesthetics,

6.07 Selected .Remedial Action Alternative for Area 2

In summary, although Alternative 2-1 may be slightly more effective and reliable and provide
marginal additional benefit over Alternative 2-2, neither alternative would provide a
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Permanent Solution for Area 2. Implementation of Alternative 2-1 would likely provide
slightly more effective, reliable, and rapid LNAPL removal than Alternative 2-2, and would
reduce the quantity of DNAPL on the Area. Alternative 2-1 would also provide additional
benefit of reduced contaminant concentrations in accessible soil. However, Alternative 2-1
would not reach a Permanent Solution because DNAPL and TSM would likely remain beneath
the 100 Commercial Street building. The belt-skimmers proposed for LNAPL extraction in
Alternative 2-2 are considered to be a relatively reliable technology, and would provide
effective LNAPL extraction over time. Implementation of Alternative 2-2 would also provide
for effective reduction in the quantity of DNAPL in accessible areas, and like Alternative 2-1,
Alternative 2-2 would not result in a Permanent Solution. Alternative 2-3, which involves
monitoring of LNAPL and DNAPL, also would not result in a Permanent Solution. Based on
the successful operation of a DNAPL extraction well on Area 2, DNAPL extraction is feasible
on the property and therefore Alternative 2-3, which does not include DNAPL extraction, is
not considered a viable alternative. Both Alternatives 2-1 and 2-2 would have the same result
(i.e., would result in a Temporary Solution due to the contamination that would remain
beneath the 100 Commercial Street building). Therefore, because of the implementation
difficulties, impact on use, and higher cost of Alternative 2-1, Alternative 2-2 is the selected
remedy for Area 2.

Implementation of Alternative 2-2 would involve the installation of approximately 13 DNAPL
recovery wells, placed in locations of likely DNAPL accumulation, as shown on Figure 17.
Approximately 6 belt-skimmer wells would be installed on the southwestern corner of the
Area to remove LNAPL, as shown on Figure 17. A vertical barrier to DNAPL migration
may also be installed, if necessary. The anticipated time requirement to reach the DNAPL
remedial goals is approximately 7 to 10 years, based on assumed DNAPL extraction rates.
However, it is likely that DNAPL will remain beneath the 100 Commercial Street building on
Area 2.
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VIL EVALUATION OF REMEDIAL ALTERNATIVES FOR AREA 3

7.01 Introduction

In this section, Remedial Action Alternatives to address contamination identified in Area 3,
the norttern portion of Parcel A. Area 3 is bounded by Centre Street to the north, the MBTA
Orange line to the west, Area 4 to the south, and Commercial Street to the east. Area 3 is
comprised of four separately owned properties, including 51 Commercial Street, 65
Commercial Street, 77 Commercial Street, and 89 Commercial Street. Use of these
properties is currently commercial, and involves a high degree of public access. The WEB
Culvert :rosses Area 3 between the 77 Commercial Street and the 89 Commercial Street
properties. A brief summary of the existing conditions and remedial objectives for Area 3 are
provided below. Based on these conditions and objectives, an initial screening of remedial
technolcigies is presented in Section 7.04 to identify technologies that may be applicable to
address contamination identified on Area 3. Remedial technologies that meet the initial
screening criteria but are not applicable on Area 3 due to specific site characteristics are
eliminated from further consideration in Section 7.04. Remedial Action Alternatives are then
developed in Section 7.05 by combining the remaining remedial technologies based on
knowledge of site conditions and engineering judgement. A detailed evaluation of the
Remedial Action Alternatives is then conducted in Section 7.06, and the recommended
Remedial Alternative is presented in Section 7.07.

7.02 Summary of Area 3 Conditions

TSM and shallow DNAPL contamination has been identified on Area 3. This contamination
is likely residual from historic MGP operations and the operation of the American Tar
Company, which operated on the northern portion of Area 3 and land to the north of Area 3,
which is now Centre Street. The historic location of the American Tar Company is shown on
Figure 5. According to the conceptual model for the Site, DNAPL flow beneath Area 3 is by
gravity along the upper surface of the organic deposit. The majority of the DNAPL in the
subsurface on Area 3 is believed to be located in the historic Malden River channel, which is
a low area in the organic deposit and is shown on Figure 7. The volume of shallow DNAPL
in the subsurface on Area 3 is estimated to be approximately 3,700 gallons, and the areal
extent of TSM-impacted soils is estimated as 8,400 sy. These estimates include DNAPL and
impacted soil that likely exist beneath the buildings located on Area 3.

7.03 Summary of Area 3 Remedial Objectives

Impacted media on Area 3 include shallow DNAPL and soil. Remedial objectives are listed
below:

NAPL:
* Reduce thickness of DNAPL in monitoring wells to less than in.

Soil:
* Reduce soil contaminant concentrations to less than the UCLs.
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* Prevent exposure to soil within 15 ft of the ground surface to address potential risk to
future on-site industrial/commercial workers and construction workers.

Other:
M Allow for continued operation of the on-site businesses.

7.04 Initial Screening of Remedial Technologies for Area 3

An initial screening of remedial technologies was conducted to identify technologies that are
reasonably likely to be feasible for Area 3, based on the type of contamination observed
within lhe Area, contamination present, and specific Area characteristics. Per 310 CMR
40.0856, remedial technologies are reasonably likely to be feasible if they are reasonably
likely to achieve a Permanent or Temporary Solution, and if individuals with the necessary
expertise to implement the technology are available to implement the technology.

Remedial technologies were screened for the contaminated media that contribute to exposure
pathways for which a condition of No Significant Risk could not be satisfied for future
receptcrs on Area 3. A summary of the initial screening for Area 3 is presented in
Table XVII, including a brief description of the remedial technologies, and a rationale for
retaining or eliminating the technology. Remedial technologies that meet the initial screening
criteria are listed and briefly described below by the medium they address.

A. DNAPL

* DNAPL extraction using recovery wells: Installation of large (8-in.)
diameter recovery wells, equipped with a submersible pump to extract
DNAPL from the subsurface. Extracted DNAPL would be pumped to small
buildings on Site, stored and transported off-site for disposal or incineration.
A DNAPL extraction well has been operating on the northern portion of Area
2 since October 2001, and has collected approximately 670 gallons of
DNAPL to date.

* DNAPL extraction/DNAPL migration control using trenches: Excavation
of trenches that are keyed into the low-permeability organic deposit, and
backfilled with gravel to collect DNAPL. A recovery well would be installed
in the backfilled trench, equipped with a submersible pump to extract and
collect DNAPL. Trenches may be installed along Area boundary to cut off
DNAPL flow and prevent migration of DNAPL onto the Area from adjacent
Areas. Extracted DNAPL would be stored in small buildings on Site, and
transported off-site for disposal or incineration.

* Vertical subsurface barrier for DNAPL migration control: Installation of a
barrier to DNAPL flow. The type of barrier would depend on the results of a
feasibility assessment; potential options include a slurry wall, sheet piling, or
a WaterlooT" Barrier. The barrier for Area 3 could also include injection of
grout through the base of the WEB Culvert to prevent DNAPL migration
through the crushed stone bedding beneath the culvert.
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C. Elimination of Remedial Technologies Based on Site Characteristics

As described above, Area 3 is comprised of four individually owned properties with
five operating commercial businesses. Each property consists of a small building a
parking lot, and minimal landscaped space. Area 3 is located in a public, urban area,
with a high degree of public access in its current use. Therefore, remedial
technologies that result in significant disruption to business operations or public
nuisance are considered infeasible. Likewise, DNAPL extraction or remediation of
TSM or soil beneath buildings to achieve the remedial objectives is not considered
easible. Based on this reasoning, six remedial technologies are not reasonably
Feasible on Area 3 and will not be incorporated into Remedial Action Alternatives for
Area 3. These remedial technologies are summarized below in Table XVIII:

TABLE XVIII
REMEDIAL TECHNOLOGIES ELIMINATED BASED ON SITE CHARACTERISTICS
AREA 3

Remedial Technology Target Reason For Elimination
Technology Type Media

Extraction using Extraction Shallow Significantly more disruptive and difficult to
trenches DNAPL implement than extraction wells, which have

been demonstrated to be effective on Area
3 for extraction of DNAPL.

DNAPL DNAPL Shallow Significantly more disruptive and difficult to
migraton control migration DNAPL implement than vertical subsurface barriers,
using irenches control which would likely be effective for DNAPL

migration control.

Excavation and Physical Soil/TSM Excavation beneath the building is
off-site Disposal Removal infeasible; therefore this remedial method

cannot achieve a Permanent Solution for
the Site.

lncine-ation Ex-situ Soil/TSM Not necessary if soil is not excavated.
treatment

Thermal Ex-situ Soil/TSM Not necessary if soil is not excavated.
desorption treatment
Engineered Barrier Soil/TSM Installation of an Engineered Barrier would
Barrier not result in a Permanent Solution for the

Area due to the presence of four buildings
on the Area; contamination is likely located
beneath the existing buildings and the
buildings cannot serve as barriers to

________ ___________potential exposure.

7.05 Development of Remedial Action Alternatives for Area 3

Three Remedial Action Alternatives developed to meet the remedial goals for Area 3 are
discussed below. Approximate locations of the components of the Remedial Alternatives for
Area 3 are shown on Figure 18.
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U Alternative 34: Shallow DNAPL recovery, provisional shallow DNAPL migration
control, in-situ chemical oxidation of TSM and soil, and AUL

Alternative 3-1 would involve the installation of approximately 12 shallow DNAPL
recovery wells, and construction of a small storage building to store recovered
DNAPL prior to off-site disposal. Based on the estimated volume of DNAPL on
Area 3 (approximately 3,700 gallons) and observed recovery rates for DNAPL
recovery RW-1 on Area 2, it is estimated that the DNAPL remedial goals may be
attained in approximately 3 to 5 years. However, because of the presence of the four
buildings on Area 3, DNAPL may remain in the subsurface, preventing the attainment
of a Permanent Solution for the Area. The migration of shallow DNAPL from
adjacent areas onto Area 3 could be prevented using a vertical subsurface barrier,
which would consist of driven sheeting as indicated on Figure 18. The vertical
barrier could also involve injection of grout through the base of the WEB Culvert to
prevent DNAPL migration through the crushed stone base beneath the culvert. The
locations of the vertical barriers coincide with the historic river channels that
previously flowed from east to west in the northern portion of Area 3, then
meandered to the south and back to the west at the approximate location of the current
WEB culvert. Given the variations in the historic river bottom, as expressed by the
depressed area of the organic deposit, it is not possible to make a direct correlation
between the former flow direction of the river and the migration direction of shallow
DNAPL.

Following completion of DNAPL recovery, TSM soil would be treated in-situ through
injection of oxidants in accessible soils, using a network of approximately 180
injection wells (assuming 20-ft radius of influence) to promote chemical oxidation
reactions. It is assumed that chemical oxidation will not be conducted beneath
buildings on Area 3 or beneath the WEB Culvert, due to the possibility for the build-
up of heat and vapors beneath these structures. It is anticipated to require three
oxidant injections over a period of approximately 2 to 3 years. During
implementation of chemical oxidation on Area 3, use of the parking areas surrounding
the buildings on the Area would be significantly reduced, due to temporary well
installation and oxidant injection activities. AULs may be required to mitigate risk
through future soil exposure pathways.

* Alternative 3-2: Shallow DNAPL recovery, provisional shallow DNAPL migration
control and AUL

Alternative 3-2 is a less intrusive remedial option to address the presence of TSM and
shallow DNAPL contamination on Area 3. This alternative involves the installation
of approximately 12 shallow DNAPL recovery wells to recover DNAPL from the
subsurface, as proposed in Alternative 3-1. If shallow DNAPL migration control is
required, vertical subsurface barriers may be installed to prevent migration of
DNAPL onto Area 3 from adjacent properties. This alternative does not include a
remedial component to address residual soil TSM contamination and will not achieve
a Permanent Solution. An AUL may be required to mitigate risk through future soil
exposure pathways.
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U Alternative 3-3: Shallow DNAPL monitoring and AUL

Alternative 3-3 is a monitoring alternative. Based on Site data collected to date, the
DNAPL plume dimensions appear stable; this alternative proposes monitoring to
ensure that the extent of DNAPL impact does not expand.

7.06 Detailed Evaluation of Remedial Action Alternatives for Area 3

This section presents a Detailed Evaluation of the three Remedial Action Alternatives
presented above, based on the criteria listed in Section 4.03. As with the other Areas, this
evaluation is based on the current property conditions and use, as described in Section 2.06
and summarized in Section 7.02. A summary of the detailed evaluation of the three Remedial
Action Alternatives developed for Area 3 is presented in Table XIX. Table XIX presents a
summary of the likely effectiveness, reliability, implementability, cost (net present value, or
NPV), risks, benefits, timeliness, and potential effect on non- pecuniary interests of each
alterna:ive. The presence of the existing buildings currently located on Area 3 limits the
implementability of Alternatives 3-1 and 3-2. Because it is likely that DNAPL and soil
containing contaminant concentrations greater than UCLs are located beneath these buildings,
a Permanent Solution is not proposed for Area 3; the remedial alternatives evaluated below
represent Temporary Solutions. A comparison of the three remedial alternatives based on
these criteria is presented below.

* Effectiveness: It is unlikely that Alternatives 3-1 or 3-2, both of which include
DNAPL extraction using extraction wells, would reach the DNAPL remedial goals,
because DNAPL would likely remain beneath the buildings located on Area 3.
Additionally, it is likely that TSM exists beneath the buildings, and would also remain
beneath the building under Alternatives 3-1 and 3-2. Therefore, although Alternatives
3-1 and 3-2 would reduce the quantity of DNAPL on Area 3, neither would reach a
Permanent Solution. Both Alternatives 3-1 and 3-2 are ranked with a "moderate"
effectiveness. Alternative 3-3 also would not provide a Permanent Solution, as it is a
monitoring-only alternative, and does not reduce the quantity of DNAPL. Therefore
Alternative 3-3 is ranked as "low" under the effectiveness category. Each of the three
evaluated alternatives represents a Temporary Solution for Area 3.

* Short and Long Term Reliability: The technologies proposed in Alternatives 3-1
(DNAPL extraction wells and in-situ chemical oxidation of soil) and 3-2 (DNAPL
extraction wells) are considered reliable remedial technologies. Both alternatives 3-1
and 3-2 are considered moderately reliable in the short and long term. Reliability is
not considered relevant to Alternative 3-3, as a remedial system is not installed under
this Alternative.

* Implementability: The DNAPL extraction components of Alternatives 3-1 and 3-2 are
readily implementable, although implementability of a DNAPL extraction system
would be contingent upon agreements with property owners to construct a small
DNAPL storage building on one of the properties on Area 3. Additionally, installation
of 180 chemical oxidation wells on Area 3, as proposed in Alternative 3-1, would
likely cause significant disruption to the operating businesses on the Area. As
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component in Alternative 3-1, would not be implementable until the quantity of
DNAPL has been reduced to the extent practicable using DNAPL extraction wells.
Once it is implementable, in-situ chemical oxidation is anticipated to require
approximately 2 to 3 years to reach the soil remedial goals; however soils beneath the
buildings on Area 3 are not accessible for chemical oxidation treatment. Therefore
the remedial goals would not likely be met for soils beneath the building.
Alternative 3-3 could be implemented immediately and would continue for the
foreseeable future, until a Permanent Solution can be implemented.

U Effect on Non-pecuniary Interests: Alternatives 3-1 and 3-2 would both have a
moderate impact on property use and aesthetics. Both of these alternatives would
require the construction of a small NAPL storage building on a property within the
Area. Alternative 3-1 would have additional impact on property use, as this
alternative would involve three injections of chemical oxidant into soil beneath the
Area. These injections may not be acceptable to the property owners, due to the
public nature of the businesses operating on these properties. Alternative 3-3 would
have very little effect on use of the Area or aesthetics.

7.07 Selected Remedial Action Alternative for Area 3

Implementation of either Alternatives 3-1 and 3-2 would result in effective, reliable reduction
in the quantity of DNAPL in accessible portions of Area 3. Neither alternative would result
in timely achievement of the DNAPL remedial goals; this is anticipated to require
approximately 3 to 5 years for both of these alternatives. The in-situ chemical oxidation
comporent included in Alternative 3-1 would provide additional benefit of reduction in
contamnant concentrations; however this remedial component cannot be implemented until
the quaitity of DNAPL has been reduced to the extent practicable. Neither Alternative 3-1
nor 3-2 would reach a Permanent Solution because DNAPL and TSM would likely remain
beneath the buildings located on Area 3. Alternative 3-3, which involves monitoring of
DNAPL, also would not result in a Permanent Solution. Based on the successful operation of
a DNA PL extraction well on Area 2, DNAPL extraction is feasible on the Site. Therefore,
DNAPL extraction should be included in the selected remedy for Area 3 and Alternative 3-3
is not ccnsidered a viable alternative. Both Alternatives 3-1 and 3-2 would have the same
outcome (i.e., would result in a Temporary Solution due to the contamination that would
remain beneath the buildings). Therefore, because of the implementation difficulties, impact
on use, and higher cost of Alternative 3-1, Alternative 3-2 is the selected remedy for Area 3.

Alternative 3-2 involves the installation of approximately 12 shallow DNAPL extraction
wells, which would be installed in locations at which the top of the organic deposit is
relatively low. Proposed locations for DNAPL extraction wells are shown on Figure 18;
DNAPL extraction well locations are proposed along the historic Malden River channel, in
order to maximize the effectiveness of this alternative.
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VIII. EVALUATION OF REMEDIAL ALTERNATIVES FOR AREA 4

8.01 Introduction

In this section, Remedial Action Alternatives are developed to address contamination
identified in Area 4, which is the southern portion of Parcel A, as shown on Figure 19. Area
4 is bounded by Charles Street to the south, the MBTA Orange line to the west, Area 3 to the
north, and Commercial Street to the east. Area 4 is comprised of one property on which two
buildings are located, containing medical offices and other businesses involving a high degree
of public use. A brief summary of the existing conditions and remedial objectives for Area 4
are provided below. Based on these conditions and objectives, an initial screening of remedial
technologies is presented in Section 8.04 to identify technologies that may be applicable to
address contamination identified on Area 4. Remedial technologies that meet the initial
screening criteria but are not applicable on Area 4 due to specific site characteristics are
eliminated from further consideration in Section 8.04. Remedial Action Alternatives are then
developed in Section 8.05 by combining the remaining remedial technologies based on
knowledge of site conditions and engineering judgement. A detailed evaluation of the
Remedial Action Alternatives is then conducted in Section 8.06, and the recommended
Remedal Alternative is presented in Section 8.07.

8.02 Summary of Area 4 Conditions

LNAPL has been identified in one monitoring well on the southwestern portion of Area 4, and
in a monitoring well located in the Commercial Street ROW, just east of Area 4. A small
area of TSM contamination has been identified in the southern portion of Area 4, as well as
along tie northern boundary of Area 4 with Area 3. This contamination is likely residual
from historic MGP operations; historic MGP features that have been located on Area 4
include gas production buildings, condensers, tar filters, gas holders and purification
facilities. The historic location of MGP features is shown on Figure 5. The volume of
LNAPL in the subsurface on Area 4 is estimated to be approximately 5,600 gallons. The
areal eutent of TSM-impacted soil is estimated as approximately 560 sy, and the volume of
LNAPL-impacted soils is estimated as approximately 640 sy. These estimates do not include
contaminated soils that may be located beneath the buildings located on Area 4.

8.03 Summary of Area 4 Remedial Objectives

Area 4 contains impacts from TSM and LNAPL. Remedial objectives are listed below:

NAPL:
E Reduce thickness of LNAPL in monitoring wells to less than % in.

Soil:
E Reduce soil contaminant concentrations to less than the UCLs.
z Prevent exposure to soil within 15 ft of the ground surface to address potential risk to

future on-site industrial/commercial workers and construction workers.
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Other:
* Allow for continued operation of the on-site businesses.

8.04 Initial Screening of Remedial Technologies for Area 4

An initial screening of remedial technologies was conducted to identify technologies that are
reasonabLy likely to be feasible for Area 4, based on the type of contamination observed
within th: Area, contamination present, and specific Area characteristics. Per 310 CMR
40.0856, remedial technologies are reasonably likely to be feasible if they are reasonably
likely to achieve a Permanent or Temporary Solution, and if individuals with the necessary
expertise to implement the technology are available to implement the technology.

Remedial technologies were screened for the contaminated media that contribute to exposure
pathways for which a condition of No Significant Risk could not be satisfied for current or
future receptors on Area 4. A summary of the initial screening for Area 4 is presented in
Table XK, including a brief description of the remedial technologies, and a rationale for
retaining or eliminating the technology. Remedial technologies that meet the initial screening
criteria are listed and briefly described below by the medium they address.

A. LNAPL

* Multi-phase Extraction (MPE): Extraction of groundwater, soil vapor and
LNAPL through the application of a vacuum to specially designed extraction
wells. Requires separation of NAPL from water and ex-situ treatment of both
groundwater and soil vapor.

* Belt-skimmer: Extraction of LNAPL using belt-skimmers, which consist of
two pulleys that drive a hydrophobic belt through the groundwater surface in
a monitoring well and to the top of the well, bringing the LNAPL to the
surface and skim the oil into a collection container. The belt-skimmer system
is driven by an electrical motor.

* Disposal or Incineration: Off-site transport of extracted NAPL to an
appropriate receiving facility for disposal or incineration.

B. Soil

* Excavation and off-site treatment: Excavate and remove contaminated soil
to an average depth of approximately 12 ft, along with LNAPL where
present, and transport impacted soils pff-site for treatment. Suitable
excavated soils may be re-used as backfill on site. Implementation of this
action would require support of excavations and building foundations during
excavation, and may require demolition of on-site buildings if contamination
is located beneath buildings. Implementation would also require an enclosure
for control of vapors and odors.
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U Installation of an Engineered Barrier: RCRA-type Engineered Barrier
consistent with 310 CMR 40.0000, to be installed over soil containing
contaminant concentrations in excess of the UCL. Installation of an
Engineered Barrier would require excavation of approximately 3 ft of soil,
followed by placement of an HDPE impermeable membrane, which would be
covered by approximately 1 ft of clean sand and a geo-composite drainage
layer. The drainage layer would be covered by a marker fabric, and either
pavement or a vegetated surface. Implementation of this alternative would
require demolition of buildings, if present in areas of contamination. Would
require deeper excavation and construction of a clean utility corridor at
locations with subsurface utilities.

* Installation/Maintenance of a Direct Contact Barrier: Installation and/or
maintenance of a surface barrier (i.e., 3 ft of soil, asphalt or concrete
pavement), to prevent direct contact with surface soils.

* Incineration: Off-site transport of excavated soil to an appropriate receiving
facility for incineration

* Ex-situ thermal desorption: Treatment of excavated soil material using
thermal desorption with an afterburner. May be performed on or off-site;
however on-site thermal desorption is not likely implementable due to the
urban location and active use of the Area.

* In-situ chemical oxidation: Injection of hydrogen peroxide, Fenton's
Reagent, or other oxidant into soil using temporary injection wells to
chemically break down contaminants to innocuous compounds. This remedial
method is not feasible when a significant amount of free-phase product (i.e.,
LNAPL) exists in the subsurface, as uncontrollable reactions can result.

* Activity and Use Limitations (AULs): Place restrictions on future property
uses and activities to prevent potential exposure through a pathway for which
a condition of No Significant Risk could not be satisfied.

C. Elimination of Remedial Technologies Based on Site Characteristics

As described above, Area 4 consists of a privately owned property, on which two
buildings are located with operating commercial businesses. The property consists of
two small buildings, parking space, and minimal landscaped space. Area 4 is located
in a relatively public, urban area, with a high degree of public access in its current
use. Therefore, remedial technologies that result in significant disruption to business
operations or public nuisance are considered infeasible. Likewise, LNAPL extraction
or remediation of TSM or soil beneath buildings to achieve the remedial objectives is
not considered feasible due to the presence of the two buildings on the Area. Based
on this reasoning, four remedial technologies are not reasonably feasible on Area 4
and will not be incorporated into Remedial Action Alternatives for Area 4. These
technologies are listed below in Table XXI:
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TABLE XXI
REMEDIAL TECHNOLOGIES
AREA 4

ELIMINATED BASED ON SITE CHARACTERISTICS

Remadial Technology Target . .
Technology Type Media Reason For Ehmmation

Excavation Physical Soil/TSM Excavation beneath the building is infeasible;
and of'-site Removal therefore this remedial method cannot achieve a
Disposal Permanent Solution for the Site.

Incineration Ex-situ Soil/TSM Not necessary if soil is not excavated.
treatment

Thermal Ex-situ Soil/TSM Not necessary if soil is not excavated.
desorption treatment
Engineered Barrier Soil/TSM Installation of an Engineered Barrier would not
Barrier result in a Permanent Solution for the Area due to

the presence of two buildings on the Area;
contamination is likely located beneath the
buildings and the existing buildings cannot serve

I - _as barriers to potential exposure.

8.05 Development of Remedial Action Alternatives for Area 4

Three Remedial Action Alternatives that are reasonably likely to meet the remedial objectives
have been developed for Area 4 and are described below. Approximate locations of the
comporents of the Remedial Alternatives for Area 4 are shown on Figure 19.

M Alternative 4-1: LNAPL recovery using MPE, in-situ chemical oxidation of TSM
and LNAPL-impacted soil, and AUL

Alternative 4-1 involves the installation of MPE wells for the extraction of LNAPL,
in-situ chemical oxidation of TSM and LNAPL-impacted soils, and AULs to ensure
that current conditions are maintained on the Area. Implementation of MPE on
Area 4 would involve the installation of approximately 20 MPE wells. Because it
applies a high vacuum, MPE results in rapid LNAPL extraction rates and is included
as an aggressive approach to remove LNAPL from the subsurface. It is anticipated
that approximately 2 years would be required to reach the LNAPL remedial goals in
Alternative 4-1. Chemical oxidation of LNAPL-impacted soils is not feasible until
LNAPL has been removed, to the extent practicable; therefore it would not be
implemented in areas impacted by LNAPL until the LNAPL remedial goals have been
reached for the Area. Further, it is assumed that chemical oxidation of LNAPL-
impacted soils would not be conducted beneath the buildings on Area 4. Chemical
oxidation of TSM-impacted soils on the northern portion of Area 4 may be
implemented once access has been obtained, as NAPL has not been observed in this
portion of the Area. Chemical oxidation of the TSM and LNAPL-impacted soils on
Area 4 is anticipated to require approximately 1 to 2 years.
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M Alternative 4-2: LNAPL recovery using belt-skimmers and AUL

Alternative 4-2 involves the installation of approximately 13 LNAPL extraction wells

equipped with belt-skimmers and an AUL to ensure that current property conditions
are maintained on the Area. Based on the estimated volume of LNAPL on Area 4 and

anticipated rates of LNAPL recovery, it is estimated that the LNAPL remedial goals
may be attained in approximately 3 to 5 years. However, it is considered likely that
LNAPL may exist beneath the southern building on Area 2; therefore attainment of

the LNAPL remedial goals may not be attainable on Area 4. This alternative does not

include in-situ chemical oxidation, as this technology is not likely to be feasible
beneath the buildings on the Area.

U Alternative 4-3: LNAPL monitoring and AUL

Alternative 4-3 is a monitoring alternative; this alternative proposes monitoring to
ensure that the extent of LNAPL impacts does not expand.

8.06 Detailed Evaluation of Remedial Action Alternatives for Area 4

This section presents a Detailed Evaluation of the three Remedial Action Alternatives
presenled above, based on the criteria listed in Section 4.03. As with the other Areas, this
evaluation is based on the current property conditions and use, as described in Section 2.06
and summarized in Section 8.02. A summary of the detailed evaluation of the three Remedial

Action Alternatives developed for Area 4 are presented in Table XXII. Table XXII presents a

summary of the likely effectiveness, reliability, implementability, cost (net present value, or
NPV), risks, benefits, timeliness, and potential effect on non- pecuniary interests of each
alternative. The presence of the existing buildings currently located on Area 4 limits the
implementability and effectiveness of some remedial alternatives for Area 4. Because it is
likely ihat LNAPL and soil containing contaminant concentrations greater than UCLs are
located beneath buildings, a Permanent Solution is not proposed for Area 4; the remedial
alternatives evaluated below represent Temporary Solutions. A comparison of the three
remedial alternatives based on these criteria is presented below.

M Effectiveness: Because Alternative 4-1 includes LNAPL extraction using MPE,
Alternative 4-1 is likely to provide more effective and more rapid LNAPL removal
than Alternative 4-2. MPE is generally more effective in low-permeability soils; the
effectiveness of MPE on Area 4 will therefore depend on the permeability of soils
within the LNAPL area. However, it is unlikely that either Alternatives 4-1 or 4-2
would reach the LNAPL remedial goals, because LNAPL would likely remain
beneath the buildings located on Area 4. Additionally, it is likely that contaminated
soil, potentially containing soil contamination in excess of UCLs, exists beneath the
buildings on Area 4, and would also remain beneath the building under these
alternatives. Therefore, neither Alternative 4-1 nor 4-2 would reach a Permanent
Solution. Because Alternatives 4-1 and 4-2 would reduce the volume of LNAPL on
Area 4 but would only achieve a Temporary Solution, both are ranked with a
"moderate" level of effectiveness. Alternative 4-3 also would not provide a
Permanent Solution, as it is a monitoring-only alternative, but would not reduce the
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volume of TSM or LNAPL on the Area. Therefore Alternative 4-3 is given a "low"
effectiveness ranking. Each of the evaluated alternatives represents a Temporary
Solution for Area 4.

* Short and Long Term Reliability: The technologies proposed in Alternatives 4-1
(MPE and in-situ chemical oxidation) and 4-2 (belt-skimmers) are considered reliable
remedial technologies. Both alternatives are considered moderately reliable in the
short and long term, although MPE is considered a slightly more reliable method of
LNAPL extraction than belt-skimmers because MPE is a more aggressive system and
has been used successfully at other sites for LNAPL removal. The reliability criterion
is not relevant for Alternative 4-3, as a remedial system is not proposed in this
Alternative.

* Implementability: Alternative 4-1 is considered moderately difficult to implement,
because the proposed MPE system would require approximately 20 MPE wells,
extraction equipment and a groundwater and vapor treatment system on Area 4.
Additionally, 35 chemical oxidation wells would be required in Alternative 4-1.
Remedial facilities such as these would disrupt the current use of the Area.
Alternative 4-2 is readily implementable; the belt-skimmers included in Alternative
4-2 would involve considerably less intrusion than MPE into the commercial
operations on the Area, as significantly less space and equipment are required to
implement this remedial component. Additionally, Alternative 4-2 does not include
in-situ chemical oxidation, which is not fully implementable due to the presence of the
building on Area 4. Alternative 4-3, which includes monitoring of LNAPL on
Area 4, is readily implementable.

* Cost: The estimated NPV for Alternative 4-1, which includes MPE and chemical
oxidation of TSM and LNAPL-impacted soils is approximately $1.3M. The NPV for
Alternative 4-2 is significantly lower, $510K, as it includes a less aggressive approach
to the removal of LNAPL (i.e., belt-skimmers) and does not include chemical
oxidation of TSM and LNAPL-impacted soils. The estimated NPV for the monitoring
alternative 4-3 is approximately $1OOK.

* Risks: Moderate to low risks are associated with the three alternatives evaluated for
Area 4. Moderate risks associated with Alternative 4-1 include those associated with
handling of extracted LNAPL, and handling the caustic oxidants during in-situ
chemical oxidation. Risk associated with implementation of Alternative 4-2 is
somewhat lower than in Alternative 4-1, and includes the handling of extracted
LNAPL only. For alternatives 4-1 and 4-2, in which LNAPL extraction is proposed,
measures would be required to ensure that people on the property (including
employees, medical patients or other visitors) do not come into contact with extraction
equipment or extracted LNAPL. Alternative 4-3 involves few risks of exposure to
hazardous chemicals.

Long-term risks associated with contamination left in place are highest for
Alternatives 3-2 and 3-3; Alternative 3-3 does not include removal of LNAPL from
the subsurface, and neither Alternative 3-2 nor Alternative 3-3 includes measures to
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reduce concentrations of contaminants in soil. Long-term risks are lowest in
Alternative 3-1, which includes in-situ chemical oxidation to reduce contaminant
concentrations in accessible soils.

0 Benefits: Alternatives 4-1 and 4-2 both provide the benefit of reducing the quantity of
LNAPL on the Area. The completeness of the removal of LNAPL is dependent on
the ability of LNAPL extraction wells adjacent to the building to remove DNAPL
from beneath the building. As mentioned above under "Effectiveness", MPE
(proposed in Alternative 4-1) may be more effective at reducing the quantity of
LNAPL beneath the buildings on Area 4. Alternative 4-1 also includes some
additional benefit due to the in-situ chemical oxidation component, which would
reduce contaminant concentrations in accessible soil. However, soil beneath the
building would not be accessible for chemical oxidation treatment. Alternative 4-3
produces little beneficial reduction of contaminants, as it includes neither LNAPL
extraction nor soil remediation.

* Timeliness: LNAPL removal using MPE in Alternative 4-1 is likely to require
approximately 2 years, which would be more rapid than removal using belt-skimmers
in Alternative 4-2, which is anticipated to require approximately 3 to 5 years.
However, it is unlikely that the LNAPL extraction wells proposed in Alternatives 2-1
and 2-2 will accomplish the LNAPL remedial goals, as it is believed that a portion of
the LNAPL on Area 4 is located beneath the buildings on Area 4. Chemical oxidation
of TSM and LNAPL-impacted soil, which is proposed as a remedial component in
Alternative 4-1, would not be implementable until LNAPL quantity has been reduced
to the extent practicable. In-situ chemical oxidation is anticipated to require
approximately 2 years to reach the soil remedial goals; however soils beneath the
buildings are not accessible for chemical oxidation treatment. Therefore the remedial
goals will not be met for soils beneath the building. Alternative 4-3 could be
implemented immediately and would continue for the foreseeable future, until a
Permanent Solution can be implemented.

* Effect on Non-pecuniary Interests: Alternative 4-1 is likely to have greater adverse
effects on non-pecuniary interests, because the MPE system and chemical oxidation
injection proposed in this alternative would require more equipment and would have a
greater impact on property use than Alternative 4-2. Both Alternatives 4-1 and 4-2
would require the construction of a small NAPL storage building on the Area. It is
not known whether the construction of this building on Area 4 would be acceptable to
the property owner. Alternative 4-3 would have very little effect on use of the Area
or aesthetics.

8.07 Selected Remedial Action Alternative for Area 4

In summary, although Alternative 4-1 may be slightly more effective and reliable and provide
marginal additional benefit over Alternative 4-2, neither alternative would provide a likely
Permanent Solution for Area 4. Implementation of Alternative 4-1 would likely provide
slightly more effective, reliable, and rapid LNAPL removal than Alternative 4-2, and would
also provide additional benefit of reduced contaminant concentrations in accessible soil.
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However, Alternative 4-1 would not reach a Permanent Solution because LNAPL and
contaminated soil would likely remain beneath the buildings located on Area 4. The belt-
skimmers proposed for LNAPL extraction in Alternative 4-2 are considered to be a relatively
reliable technology, and would provide effective LNAPL extraction over time. Like
Alternative 4-1, Alternative 4-2 would not result in a Permanent Solution. Alternative 4-3,
which involves monitoring of LNAPL and no contaminant removal or reduction, also would
not result in a Permanent Solution. Therefore Alternative 4-3, which does not include an
LNAPL extraction component, is not a recommended alternative. Both Alternatives 4-1 and
4-2 would result in a Temporary Solution due to the contamination that may remain beneath
the buildings on the Area. Therefore, because of the implementation difficulties, impact on
use and higher cost of Alternative 4-1, Alternative 4-2 is the selected remedy for Area 4.
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IX. EVALUATION OF REMEDIAL ALTERNATIVES FOR AREA 5

9.01 Introduction

Brown and Caldwell conducted a focused evaluation of remedial alternatives for Area 5. This
section presents a summary of Brown and Caldwell's Phase III RAP for Area 5. The Brown
and Caldwell evaluation, which is included in Appendix E of this Report, includes a statement
of Remedial Action Objectives, an Identification and Initial Screening of Technologies and
Develorment of Remedial Alternatives, a Detailed Evaluation of Remedial Action
Alternatives, and Selection of a Remedial Action Alternative for Area 5.

9.02 Remedial Action Objectives

A. Risk Characterization Summary

The Human Health Risk Characterization satisfied a condition of No Significant Risk
for current and future exposure pathways on Area 5. A condition of No Significant
Risk to Public Welfare and the environment was also satisfied.

Although a condition of No Significant Risk has been satisfied for the indoor air
inhalation pathway, the level of potential risk presented by the elevated levels of
VOCs is approximately equivalent to the MADEP criteria at which a condition of No
Significant Risk cannot be satisfied. Additionally, the data used in the Risk
Characterization were collected during operation of a pilot-scale sub-slab ventilation
system. Therefore, an evaluation of remedial alternatives to address indoor air was
conducted.

B. Remedial Action Objectives

Remedial alternatives were developed to mitigate potential risk due to volatilization of
benzene and naphthalene into indoor air. This may be accomplished through
reduction of contaminant concentrations in groundwater and/or controlling vapor
migration. MEC is conducting an evaluation of the HVAC system inside the building
to assess the feasibility of making modifications to the existing system. The
evaluation is being conducted to assess whether implementation of modifications to
the existing system or installation of a new system is a feasible measure to control the
infiltration of vapors from the subgrade. Therefore, the Brown and Caldwell
evaluation did not include remedial alternatives for the HVAC system.

9.03 Identification, Initial Screening, and Development of Remedial Action
Alternatives

A. Identification and Screening of Technologies

The Brown and Caldwell evaluation recommends the use of horizontal directional
drilling (HDD) technology to install remedial measures on Area 5. HDD would
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involve installation of horizontal wells or vapor extraction systems beneath the
building. The evaluation states that a thorough utility location effort would be
required prior to HDD installation and information regarding the building foundation
system would be necessary. If this information is not available, a field investigation is
recommended. The evaluation also states that if historic MGP structures shown on
historic maps are encountered during drilling operations, the well installation layout
may have to be revised. Brown and Caldwell stated that it may be possible to drill
through the former MGP structures, depending on the condition and types of material
used for construction. Finally, the Brown and Caldwell evaluation stated that the
presence of the structures may provide preferential pathways for air or oxidants, and
may reduce treatment efficiencies.

Remedial measures evaluated in the Brown and Caldwell evaluation would be installed
using HDD methods. The remedial technologies that met the initial screening criteria
include the following:

* Air Sparging: Injection of air into groundwater at relatively high flow rates to
promote volatilization and biodegradation of VOCs in groundwater.

* Biosparging: Injection of air or oxygen into groundwater at relatively low
flow rates to promote biodegradation of VOCs in groundwater.

* Chemical Oxidation using Ozone: Chemical conversion of hazardous
constituents to less toxic compounds that are more stable, less mobile or inert.
Ozone would be generated on-site and may be sparged or dissolved in water
and injected into the subsurface.

B. Development of Remedial Action Alternatives

Each of the technologies listed above were identified by Brown and Caldwell as potential
remedial alternatives for the treatment of groundwater on Area 5. It was assumed that a SVE
system would be installed in each remedial alternative as a vapor management system to
control vapor migration into the facility. The following are the remedial action alternatives
evalualed by Brown and Caldwell:

* Alt-1: No Further Action
This alternative would include no further remedial measures to address groundwater
and soil vapor impacts on Area 5. This alternative includes groundwater monitoring
at Area 5.

* Alt-2: Air Sparging with SVE
This alternative would include horizontal air sparging wells spaced at 30-ft intervals
beneath the building and an SVE system to control migration of vapors. The
estimated air sparge flow rate would be 750 scfm; the SVE system is described
below.

M Alt-3: Biosparging with SVE
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This alternative would include biosparging wells spaced at 30-ft intervals beneath the
building and an SVE system to control migration of vapors. The estimated biosparge
rate would be 375 scfm.

* Alt-4: Chemical Oxidation using Ozone with SVE
This alternative would include application of ozone similar to an air sparging system
or a biosparging system, with an SVE system to control migration of vapors.

* SVE Component: An SVE system would be installed using horizontal wells in the
unsaturated zone in Alt-2, Alt-3, and Alt-4 to capture vapors that may be migrating
into indoor air. SVE extraction systems generally have extraction rates 1.25 to 5 times
greater than the biosparging rate.

9.04 Detailed Evaluation of Remedial Alternatives

The following is a summary of the detailed evaluation of the remedial alternatives presented
by Brown and Caldwell.

* Effectiveness: Alt-I would not achieve a Permanent Solution. Alt-2, Alt-3, and Alt-4
would effectively treat the contaminants and achieve a Permanent Solution, however
the timeframe in which this would be accomplished is uncertain because areas of
elevated concentrations are not well defined and cannot be directly assessed.

0 Reliability: Alt-i would not successfully achieve the remedial action objectives. For
1he remaining alternatives, Brown and Caldwell stated that the reliability of the
ireatment mechanisms has been shown to be effective for many sites with the types of
contaminants on Area 5. For this application, the reliability of the alternatives would
be more dependent on the ability of the horizontal well injection system to deliver the
air, nutrients or ozone to the treatment area.

* Difficulty in Implementation: The horizontal well system would have to be designed
1o not interfere with subgrade utilities, the foundation structure of the building and
possibly historic MGP structures. Field testing prior to the design would be necessary
in order to determine well spacing. Monitoring would also be required to assess the
effectiveness of the alternative. There is sufficient availability of services, materials,
equipment and specialists for implementation of the alternatives, and operation of the
alternatives could be integrated with existing facility operations and conditions. The
horizontal well system in Alt-2, Alt-3, and Alt-4 would have to be designed to not
interfere with subgrade utilities and the foundation structure of the building, and well
Spacing would need to be calculated based on field studies.

N Costs: Capital installation costs for the alternatives are as follows: Alt-1, $0; Alt-2,
$900,000; Alt-3, $840,000; Alt-4, $1,100,000. The estimated total present net worth
of monitoring costs for the alternatives are as follows: Alt-1, $440,000; Alt-2,
$100,000; Alt-3, $130,000; Alt-4, $100,000.

90



M Risks: Alt-i does not have short-term risks associated with implementation, however
long-term risks are associated with leaving contamination in place. Short-term risks
in Alt-2, Alt-3, and Alt-4 would be the limited potential exposures to soils from
cuttings during well installation. For Alt-4, there is the potential for exposures to
ozone gas, should leakage occur.

M Benefits: Alt-1 does not reduce concentrations in a reasonable timeframe. Alt-2, Alt-
3, and Alt-4 would lower the concentrations of contaminants in groundwater and
therefore would enhance the restoration of Area 5. Implementation of the alternatives
would not affect facility operations because equipment could be located in a non-
obtrusive location.

M Timeliness: Alt-I would require the longest time frame to achieve the remedial
objectives. Alt-2 (air sparging) and Alt-4 (chemical oxidation with ozone) would
likely require the shortest time frame, approximately 3 years. Alt-3 (biosparging)
would likely require approximately 5 years.

M Non-pecuniary interests: Alt-1 would not have any effect on non-pecuniary interests,
The remaining alternatives would require installation of horizontal wells and an
equipment building to house equipment. Monitoring activities would be required as
well.

9.05 Selection of a Remedial Action Alternative

The following is a summary of Brown and Caldwell's comparison of the alternatives evaluated
in the detailed evaluation, feasibility evaluation and the recommended alternative to address
groundwater and soil impacts on Area 5.

A. Comparison of Alternatives

Alt-i was rated the least favorable alternative and not considered a viable alternative.
The remaining alternatives were rated favorably for this application. Costs are
comparable, and implementation of any of the alternatives would probably result in
successful reduction of COCs. Alt-4 (chemical oxidation) requires more intense
training and higher level field personnel due to the complexity of the equipment
involved. Alt-2 (air sparging) may accomplish volatilization of benzene, but
volatilization of naphthalene may not be easy to accomplish. Alt-2 also involves
higher operational costs, and has a higher potential for migration of VOCs into the
facility. Therefore, Alt-3 was favored over the other alternatives.

B. Feasibility of Implementing a Permanent Solution

The recommended remedial alternative is intended to reduce constituents in indoor
air. However, Brown and Caldwell stated that since areas of elevated concentrations
in the soil that are most likely contributing to groundwater and indoor air
contamination has not been identified, there is uncertainty as to the timeframe that
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would be required to reduce the concentrations to a level where No Significant Risk
could be demonstrated.

C. Feasibility of Achieving or Approaching Background

The Brown and Caldwell evaluation states that because areas of elevated
concentrations in soil that are most likely contributing to groundwater contamination
have not been definitively located, reduction of groundwater and soil concentrations to
background cannot be expected and is not probable.

D. Feasibility of Reducing Concentrations in Soil to Below UCLs

Phase II Investigations for Area 5 did not detect UCLs in soil. However, the areas of
elevated concentrations that may be contributing to groundwater contamination has not
been definitively located, and further investigation is not feasible. It is possible that
constituents are present at concentrations above UCLs. However, without knowing
the location of the elevated concentrations, the feasibility of reducing the
concentrations of to below UCLs is not predictable.

E. Selection of Alternatives

Brown and Caldwell selected remedial alternative Alt-3, biosparging with SVE,
installed in horizontal wells beneath the building using HDD techniques. The
conceptual design includes three horizontal delivery wells for biosparging, connected
to a manifold and blower station located on the southwest corner of the property. The
SVE system would include installation of four horizontal SVE wells and six vertical
extraction wells located in front of the building. The SVE blower and vapor
treatment system would be located in a shed on-site. The SVE system should operate
at an air flow rate approximately four times greater than the air flow rate of the
biosparging system. Groundwater monitoring would be conducted on a quarterly
basis at the site for an estimated five years. Implementation and accomplishment of
the remedial goals is anticipated to require approximately six to seven years.

Field tests would be required to obtain specific site information to determine the
horizontal well spacing. Additionally, Brown and Caldwell stated that while the HDD
drilling assembly can be steered to predetermined points in both the vertical and
horizontal plane, it should be noted that a thorough utility location effort is required
and also, information regarding the foundation system is necessary. If this
information is not available, a field investigation to obtain as much site information as
possible would be beneficial.

As previously mentioned in Section 9.02B, MEC is conducting an evaluation of the
HVAC system for the 129 Commercial Street facililty, and therefore an evaluation of
the installation of a new HVAC system or modifications to the existing system were
not included in the Brown and Caldwell evaluation. If, however, site conditions or
other parameters interfere with the successful installation of a horizontal well system
that would meet the design requirements of the selected remedial alternative, then
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further effort will be directed toward the consideration of the implementation of an
fHIVAC system for the 129 Commercial Street facility that would minimize the
infiltration of vapors from the subgrade.
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X. SUMMARY OF SELECTED REMEDIAL ACTION ALTERNATIVES

10.01 Pbase III RAP Overview

This Phase III RAP has presented an evaluation of remedial alternatives for the former
Malden MGP Site. As required by 310 CMR 40.0859(1), a Site-wide remedial action
alternative that addresses the various impacted media at the Site has been selected based on
the detai.ed evaluation criteria listed in 310 CMR 40.0858. This alternative is described
below in Section 10.03. Based on the evaluation contained in this Phase III RAP, a
Permanent Solution for the Site is not attainable at the present time, and a Temporary Solution
(i.e., Class C RAO) is suitable and timely for the Site. The remedial action alternative
proposed in this section is intended to meet the requirements of the MCP, while allowing
current use of the properties on the Site to be maintained. This section presents a summary of
Site conditions, evaluates the feasibility of achieving a Permanent Solution and background
conditions, presents the components of the selected Site-wide Temporary Solution remedial
alternative, and describes the anticipated approach for implementation of the proposed
remedy. Justification for the selection of a Temporary Solution is presented, including a list
of defin'tive and enterprising steps toward identifying and achieving a Permanent Solution in
the future.

For the purposes of this Phase III RAP, the former Malden MGP Site has been divided into
five Remedial Action Alternative Areas, the limits of which are shown on Figure 15.
Contamination identified at the Site has been categorized into six types: TSM, shallow
DNAPL, deep DNAPL, LNAPL, BTEXSN in soil and groundwater, and petroleum-impacted
Soil. The Site Risk Characterization (as revised, refer to Appendix B) was conducted to
identify exposure pathways for which a condition of No Significant Risk could not be
satisfied. Remedial alternatives were developed and evaluated in this Phase III RAP to
address contamination in media that contribute to the exposure pathways identified in the Risk
Characterization. A summary of the media and types of contamination for which remedial
alternatives were developed on each Site Area is presented below in Table XXIII.
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TABLE XXIII
SUMMARY OF REMEDIAL ACTION ALTERNATIVE AREAS AND ASSOCIATED
IMPACTED MEDIA

Site Area Properties Types Of Media For Which Remedial
Stea Asre Located Within Contamination Alternatives Were
Area Description The Area Identified Evaluated12

1

AREA 1 Northern portion 100 Commercial TSM Soil
of Parcel E Street Shallow DNAPL

Deep DNAPL"'
LNAPL(1
Petroleum-
impacted soil

AREA 2 Southern 100 Commercial TSM Soil
portion of Parcel Street Shallow DNAPL
E Deep DNAPL

LNAPL

AREA 3 Northern portion 51 Commercial TSM Soil
of Parcel A Street Shallow DNAPL

65 Commercial
Street
77 Commercial
Street
89 Commercial
Street

AREA 4 Southern 99-109 TSM Soil
portion of Parcel Commercial LNAPL
A Street I

AREA 5 Parcel B 129 Commercial BTEXSN in soil Soil
Street and groundwater Groundwater

Indoor Air

Notes:
1. LNA PL and deep DNAPL have been identified in monitoring wells in the past on Area 1; however

recent monitoring has not observed these contaminants on Area 1.
2. Although groundwater contains elevated concentrations of contaminants, remediation of

groundwater on Areas I through 4 is not required to achieve a condition of No Significant Risk.
Groundwater is not used on these Areas as a resource (i.e., for drinking water or industrial use),
and based on groundwater sampling data obtained during the Phase II investigation, plumes of
grouidwater contamination do not appear to be leaving the Site. Additionally, it is anticipated that
remedial approaches to remediate LNAPL, DNAPL and soil will have a beneficial effect on
groundwater quality.

10.02 Feasibility of Achieving a Permanent Solution or Background Concentrations

To achieve a Permanent Solution for the Site, a condition of No Significant Risk must be
satisfiel for the Site, including elimination of soil UCL exceedences through treatment or
installation of an engineered barrier, and all source areas must be controlled or eliminated.
the forner Malden MGP Site, this would involve the following:

At

95HAuv' '
ALQRIQH



* Removal of LNAPL and DNAPL present in thickness greater than % in. from the Site
subsurface

* Elimination of soil material in which UCL exceedences have been observed, including
contaminated soil and tar-saturated material (TSM), through either excavation,
treatment, or placement of an engineered barrier to eliminate potential exposure
pathways to UCL exceedences.

* Remediation of soil with contaminant concentrations that preclude satisfaction of a
condition of No Significant Risk, or mitigation of potential risk through AULs

At the former Malden MGP Site, attainment of the NAPL remedial goal listed above is not
reasonably feasible in the near term. DNAPL has been identified in monitoring wells on
Areas 1, 2 and 3, and LNAPL has been identified on Areas 2 and 4. Based on NAPL
thickness measurements, the total volume of DNAPL is estimated to be approximately 13,000
to 22,C00 gallons, and the total LNAPL volume is estimated to be approximately 8,000 to
11,OOC gallons. Based on the performance of the DNAPL extraction well operating on Area 2
since October 2001, DNAPL extraction is feasible at the Site, but a significant time period
(approximately 10 years) will be required to reach the DNAPL remedial goals on each Site
Area. Likewise, removal of LNAPL from the subsurface may be feasible at the Site,
however LNAPL extraction typically requires an extended period of time as well.
Furthermore, it is likely that DNAPL and LNAPL may be located beneath buildings on
Areas 2, 3 and 4, and therefore may not be extractable under current site conditions.

As indicated above, achievement of a Permanent Solution would also require elimination of
the potential for exposure to UCL exceedences at the Site. Exceedences of UCLs in soil are
considered to exist within the limits of TSM contamination, which has been observed on
Areas 1 through 4. Achievement of a Permanent Solution through excavation of soil
contamination is not reasonably feasible because a significant portion of this contamination is
overlain by buildings that are currently occupied by operating businesses. It is considered
likely that TSM contamination exists beneath buildings located on Areas 2, 3, and potentially
Area 4, and the soil contamination on Area 5 is located beneath a building. Demolition of the
KeySpan Maintenance Garage would be required to excavate petroleum-impacted soils on
Area 1. Likewise, installation of an Engineered Barrier would not reach a Permanent
Solution at the Site, because the presence of the buildings on top of soils contaminated at
levels greater than the UCLs does not eliminate potential exposure pathways, according to the
MCP. The buildings on the Site would not satisfy MADEP requirements for an Engineered
Barrier, and because the barrier must be contiguous across contaminated areas in order to
remove potential exposure pathways to UCL exceedences, the presence of the buildings on the
Site would render the barrier ineffective. In-situ remediation methods for soil would not be
effective until NAPL-phase contaminants have been removed from the subsurface, and are
likely not implementable beneath the buildings on the Site. Therefore, reduction of
contaminant concentrations on the Site to less than the UCLs is not feasible at this time and a
Permanent Solution for the Site is not reasonably feasible at present.

As described above, based on the detailed evaluation conducted in this Phase III RAP, a
feasible Permanent Solution does not currently exist for the Site, and a Temporary Solution is
proposed. Because a Permanent Solution cannot be attained, background concentrations of
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contaminants in soil and groundwater at the Site cannot be reached at the present time. The
presence of contaminants beneath buildings and NAPL in the subsurface precludes restoration
of soil and groundwater to background concentrations. Therefore, reduction of contaminant
concentrations to background concentrations is not an attainable goal at present.

10.03 Selected Remedial Action Alternative

A. Selected Remedial Solution Components

The components of the proposed remedial alternative, which were selected in the
evaluations for the Areas presented in Sections V through IX, are intended to result in
progress toward the Site remedial goals. Specifically, the proposed remedy is
intended to reduce the quantity of DNAPL and LNAPL in the subsurface at the Site,
and reduce VOC concentrations in soil, groundwater and indoor air that contribute to
exposure pathways for which a condition of No Significant Risk could not be
satisfied. The remedial action alternatives selected for Areas 1 through 5 are listed
below.

I Area 1: Alternative 1-4; Shallow DNAPL extraction using approximately five
DNAPL extraction wells, shallow DNAPL migration control (if necessary),
in-situ chemical oxidation of TSM and petroleum-impacted soils (once NAPL
quantity has been sufficiently reduced), and an AUL to prevent exposure to
contaminated soils. Wells in which LNAPL and deep DNAPL have been
detected will be monitored for NAPL during implementation of the remedy.

* Area 2: Alternative 2-2; Shallow and deep DNAPL extraction using
approximately 13 extraction wells, LNAPL extraction using approximately six
wells equipped with belt-skimmers, shallow DNAPL migration control (if
necessary), and AUL to prevent exposure to contaminated soils

* Area 3: Alternative 3-2; Shallow DNAPL extraction using approximately
12 DNAPL extraction wells, shallow DNAPL migration control (if
necessary), and an AUL to prevent exposure to contaminated soils.

* Area 4: Alternative 4-2; LNAPL extraction using approximately 13 wells
equipped with belt-skimmers and an AUL to prevent exposure to
contaminated soils.

* Area 5: The focused evaluation conducted by Brown and Caldwell selected
Alt-3, biosparging and SVE, installed using HDD methods beneath the
129 Commercial Street building. This alternative includes three horizontal
biosparging delivery wells, four horizontal SVE wells, and six vertical SVE
wells in front of the building.

* With the exception of Area 5, impacted groundwater does not contribute to
risk and therefore remedial alternatives were not developed specifically to
reduce contaminant concentrations in groundwater. However, implementation
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of the selected remedy described above is likely to have a positive impact on
groundwater concentrations over the long term. In order to monitor
groundwater quality on the Site, implementation of a Site-wide groundwater
monitoring program is recommended. This program is anticipated to involve
the sampling of approximately 20 to 25 monitoring wells on an annual basis,
to ensure that site conditions remain stable during the implementation of the
Temporary Solution on the Site.

* AULs may be implemented on properties located within the boundaries of the
Site to mitigate potential exposure to contaminated soil. AULs may mandate
the maintenance of a direct contact barrier (i.e., asphalt pavement) to prevent
contact of Site employees, visitors and trespassers with contaminated soil.

Approximate locations of remedial components (including DNAPL and LNAPL
extraction wells and potential locations for DNAPL migration control barriers) are
shown on Figure 20. The proposed remedial measures are anticipated to reduce the
quantity of LNAPL and DNAPL and reduce concentrations of OHM at the Site, and
therefore reduce potential risk posed to human health and the environment by OHM at
the Site. Due to the limitations discussed above, the selected remedy represents a
Temporary Solution for the Site. The requirement for a Temporary Solution, as
outlined in Section 3.03, is the elimination of Site Substantial Hazards. Because the
Site Risk Characterization satisfied a condition of No Substantial Hazard for the
terrestrial portion of the Site, this requirement has already been met for Areas 1
through 5.

Although not a required component of the proposed Temporary Solution, AULs may
be instituted on selected properties as a risk reduction measure to reduce the potential
for exposure to MGP residuals. Based on DEP guidance', in circumstances "where a
Temporary Solution is expected to be in place for a long period of time, an AUL may
be useful as a means of providing notice of the residual contamination to future
holders of an interest in property at the disposal site." The AULs that may be placed
on Site properties would require maintenance of a direct contact barrier (e.g.,
maintenance of the existing asphalt surfaces) to mitigate potential exposure to
contaminated soil. Additionally, AULs may be used to mandate health & safety
procedures to protect on-site commercial/industrial facility workers and construction
workers during work to mitigate exposure hazards associated with contaminated soil.
Such health and safety procedures may include the use of personal protective
equipment and/or engineering controls that would reduce exposure to contaminated
soil. AULs may also require that current property use be maintained (i.e., prohibit
changes to more sensitive property uses, such as residential use) and mandate soil
management plans unless necessary measures, such as engineering controls, are
implemented to preclude future exposures.

B. Definitive and Enterprising Steps

The selected remedial alternative for the Site constitutes a Temporary Solution,
because the requirements of a Permanent Solution cannot be met at the present time.



"Definitive and enterprising steps", as described in 310 CMR 40.0861(h), are
remedial measures that represent progress toward a Permanent Solution. Several of
die components of the selected remedy described above represent definitive and
enterprising steps toward a Permanent Solution. The following "definitive and
enterprising steps" are proposed:

ii DNAPL recovery using extraction wells on Areas 1, 2 and 3
II LNAPL recovery using belt-skimmers on Areas 2 and 4
IE Reduction of BTEXSN concentrations in soil, groundwater and indoor air

through the installation of biosparging and SVE systems on Area 5
II Review of the performance of the Temporary Solution every five years, and

assess whether new or emerging technologies may be able to contribute
further toward the achievement of a Permanent Solution

U Monitor performance and effectiveness of the selected remedial components.

C. Anticipated Remedial Implementation Approach

The Temporary Solution components and definitive and enterprising steps listed in the
Sections above are proposed to reduce concentrations of MGP residuals at the Site,
and to progress toward accomplishment of these remedial objectives. The following
key aspects have been identified as "critical path" elements of the remedial process,
and are likely to dictate the schedule of the remedial implementation:

1. Property access and property use: The Former Maiden MGP Site is
comprised of seven properties, which are owned by entities other than MEC.
Therefore, implementation of the remedy must be coordinated with the needs
of property owners. The properties located within the limits of the Site are
occupied by operating businesses, which must be allowed to function during
implementation of the remedy.

2. Appropriate sequencing of remedial technologies: On Areas 1, 2, 3 and 4, the
quantity of NAPL in the subsurface must be reduced to the extent practicable
prior to the remediation of TSM and soil. Remediation of TSM or soil in the
presence of LNAPL or DNAPL would be ineffective.

3. Other technical considerations: Technical factors regarding the effectiveness
of the proposed remedial components will be taken into consideration during
implementation of the remedy. For example, proper location of DNAPL
extraction wells is dependent upon the elevation of the organic deposit, which
has been observed to be highly irregular during subsurface investigations.
Based on these observations, DNAPL extraction wells may be installed in
stages, such that the locations of the second stage of DNAPL extraction wells
would be determined based on the results obtained in the first stage. The
most efficient placement of DNAPL or LNAPL extraction wells may result in
the installation of extraction wells on one property before another.
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4. Provisional installation of shallow DNAPL migration control barriers:
Installation of vertical shallow DNAPL migration control barriers may be
implemented in the event that certain conditions are encountered. In the event
that the DNAPL remedial goals are accomplished on one Area before they are
accomplished on adjacent Areas, a DNAPL migration control barrier may be
installed if the potential exists for the migration of shallow DNAPL from the
adjacent Areas. This remedial component is provisional and may not be
required if the DNAPL remedial goals are attained in a similar timeframe on
Areas 1, 2 and 3, or if the potential for DNAPL migration from one Area to
another is considered small, based on the results of DNAPL

The proposed remedy for the Site will be implemented in accordance with and
consideration of these critical elements. Based on the complexity of the contamination
and ownership situation of the Site, it is likely that a phased approach to Site
emediation will be followed. Components of the proposed remedy will be
implemented as they become feasible in the overall Site remedial plan.

D. Estimated Net Present Value of the Selected Remedial Alternative

The estimated net present value of the selected remedial alternative, as summarized in
Table XXIV, is approximately $4.95M. Assumed time requirements for the selected
remedial components are also listed in Table XXIV.

10.04 Justification of Temporary Solution

A Permanent Solution for the Site cannot be reached at this time, because hazardous materials
such as PAHs, VOCs, and TSM are present in soil at concentrations greater than MADEP
UCLs and NAPL exists in several monitoring wells at a thickness greater than 0.5 in. As
discussed in Section 10.02 above, removal through excavation, placement of an engineered
barrier or remediation of these materials is not feasible at this time due to the current property
use. In the event that there are future changes in property use, remedial technologies can be
re-evaluated to assess the feasibility of a Permanent Solution. As part of the Temporary
Solution for the Site, definitive and enterprising steps will be taken to (1) contain, and as
possible remove DNAPL and LNAPL from the subsurface on the Site and (2) reduce VOC
conceni rations in groundwater and indoor air on the 129 Commercial Street property.
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Page 1 of 2

TABLE V
SUMMARY OF SUPPLEMENTAL INDCOR AIR QUALITY DATA - OCTOBER 2001 THROUGH JUNE 2002
129 COMMERCIAL STREET
PHASE III - REMEDIAL ACTION PLAN
FORMER MALDEN MGP SITE
MALDEN, MASSACHUSETTS

Quarterly Sampling Events MADEP
Indoor Air

10/11/2001 1/10/2002 4/10/2002 6/25/2002 10/8/2002 1/24/2003 Background
VOCs (ppbV)
Site 2
Benzene -- 0.71 ND(0.31) ND(0.31) ND(0.71) 0.6 6.6
Toluene -- 1.4 1.1 2.5 1.2 1.1 7.6
Ethylbenzene -- ND(0.23) 0.52 ND(0.23) ND(0.53) ND(0.35) 2.2
mr-&p-xylenes -- 0.74 ND(0.23) 0.64 0.36 0.57 9
Siyrene -- ND(0.23) ND(0.23) ND(0.23) ND(0.54) ND(0.36) -
o-xylenes -- ND(0.23) ND(0.23) ND(0.23) ND(0.53) 0.35 9
Naphthalene -- ND(0. 19) ND(0.19) ND(0.19) ND(0.44) ND(0.29) I
Total Detected VOCs -- 2.85 1.62 1.6 2.6

Site 4
Benzene ND(0.31) ND(0.31) ND(0.31) 0.44 ND(0.37) ND(0.48) 6.6
Toluene 5.5 5.2 5.1 9.2 6.5 0.63 7.6
E:hylbenzene 0.44 ND(0.23) ND(0.23) 0.71 ND(0.27) ND(0.35) 2.2
n-&p-xylenes 1.3 1.0 0.56 2 0.59 ND(0.35) 9
Siyrene ND(0.23) ND(0.23) ND(0.23) ND(0.23) ND(0.27) ND(0.36) -
o-xylenes 0.45 ND(0.23) ND(0.23) 0.51 ND(0.27) ND(0.35) 9
Naphthalene ND(0.19) ND(0.19) ND(0.19) ND(0.19) ND(0.22) ND(0.29) 1
Total Detected VOCs 7.7 6.2 5.7 7.1 0.6

Site 5
Benzene ND(0.63) ND(0.63) ND(0.31) ND(0.31) ND(0.4) 6.6
Toluene 4.6 5.1 3.8 13 - 0.77 7.6
Erhylbenzene ND(0.46) ND(0.46) 0.31 0.57 .- ND(0.29) 2.2
m-&p-xylenes 0.81 1.1 1.0 1.5 - 0.36 9
Styrene ND(0.47) ND(0.47) ND(0.23) ND(0.23) - ND(0.30) -
o-xylenes ND(0.46) ND(0.46) ND(0.23) ND(0.23) - ND(0.29) 9
Naphthalene ND(0.38) ND(0.38) ND(0.19) ND(0.19) - ND(0.24) 1
Total Detected VOCs 5.4 6.2 5.1 -- 1.1

Site 6
Benzene 3.4 12 ND(6.3) 1.9 ND(0.66) ND(0.51) 6.6
Toluene 8.3 10 ND(5.3) 11 12 0.64 7.6
Ethylbenzene ND(0.23) ND(0.92) ND(4.6) ND(0.23) ND(0.49) ND(0.37) 2.2
m-&p-xylenes 0.64 ND(O.92) ND(4.6) 0.6 0.49 0.53 9
Styrene ND(0.23) ND(0.94) ND(4.7) ND(0.23) ND(0.50) ND(0.38) -

o-xylenes ND(0.23) ND(0.92) ND(4.6) ND(0.23) ND(0.49) ND(0.37) 9
Naphthalene ND(0. 19) ND(0.76) ND(3.8) ND(0. 19) ND(0.40) ND(0.31) 1
Total Detected VOCs 12.3 22.0 ND 12.5 1.2

NOTES AND ABBREVIATIONS:

1. MADEP Background: Indoor air backgrund levels obtained from Users Guide. Risk Assessment Shortform Residential

2.
3.
4.
5.
6.

Exposure Scenario. Version 1.6. October 1992. Policy #WSC/ORS-142-92. Adapted from Table 6-4, p. 33. Massachusetts
Department of Environmental Protection. Office of Research and Standards and Bureau of Waste Site Cleanup. Boston, MA.
VOC (ppb): volatile organic compounds with values in pans per billion by volume; analyzed by EPA Method T014.
ND: compound not detected above quantitation limit, number in parentheses is the quantitation limit.
TR: compound detected below the quantitation limit, number in parentheses is the quantitaion limit;
Total Detected VOCs: Sum of detected concentrations of target analytes.
Bold values identify test results which exceed MADEP indoor air background levels.

GA06558\634 Phase III\Phase III Table:;.xls.xls 6/27/2003
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TABLE V
SUMMARY OF SUPPLEMENTAL INDOOR AIR QUALITY DATA - OCTOBER 2001 THROUGH JUNE 2002
129 COMMERCIAL STREET
PHASE Ill - REMEDIAL ACTION PLAN
FORMER MALDEN MGP SITE
MALDEN, MASSACHUSETTS

Quarterly Sampling Events MADEP
Indoor Air

10/11/2001 1/10/2002 4/10/2002 6/25/2002 10/8/2002 1/24/2003 Background
IVOCs (ppbV)
Site 7
Benzene 3.6 14 1.4 1.8 ND(0.62) ND(0.70) 6.6
Toluene 2.9 3.5 3.0 5 2.3 0.6 7.6
Ethylbenzene ND(0.23) ND(0.92) ND(0.46) ND(0.23) ND(0.46) ND(0.51) 2.2
rr-&p-xylenes 0.58 ND(0.92) ND(0.46) 0.68 ND(0.46) ND(0.51) 9
S:yrene ND(0.23) ND(0.94) ND(0.47) ND(0.23) ND(0.47) ND(0.52)
o-xylenes ND(0.23) ND(0.92) ND(0.46) ND(0.23) ND(0.46) ND(0.51) 9
Naphthalene ND(0.19) ND(0.76) ND(0.38) ND(0.19) ND(0.38) ND(0.42) I
Total Detected VOCs 7.08 17.5 4.4 2.3 0.6

Site 8
Benzene 3.9 15 ND(6.3) 0.97 ND(0.62) ND(0.57) 6.6
Toluene 2.1 2.8 ND(5.3) 2.3 1.8 ND(0.48) 7.6
Ehylbenzene ND(0.46) ND(1.8) ND(4.6) ND(0.46) ND(0.46) ND(0.42) 2.2
m-&p-xylenes 0.68 ND(1.8) ND(4.6) 0.68 ND(0.46) ND(0.42) 9
Styrene ND(0.47) ND(1.9) ND(4.7) ND(0.47) ND(0.47) ND(0.43) -
o-xylenes ND(0.46) ND(1.8) ND(4.6) ND(0.46) ND(0.46) ND(0.42) 9
Naphthalene ND(0.38) ND(l.5) ND(3.8) ND(0.38) ND(0.38) ND(0.35) I
Total Detected VOCs 6.68 17.8 ND 1.8 ND

Site 10
Benzene 2.4 10 ND(6.3) 1.7 0.6 ND(0.55) 6.6
Toluene 2.2 2.9 ND(5.3) 2.2 2.5 0.54 7.6
Ethylbenzene 0.74 ND(1.8) ND(4.6) 0.71 0.82 ND(0.40) 2.2
m-&p-xylenes 1.2 ND(1.8) ND(4.6) 1.3 1.4 0.58 9
Styrene 3.7 2.1 ND(4.7) 4.7 5.5 1 -
o-xylenes 0.51 ND(1.8) ND(4.6) 0.51 0.57 ND(0.90) 9
Naphthalene ND(0.19) ND(I.5) ND(3.8) ND(0.19) ND(0.32) ND(0.33) I
Total Detected VOCs 10.75 15 ND 11.4 2.1

NOTES AND ABBREVIATIONS:

1. MADEP Background: Indoor air background levels obtained from Users Guide. Risk Assessment Shortform Residential
Exposure Scenario. Version 1.6. October 1992. Policy #WSC/ORS-142-92. Adapted from Table 6-4, p. 33. Massachusetts
Department of Environmental Protection, Office of Research and Standards and Bureau of Waste Site Cleanup. Boston, MA.

2. VOC (ppb): volatile organic compounds with values in parts per billion by volume; analyzed by EPA Method T014.
3. ND: compound not detected above quantitation limit, number in parentheses is the quantitation limit.
4. TR: compound detected below the quantitation limit, number in parentheses is the quantitaion limit;
5. Total Detected VOCs: Sum of detected concentrations of target analytes.
6. Bold values identify test results which exceed MADEP indoor air background levels.
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APPENDIX A

Copy of Transmittal Form BWSC-108 and Public Notification of Availability Letters



Massachusetts Electric
A National Grid Company {

27 June 2003

Massachusetts Department of Environmental Protection
Northeast Regional Office
One Winter Street
Boston, Massachusetts 02108

Attention: Site Management Branch

Subject: Phase III - Remedial Action Plan
Former Malden Manufactured Gas Plant (MGP) Site - Upland Portion
Malder., Massachusetts
RTN 3- 0362 and Linked RTNs 3-3757, 3-11581, 3-12448,
3-1331), 3-13345, 3-13753, and 3-13754
Tier IB Permit Number 7378

Dear Ladies and Gentlemen:

Massachusetts Electric Company (MEC) is pleased to submit this report entitled "Phase III -
Remedial Action Plan, Former Manufactured Gas Plant (MGP) Site - Upland Portion,
Malden, Massachusetts, RTN 3-0362, Tier IB Permit 7378," prepared by Haley & Aldrich,
Inc. This report is designed to meet the Phase III requirements under the Massachusetts
Contingency Plan (310 CMR 40.0000) for the upland portions of the former Malden MGP
Site. The Malden River portion of the Site will be addressed separately, as discussed below.

As MEC discussed in a meeting with Massachusetts Department of Environmental Protection
(MADEP) officials on April 3, 2003, MEC intends to address the sediments in the Malden
River within the Site boundary as a separate operable unit. MGP-related impacts attributable
to the former MGP Sie were identified during the Phase II assessment in Malden River
sediments from the Malden River culvert outfall to a point approximately 1,400 feet
downstream gust north of the Medford Street bridge). The Mystic Valley Development
Commission (MVDC), through the TeleCom City partnership, has formed a group of parties
with interest in Malden River sediment remediation from the culvert outfall to the Amelia
Earhart Dam. The Telecom City partnership formed due to the development of a
telecommunications research and development park on 200 acres of land situated in Malden,
Medford and Everett. This area is located along the Malden River downstream of the Site
boundary. The MVDC has partnered with the Army Corps of Engineers to conduct a study
of the nature and extent of sediment impacts and to identify potential remedial measures that
may be undertaken in the area. It is also our understanding that MADEP is participating in
this work. MEC is contributing technical and financial support to this project and intends to
participate in this study, which has been designated the Malden River Ecosystem Restoration
Study. MEC also intends to participate in discussions regarding the remediation and
restoration of the Malden River. In light of these recent developments, remedial measures
related to Malden River sediments associated with the MGP Site are best conducted in

55 Bearfoot Road
Northborough, MA 01532-1555
508.421.7000



conjunction with the efforts along the larger portion of the River to ensure consistency and
coordination. Representatives of MADEP endorsed this approach at our April 3 meeting and
during conversations taereafter.

An original signed copy of transmittal form BWSC-108 is submitted, unbound, along with
this report. A copy of the signed form and this cover letter are provided in Appendix A of
this report along with copies of Notification of Availability letters to appropriate Malden
municipal officials.

Please contact me at 508-421-7564 with any questions or comments regarding this matter.

Sincerely,

Michele V. Leone
Senior Environmental Engineer

cc: Gregg Hunt, DEP (without enclosure)
Rick Standish, H&A
File



Massachusetts Department of Environmental P tec O BWSC-108
Bureau of Waste Site Cleanup O " x
COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Number

FORM & PHASE I COMPLETION STATEMENT
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H)

A. SITE LOCATION:
Eite Name:(optional) Fnrmer Maldrer MGP Sits

Street: 100 Cnmmercial Street LocationAid: Commerial & Charles Streets

C:ity/Town: _Mv Mn ZIPCode: 071 4P-551 0

Related ReleaseTracking Numbers thatthis FormAddresses: 3-3797 3-11 91 3-1744P 3-13310 3-13345 3-13775 3-13754

Tier Classification: (check one of the following) [] Tier LA Tier IB E Tier IC Tier II Not Tier Classified

IfaTierI Permithasbeen issued.statethePermitNumber: Prmit Mn 737P sffprtiop ratp 19/78/lqqq

B. THIS FORM IS BEING USED TO: (check all that apply)

E Submit a Phase I Completion Statement, pursuant to 310 CMR 40,0484 (complete Sections A, B, C. G, H, I and J).

[ Submit a Phase it Scope of Work, purstant to 310 CMR 40.0834 (complete Sections A, B, C, G, H., I and J).

E Submit a final Phase il Comprehensive Site Report and Completion Statement pursuant to 310 CMR 40.0836
(complete Sections A, B. C, D, G, H, I and J).

E Submit a Phase III Remedial Action Plan and Completion Statement pursuant to 310 CMR 40.0862 (complete Sections A, B, C, G, H, I and J).

] Submit a Phase IV Remedy Implementation Plan, pursuant to 310 CMR 40.0874 (complete Sections A, B, C, G, H, I and J).

[ Submit an As-Built Construction Repolt, pursuant to 310 CMR 40.0875 (complete Sections A, B, C, G, H, I and J).

L Submit a Phase IV Final Inspection Report and Completion Statement pursuant to 310 CMR 40.0878 and 40.0879
(complete Sections A, B, C, E, G. H, I and J).

[ Submit a periodic Phase V Inspection 8 Monitoring Report, pursuant to 310 CMR 40.0892 (complete Sections A, B, C, G, H, I and J).

[ Submit a final Phase V Inspection & Monitoring Report and Completion Statement, pursuant to 310 CMR 40.0893
(complete Sections A, B, C, F, G, H, I and J).

You must attach all supporting documentation required for each use of form indicated, including copies of
any Legal Notices and Notices to Public Officials required by 310 CMR 40.1400.

C. RESPONSE ACTIONS:

[ Check here if any response action(s) that serves as the basis for the Phase submittal(s) involves the use of Innovative Technologies. (DEP is
interested in using this information to crea:e an Innovative Technologies Clearinghouse.)

Describe Technologies:

D. PHASE Il COMPLETION STATEMErr:

Specify the outcome of the Phase 11 Compreheisive Site Assessment:

Additional Comprehensive Response Actions are necessary at this Site, based on the results of the Phase il Comprehensive Site Assessment

The requirements of a Class A Response Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-104) will
be submitted to DEP.

The requirements of a Class B Response Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-104) will
be submitted to DEP.

Rescoring of this Site using the Numerical Ranking System is necessary, based on the results of the final Phase I Report.

E. PHASE IV COMPLETION STATEMENT:

Specify the outcome of Phase IV activities:

Phase V operation, maintenance or moni oring of the Comprehensive Response Action is necessary to achieve a Response Action Outcome.
(This site will be subject to a Phase V OpIration, Maintenance and Monitoring Annual Compliance Fee.)

The requirements of a Class A Response Action Outcome have been met. No additional operation, maintenance or monitoring is necessary to
ensure the integrity of the Response Action Outcome. A completed Response Action Outcome Statement (BWSC-104) will be submitted to DEP.

The requirements of a Class C Response Action Outcome have been met. No additional operation, maintenance or monitoring is necessary to
ensure the integrity of the Response Action Outcome. A completed Response Action Outcome Statement (BWSC-104) will be submitted to DEP.

SECTION E IS CONTINUED ON THE NEXT PAGE

Revised 3/30/95 Supersedes Forms BWSC-010 fin pat) and 013 Page 1 of 3
Do Not Alter This Form



Massachusetts Department of Environmental Protection BWSC-108
Bureau of Waste Site Cleanup

COMPREHENSIVE RESPONSE ACTION TRA SMI AL U Release Tracking Number

FORM & PHASE I COMPLETION STATEMENT
Pursuant to 310 CMR 40,0484 (Subpart D) and 40.0800 (Subpart H)

E. PHASE IV COMPLETION STATEMENT: (continued)

The requirements of a Class C Response Action Outcome have been met. Further operation, maintenance or monitoring of the remedial action is
necessary to ensure that conditions are rr aintained and that further progress is made toward a Permanent Solution. A completed Response Action
Outcome Statement (BWSC-104) will be submitted to DEP.

Indicate whether the operation and maintenance will be Active or Passive. (Active Operation and Maintenance is defined at 310 CMR 40.0006.):

Q Active Operation and Maintenance Q Passive Operation and Maintenance

(Active Operation and Maintenance makes the Site subject to a Post-RAO Class C Active Operation and Maintenance Annual Compliance Fee.)

F. PHASE V COMPLETION STATEMENT:

Specify the outcome of Phase V activities:

The requirements of a Class A Response Action Outcome have been met and a completed Response Action Outcome Statement (BWSC-104) will
be submitted to DEP.

The requirements of a Class C Response Action Outcome have been met. No additional operation, maintenance or monitoring is necessary to ensure
the integrityof the Response Action Outccme. A completed Response Action Outcome Statement (BWSC-104) will be submitted to DEP.

The requirements of a Class C Response Action Outcome have been met. Further operation, maintenance or monitoring of the remedial action is
necessary to ensure that conditions are maintained and that further progress is made toward a Permanent Solution. A completed Response Action
Outcome Statement (BWSC-104) will be tubmitted to DEP.

indicate whether the operation and maintenance will be Active or Passive. (Active Operation and Maintenance is defined at 310 CMR40.0006.):

0 Active Operation and Maintenance 0 Passive Operation and Maintenance

(Active Operation and Maintenance make s the Site subject to a Post-RAO Class C Active Operation and Maintenance Annual Compliance Fee.)

G. LSP OPINION:

I attest under the pains and penalties of perjury tiat I have personally examined and am familiar with the information contained in this transmittal torrn,
including any and all documents accompanying :his submittal. In my professional opinion and judgment based upon appiication of (1) the standard of care
in 309 CMR 4.02(1), (ii) the applicable provisior s of 309 CMR 4.02(2) and (3), and (iii) the provisions of 309 CMR 4.03(5), to the best of my knowledge,
information and belief,

if Section B indicates that a Phase I, Phase 11, Phase Ill, Phase IV or Phase V Completion Statement is being submitted, the response action(s)
taat is (are) the subject of this submittal (i) has (have) been developed and implemented in accordance with the applicable provisions of M.G.L. c. 21E and
z 10 CMR 40.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in the applicable provisions of
M.G.L c. 21E and 310 CMR 40.0000, and (iii) complies(y) with the identified provisions of all orders, permits, and approvals identified in this submittal;

if Section B indicates that a Phase If Scope of Work or a Phase IV Remedy Implementation Plan is being submitted, the response action(s) that is
(are) the subject of this submittal (i) has (have) teen developed in accordance with the applicable provisions of M.G.L c. 21E and 310 CMR40.0000, (ii) is
(are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in the applicable provisions of M.G.L c. 21E and 310
CMR 40.0000, and (iii) complies(y) with the identified provisions of all orders, permits, and approvals identified in this submittal:

> if Section B indicates that an As-Built Cons truction Report or a Phase V Inspection and Monitoring Report is being submitted, the response
action(s) that is (are) the subject of this submitt I (i) is (are) being implemented in accoroance with the applicable provisions of M.G.L c. 21E and 310 CMR
10.0000, (ii) is (are) appropriate and reasonable to accomplish the purposes of such response action(s) as set forth in the applicable provisions of M.G.L. c.
21E and 310 CMR40.0000, and (iii) compries( )with the identified provisions of all orders, permits, and approvals identified in this submittal.

I am aware that significant penalties may result, ncluding, but not limited to, possible fines and imprisonment, if I submit information which I know to be
false, inaccurate or materially incomplete.

[ Check here if the Response Action(s) on which this opinion is based, if any, are (were) subject to any ord or approval(s) issued by
DEP or EPA. If the box is checked, you MUST attach a statement identifying the applicable provisions OF

LSPName: RirharA P Stanrish LSP#: 2242 Stamp:
~' RICHARD '

Telephone: Rr;0-2R2-9400 Ext.: 3150 RIC P.
STAN~i

FAX: (optional) No. 2242

Signature: Sp

E ate: 4 '(p3IT 
R

Revised 3/30/95 Supersedes Forms BWSC-010 (in part) and 013 Page 2 of 3
Do Not Alter This Form



Massachusetts Department of Environmen P P BWSC-108
Bureau of Waste Site Cleanup

COMPREHENSIVE RESPONSE ACTION TRANSMITTAL Release Tracking Number

FORM & PHASE I COMPLETION STATEMENT
Pursuant to 310 CMR 40.0484 (Subpart D) and 40.0800 (Subpart H)

H. PERSON UNDERTAKING RESPONSE ACTION(S):

Nameof Organization: Maass.arhuPt; _Elerr nmpany

Nameof Contact: -Michel e V.&n_ Title: Senior Envirnnmertal Engrineer

Street: 55 Btarftpoad

City/Town: Northhorough State: MA ZIP Code: 01 r'92-0000

Telephone: .08-471 -7564 Ext.: FAX: (optional) __R-R90-4706

E Check here if there has been a change ir the person undertaking the Response Action.

1. RELATIONSHIP TO SITE OF PERSON UNDERTAKING RESPONSE ACTION(S): (check one)

| RP or PRP Specify: 3 Owner C) Operator Q Generator 0 Transporter Other RP or PRP: Party of n terest

( Fiduciary, Secured Lender or Municipality with Exempt Status (as defined by M.G.L c. 21 E, s. 2)

( Agency or Public Utility on a Right of Way (as defined by M.G.L c. 21E, s. 5Q))

( Any Other Person Undertaking ResponsE Action Specify Relationship:

J. CERTIFICATION OF PERSON UNDERTAKING RESPONSE ACTION(S):

I, M e_ _ , attest under the pains and penalties of perjury (i) that I have personally examined and am
familiar with the information contained in this submittal, including any and all documents accompanying this transmittal form, (ii) that, based on my inquiry
of t-ose individuals immediately responsible for obtaining the information, the material information contained in this submittal is, to the best of my
knowledge and belief, true, accurate and comr ete, and (iii) that I am fully authorized to make this attestation on behalf of the entity legally responsible for
this submittal. i/the person or entity on whose behalf this submittal is made amrVis aware that there are significant penalties, including, but not limited to,
possible fines and imprisonment for willfully submitting false, inaccurate, or incomplete information.

By: \ AK\ uTitle: Serinr Envircnmental Engineer

(signature)

For: MasSarhu-,etVsE Iectr c n mpany Date:

(print name of person or entity recorded ir Section H)

Enter address of the person providing certifica ion, if different from address recorded in Section H:

Street: ___

City/Town: State: - ZIP Code:

TelEphone: Ext.: - FAX: (optional)

YOU MUST COMPLETE ALL RELEVANT SECTIONS OF THIS FORM OR DEP MAY RETURN THE DOCUMENT AS
INCOMPLETE. IF YOU SUBMIT AN INCOMPLETE FORM, YOU MAY BE PENALIZED FOR MISSING

A REQUIRED DEADLINE.

Revised 3130195 Supersedes Forms BWSC-010 (in part) and 013 Page 3 of 3
Do Not After This Form



UNDERGROUND
ENGINEERING &
ENVIRONMENTAL
SOLUIONs

[A-&

Halev & Aldrich, Inc.
465 Medford Street
Suite 2200
Boston, MA 02129-1400
Tel: 617.886.7400
Fax: 617.886.7600
www.lHalevAldrich.com27 June 2003

File No. 06558

City of Malden Office of the Mayor
200 Pleasant Street
Malden, Massachusetts 02148

OFFICES

Charles Towr
we c \'rgir

cievelanc
Chic

Denver
Caorad a

Detroit
Mvihigan

Hartford
Connectici

Lo! Angeles
caomrne

Manchester

New, ar-
!%6l ietSCl

Fortland

Rochester
New York

SaE Diecc
Cain Trr7

S ar F72 ccc

Attention: Mayor Richard C. Howard

Subject: Public Notification of Availability Under 310 CMR 40.1403
Phase III - Remedial Action Plan
Former Malden Manufactured Gas Plant (MGP) Site - Upland Portion
Malden, Massachusetts
RTN 3-0362
Tier IB Permit No. 7378

Ladies and Gentlemen:

On behalf of the Massachusetts Electric Company (MEC) and in accordance with the
Massachusetts Contingency Plan (MCP), 310 CMR 40.0000, Haley & Aldrich, Inc., is
notifying you of the availability of the above document.

This letter serves as notice of availability to the Malden Chief Municipal Officer in
accordance with the MCP under 310 CMR 40.1403(3)(e), of a report entitled "Report on
Phase III - Remedial Action Plan, Former Malden MGP Site - Upland Portion, Malden,
Massachusetts, RTN 3-0362, Tier IB Permit No. 7378," dated June 2003, and prepared by
Haley & Al rich, Inc.

A copy of this Phase III - Remedial Action Plan report is available for review at the
Massachusetts Department of Environmental Protection, Northeast Regional Office.

If you have questions concerning this letter, please contact Ms. Michele V. Leone of MEC at
508-421-7564, or the undersigned at 860-290-3150.

Sincerely yoairs,
HALEY & ALDRICH, INC.

'-
Id/C.

Richard P. Standish, LSP-of-Record
Vice President

c: Mas:achusetts Electric Company; Attn: Ms. Michele V. Leone
KeySpan Energy Delivery New England; Attn: Mr. Alexander G. Taft
City of Malden Board of Health; Attn: Mr. Walter F. Carlan

G.\06558\634 Phase lllFinal Phase IIIReporT\Phase I] public notification mayordoc

D:s ct C coLm ;



UNDERGROUND
ENGINEERING &
ENvIRONMEINTAL
SOLUTIONS

U-LE&

Haley & Aldrich, Inc.
465 Medford Street
Suite 2200
Boston, MA 02129-1400
Tel: 617.886.7400
Fax: 617.886.7600
www.HalevAldrich.corn27 Jung 2003

File No. 06558

City of Malden Board of Health
200 Pleasant Street
Malden, Massachusetts 02148

OFFICES

Charles -Iown.

Wes! /rginr

Cieveland
Ohur

Dervei
Coioradc

Detroi

Hartford
conectilclil

L~o. Angeles
calzforn;i

Nanchester

New pharmh
N'eu; iersei'

Rochester
New York

San Diegc
Ca :ibo)7717

San Franciscc
crm ifornit

\'ea shingtor

6

Attention: Mr. Walter F. Carlan
Director of Public Health

Subject: Public Notification of Availability Under 310 CMR 40.1403
Phase III - Remedial Action Plan
Former Malden Manufactured Gas Plant (MGP) Site - Upland Portion
Malden, Massachusetts
RTN 3-0362
Tier IB Permit No. 7378

Ladies and Gemtlemen:

On behalf of the Massachusetts Electric Company (MEC) and in accordance with the
Massachusetts Contingency Plan (MCP), 310 CMR 40.0000, Haley & Aldrich, Inc., is notifying
you of the availability of the above document.

This letter serves as notice of availability to the Malden Board of Health in accordance with the
MCP under 310 CMR 40.1403(3)(e), of a report entitled "Report on Phase 11 - Remedial Action
Plan, Former Malden MGP Site - Upland Portion, Malden, Massachusetts, RTN 3-0362, Tier IB
Permit No. 7:378," dated June 2003, and prepared by Haley & Aldrich, Inc.

A copy of this Phase Ill - Remedial Action Plan report is available for review at the
Massachusetts Department of Environmental Protection, Northeast Regional Office.

If you have questions concerning this letter, please contact Ms. Michele V. Leone of MEC at
508-421-756z,, or the undersigned at 860-290-3150.

Sincerely yotrs,
HALEY & ALDRICH, INC.

Richard P. Standish, LSP-of-Record
Vice President

c: Massachusetts Electric Company; Attn: Ms. Michele V. Leone
KeySpan Energy Delivery New England; Attn: Mr. Alexander G. Taft
City of Malden, Chief Municipal Officer; Attn: Mayor Richard C. Howard

G:\06558\634 Phase IlI\FinalPhaseIII_Rcpori\Phase il public notification BOH.doc
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Revised AMEC Risk Characterization



amec9

Amendment to Method 3 Risk Characterization and
Substantial Hazard Evaluation

Portion of Former Manufactured Gas Plant Site
Malden, Massachusetts

Submitted to:

Massachusetts Electric Company I
Northborough, Massachusetts

Submitted by:

AMEC Earth & Environmental
Boston, Massachusetts I

February, 2003

6-7037-0500



Massachusetts Electric Company
Substantial Hazard Evaluation
Maiden, Massachusetts
February, 2003

1.0 INTRODUCTION

A Method 3 Human Health Risk Characterization was performed in December 2001 as part of a
Phase 11 Comprehensive Site Investigation (Haley and Aldrich, 2001) for, portions of the Former
Malden Manufactured Gas Plant (MGP) Site (referred to herein as "The Site"), including parcels
at 100 Commercial Street, 129 Commercial Street, 99-109 Commercial Street, 89 Commercial
Street, 77 Commercial Street, 65 Commercial Street, 51 Commercial Street, Charles Street and
the Governor House located at the comer of Pearl and Charles Stree t. These parcels are
collectively referred to as the Upper Site; the portion of the Site consistilg of the Malden River
from the Maiden River culvert outfall to the Medford Street Bridge is not addressed in this
evaluation.

I The conclusions of that assessment indicated that a condition of No Significant Risk to human
health under current Site conditions exists at 100 Commercial Street, 99-109 Commercial
Street, 89 Commercial Street, 77 Commercial Street, 65 Commercial Street, Charles Street, and
Governor House. At the remaining two parcels that comprise the Upper Site, the Phase Il Risk
Characterization concluded that a condition of No Significant Risk to human health did not exist
under current conditions for the following identified current receptors and exposure pathways:

* At the 129 Commercial Street parcel: the excess risk was associated ith potential
exposures to a current commercial/industrial worker who is assumed to inhale contaminants
of potential concern (CPCs) in indoor air. Estimated excess cancer risk estimates for the
current commercial/industrial worker exceeded the risk management criterion based on an
average concentration of benzene. However, the average concentration of benzene (16.5
ug/m 3) in indoor air samples (representing December 2000, March 2001, June 2001, and
October 2001) was less than MADEP's published indoor air backgrou'nd concentration (21
ug/ma).

* At the 51 Commercial Street parcel: the excess risk was associated with a current
landscape worker who is assumed to have direct exposure to soils. No soil data from the
limited landscaped area on this parcel were available when the Risk Characterization was
conducted. Rather, a single surrogate soil sample from an adjacent paved area
(representing a depth interval 1 to 3 feet below ground surface [fbgs]) was used to estimate
potential risks.I

Four indoor air sampling events have been conducted at 129 Comnmercial Street following
submission of the Method 3 Human Health Risk Characterization in December, 2001. These
occurred on January 15, April 12, June 26, and October 14, 2002 (HaIley and Aldrich, 2002;
2003). Additionally, three soil borings were collected and analyzed fror 51 Commercial Street
in June, 2002 (Haley and Aldrich, 2002). These data were used herein to update the results of
the human health risk characterization for these two parcels.

A Substantial Hazard Evaluation was also conducted to determine whether a temporary solution
has been achieved at portions of the Site in support of a Class C Response Action Outcome
(RAO) in accordance with the Massachusetts Contingency Plan (MCP) (310 CMR 40.0956, 310

Page 1



Massachusetts Electric Company
Substantial Hazard Evaluation
Maiden, Massachusettt
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who may be exposed to volatile compounds in indoor air, the results of this Risk
Characterization utilizing recent indoor air data indicate that the Cumulative Receptor Cancer
Risk and Non-cancer Risk are less than the MADEP risk management criteria. The risk
estimates for the utility worker, the landscape worker, and the trespasser, which represent
conclusions of the Method 3 Risk Characterization (AMEC 2001) at 1291Commercial Street, are
also less than the MADEP risk management criteria. Therefore, a coridition of No Significant
Risk to Human Health exists at 129 Commercial Street.

2.2 51 Commercial Street

The parcel located at 51 Commercial Street is currently used as an office building (dentist office
and chiropractor office). A single building composed of multiple offices currently exists on the
property, with landscaped areas surrounding the sides abutting Commercial and Centre Streets.
Under current conditions, office workers, utility workers, trespassers and landscapers are
assumed to exist at this parcel. The complete exposure pathways for these receptors include
inhalation of indoor air, incidental ingestion of soil, dermal contact with soil, incidental ingestion
of groundwater, dermal contact with groundwater, inhalation of constituents in ambient air
(volatilized from scil), inhalation of constituents in ambient air (volatilized from groundwater),
and inhalation of particulates from soil. The conclusion of the Phase II I isk Characterization for
current Site conditions was that a condition of No Significant Risk exisis for the current office
worker, utility worker, and the current trespasser.

For current landscapers, the basis of the exposure point concentration in the landscaped area
adjacent to the building at 51 Commercial Street (soil exposure point) in the Phase II Risk
Characterization was surrogate soil analytical data. The soil analytic'l data consisted of a
single surface (0 t2 3 fbgs) soil sample obtained from beneath pave'Ient located near the
boundary with the parcel at 65 Commercial Street. However, this is not soil to which
landscapers could actually be exposed. Therefore, in June 2002, three soil borings were
installed in the landscaped area with soil samples collected from the 0.5|to 1 foot interval and 0
to 3 feet interval (Haley and Aldrich 2002; see Attachment B for locations). Soil samples
collected from the 0.5 to 1 foot interval were analyzed for Volatile Oetroleum Hydrocarbon
fractions (VPH) and target analytes; soil samples from the 0 to 3 feet interval were analyzed for
Extractable Petroleum Hydrocarbon fractions (EPH) and target analytds. A summary of the
data is presented in Table 4.

The entire landscaped area is considered a single exposure point, with the three soil samples (0
to 3 fbgs) considered representative of the exposure point. The results for naphthalene from the
VPH analysis representing the 0.5 to 1 foot depth interval is used to represent the 0 to 3 feet
depth interval because the detected concentrations were higher relative to that from the EPH
analysis. For each detected compound, the soil exposure point concentration is based on the
arithmetic average concentration of the detected concentrations and velues equal to one-half
the laboratory repoiting limit. Field duplicate samples and primary samples were averaged prior
to incorporation into the exposure point concentration. The soil exposu're point concentrations
are presented in Table 5.
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3.0 HUMAN HEAL.TH SUBSTANTIAL HAZARD EVALUATION

amec'9

Despite the fact that no significant risk was found to receptors at either 129 Commercial Street
or 51 Commercial Street, a Substantial Hazard Evaluation was conducted for these two parcels.
Each is described li the following sections.

3.1 129 Commercial Street

As described in Section 2.1, the parcel located at 129 Commercial Street is currently used as a
commercial bread bakery. Under current conditions, utility workers, trespassers, commercial
(site) workers, and landscapers are assumed to exist at this parcel. The complete exposure
pathways for thesa receptors include incidental ingestion of soil, dermal contact with soil,
incidental ingestion of groundwater, dermal contact with groundwater, inhalation of constituents
in ambient air (volatilized from soil), inhalation of constituents in ambi'ent air (volatilized from
groundwater), inhalation of indoor air, and inhalation of particulates from soil. The conclusion of
the Method 3 Risk Characterization for current Site conditions was that a condition of No
Significant Risk exists for the current utility worker, the current landscape worker, and the
current trespasser. Therefore, a condition of No Substantial Hazard to Human Health exists for
these receptors at 129 Commercial Street. As such, only commercial workers are included in
this Substantial Hazard Evaluation.

Commercial workers are assumed to be present at 129 Commercial Street for 8-hour shifts 24
hours per day. The identified exposure pathway for current workers to identified OHM at this
Site is via inhalation of indoor air. For the current commercial worker! exposures to OHM in
indoor air are evaluated in this Substantial Hazard Evaluation based on indoor air data
representing current Site conditions (collected on December 12, 2000 1March 16, 2001, June
29, 2001, October 17, 2001, January 15, 2002, April 12, 2002, June 26, 2002, and October 14,
2002 [Haley and Aldrich, 2002]). Exposure point concentrations for indoor air are shown in
Table I and were derived as described in Section 2.1. This represents tihe only current potential
exposure pathway 'or this receptor.

The ADD for this receptor was calculated using the equations presented in Section 2.1 above.
With the exception of the exposure duration and the averaging periIod for non-cancer risk
estimates, the algoithm represents the same equation and assumptions utilized in the Method 3
Risk Characterizati:>n (AMEC, 2001) for current commercial workers at 129 Commercial Street.
For this Substantial Hazard Evaluation, the period of exposure is a total of 19 years,
representing Januiry 1989 (the date of "site notification") to September 2007 (five years from
the date of this evaluation) (310 CMR 40.0956(1)(b)). The toxicity values (reference dose [RfD]
and Cancer Slope Factor [CSF]) and relative absorption values used in this Substantial Hazard
Evaluation (see Table 8) are the same values used in the Method 3 Risk Characterization
(AMEC, 2001), and represent currently available information regarding potential toxicity.

In order to determiie whether a condition of No Substantial Hazard exists at this parcel, a risk
characterization was conducted. As stated in Section 1.0, a condition of No Substantial Hazard
to Human Health eKists if, for an appropriate Exposure Period, no Cumulative Receptor Cancer
Risk and no Cumulative Receptor Non-cancer Risk is greater than the Cumulative Receptor
Risk Limits, defined as one in one hundred thousand (10~5) for carcinogenic effects and 1 for
non-cancer health effects (MADEP Risk Management Criteria) (310 CIR 40.0956; 310 CMR
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TABLE I
SUMMARY OF INDOOR AIR EXPOSURE POINT CONCENTRATIONS

129 COMMERCIAL STREET
FORMER MALDEN MANUFACTURED GAS PLANT

MALDEN, MASSACHUSETTS

No. of Total No. Minimum Detection Maximum Detection Arithmetic Mean
Constituent Detections of Samples (mg/m 3 ) (mg/m 3) (mg/m3)
Benzene 31 46 0.0014 0.0480 0.0132
Ethylbenzene 43 46 0.0010 0.0110 0.0025
Naphthalene l8 46 0.0013 0.0423 0.0029
Styrene 36 46 0.0012 0.0258 0.0043

oluene '12 46 0.0068 0.0988 0.0232
m-&p-xylenes 16 46 0.0021 0.0232 0.0053
o-xylenes 10 46 0.0010 0.0070 0.0023

Note:
(1) This table presents the summary of data collected during the eight most recent monitoring events
conducted on December, 2000: March 2001; June 2001; October 17, 2001, January 15, 2002, April 12, 2002, June 26, 2002,
and October 14, 2002.
(2) Exposure Point concentration based on arithmetic mean concentration of detected concentrations and
values equal to one-half reporti ng limit for non-detects.

Tablel.xIs



Table 2
Potential Carcinogenic Risk Following Exposure via Inhalation of Indoor Air-
Amendment to Method 3 Risk Characterization
Former Maiden MGP, MaIden, Massachusetts

Receptor:

LADD (mg/kg-day) =

Site Worker (Adult)

CA x AAF x IR x ET x EF x ED
BW x AP

29 Commercial Street

ELCR = LADD (mg/kg-day) * CSF ( 1/mg/kg-day)

Parameter (units) Value

LADD = Lifetime Average Daily Dose Due to Inhalation (mg/kg-day) See Below
CA = Compound Concentration in Air (mg/m') Chemicsl-Specific
AAF = Absorption Adjustment Factor (unitless) Chemicsl-Specific
IR = Inhalation Rate (m4/hr) 1.2
ET= Exposure Time (hr/day) 8
EF = Exposure Frequency (days/year) 250
ED = Exposure Duration (years) 27
BW = Body Weighi (kg) 70
AP = Averaging Period (days) (75 years x 365 days/yr, cancer) 27375
CSF= Cancer Slope Factor (1/mg/kg-day) Chemical-Specific
ELCR= Estimated Lifetime Cancer Risk Calcolated

Compound Compound AAF ADD Inhalation CSF Inhalation
(m/m 3) (unitiess) (mg/k -da (1/mq/kg-day) (unitless)

Benzene 0.0132 1 4E-04 0.0273 1E-05
Ethylbenzene 0.0025 1 9E-05 Class D NA
Naphthalene 0.0053 1 2E-04 Clais D NA
Styrene 0.0029 1 1 E-04 NA NA
Toluene 0.0023 1 8E-05 Class D NA
m-&p-xylenes 0.0043 1 1E-04 NA NA
o-xylenes 0.0232 1 8E-04 Class D NA

ELCR = | 1.E-05

Table2.xsTable2_pg2
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Table 6a
Potential Hazard Quotient and Risk Following Exposure via Incidental Ingestion of Soli-I Commercial Street
Arnendment to Method 3 Risk Characterization
Former Maiden MGP, Malden, Massachusetts

Scenario:
Receptor:

Intake (mg/kg-day) =

Hazard Quotient (HQ) =
Cancer Risk (ELCR) =

Cent C ccupational Scenario (0 - 3f.
Lnsaer

CSxI xF x RAFoxEFxEDxCF
BW x AT

Intake (mg/kg-day) / RfD (mg/kg-day)
Intake (mg/kg-day) CSF [1/(mg/kg-day)]

Parameter (units) Value
ADD_= Average Daily Dose Due to Ingestion (mg/kg-day) See Below
CS = Compound Concentration in Soil (mg/kg) Chemical-Specific
IR = Soil Ingestion Rate (in/day) 50
FI= Fraction of Soil Ingeited from the Site (unitiess) 1
RAFo = Relative Absorption Factor (Oral-Soil) (unitless) Chemical-Specific
EF = Exposure Frequency (days/year) 24
ED = Exposure Duration (bears) 27
CF = Conversion Factor (k g/mg) 1E-06
BW = Body Weight (kg) 70
AT = Averaging Time (days) (ED x 365 days/yr, noncance 9855
AT = Averaging Time (days) (75 yr. x 365 days/yr, cancer) 27375
RfD= Reference Dose (mg'kg-day) Chemical-Specific
CSF= Cancer Slope Factor [1/(mg/kg-day)] Chemical-Specific

Compound Concenti n Oral-Soil Intake Chronic Oral Oral-Soil Intake SoilCompund oncntnnionIngestion IA Cacr Oral CSF Ingestion
(0 -3 if RAP (Noncancer) RID O RA CnclRs(0 - 3 f) HQ Risk

(mg/kc) (unitless) (mg/kg-day) (mg/kg-day) (unitless) (unitless) (mg/kg-day) (mg/kq-dayy' (unitless)

1-Methylnaphthalene 0.64 0.43 1.3E-08 2.0E-02 6.4E-07 NA NA NA NA
2-Methylnaphthalene 0.85 0-43 1.72-08 2.0E-02 8.62-07 NA NA NA NA
Acenaphthylene 2.3 0.43 4.7E-08 6.0E-02 7.9E-07 NA NA Class D NA
Anthracene 2.1 0.43 4.3E-08 3.OE-01 1.4E-07 NA NA Class D NA
Arsenic 8.8 0.51 2.1E-07 3.0E-04 7.0E-04 5.1E-01 7.6E-08 1.5E+00 1.1E-07
Barium 63 1 3.OE-06 7.OE-02 4.2E-05 NA NA NA NA
Benzo(a)anthracene 5.3 0.27 6.7E-08 4.0E-02 1 .7E-06 2.7E-01 2.4E-08 7.3E-01 1.8E-08
Benzo(a)pyrene 5.4 0.27 6.9E-08 4.0E-02 1.7E-06 2.72-01 2.5E-08 7.3E+00 1.8E-07
Benzo(b)fluoranthene 4.5 0.27 5.7E-08 4.0E-02 1.4E-06 2.7E-01 2 .1E-08  7.3E-01 1.5E-08
Benzo(e)pyrene 3.8 0.43 7.7E-08 3.0E-02 2.6E-06 NA NA Class D NA
Benzo(g,hli)perylene 4.1 0.27 5.3E-08 4.0E-02 1.32-06 NA NA Class D NA
Benzo(k)fluoranthene 4.4 0.27 5.6E-08 4.0E-02 1.4E-06 2.7E-01 I 2.0E-08 7.3E-02 1.5E-09
C11-C22Aromatics 810 0.43 1.6E-05 3.OE-02 5.SE-04 NA I NA NA NA
C19-C36 Aliphatics 136 0.91 5.BE-06 2.0E+00 2.9E-06 NA | NA NA NA
C9-Cl BAliphatics 43 0.91 1.8E-06 1.0E-01 1.8E-05 NA I NA NA NA
Cadmium 0.5 1 2.5E-08 1.OE-03 2.5E-05 NA | NA NA NA
Chromium 23 0.3 3.3E-07 3.OE-03 1.1E-04 NA NA NA NA
Chrysene 5.5 0.27 7.0E-08 4.0E-02 1.7E-06 2.E-01 2.5E-08 7.3E-03 1.8E-10
Cyanide, Physiologically Av 1.1 1 5.0E-08 2.0E-02 2.5E-06 NA NA Class D NA
Cyanide, Total 4.5 0.2 4.2E-08 2.0E-02 2.1E-08 NA NA Class D NA
Dibenzo(a,h)anthracene 1.2 0.27 1.5E-08 4.0E-02 3.8E-07 2.7E-01 15.52-09 7.3E+00 4.OE-08
Fluoranthene 7.7 0.43 1.6E-07 4.0E-02 3.9E-06 NA I NA Class D NA
Fluorene 0.59 0.43 1.2E-08 4.0E-02 3.OE-07 NA 1 NA Class D NA
Indeno(1,2.3-cd)pyrene 3.7 0.27 4.7E-08 4.02-02 1.2E-06 27E-01 11.7E-08 7.3E-01 1.2E-08
Lead 318 0.3 4.5E-06 7.5E-04 6.0E-03 NA I NA NA NA
Mercury 0.35 2 3.2E-08 3.0E-04 1.1E-04 NA NA Class D NA
Naphthalene (VOC) 1.2 0-43 2.5E-08 2.0E-02 1.2E-06 NA NA NA NA
p/m-Xylene 0.16 1 7.5E-09 2.0E+00 3.8E-09 NA NA Class D NA
Perylene 1.5 0.43 3.0E-08 3.0E-02 9.9E-07 NA NA Class D NA
Phenanthrene 4.8 0.43 9.8E-08 4.0E-02 2.4E-06 NA NA Class D NA
Pyrene 10 0.43 2.0E-07 3.0E-02 6.52-06 NA NA Class D NA

Hazard Index: 0.008 Total Cancer Risk: 3.8.E-07
Notes:
Pyrene RAF. RfD, and CSF are used as a surrogate values for Benzo(e)pyrene and Perylene.

Table6.xisTable6a
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Table 8
Potential Carcinogenic Risk Following Exposure via Inhalation of Indoor Air
Substantial Hazard Evaluation
Former Maiden MGP, Malden, Massachusetts

Receptor: Site Worker (Adult)

LADD (mg/kg-day) =

ELCR =

CA x AAF x IR x ET x EF x ED
BW x AP

LADD (mg/kg-day) * CSF ( 1/mg/kg-day)

Parameter (units) Value
LADD = Lifetime Average Daily Dose Due to Inhalation (mg/kg-day) See Below
CA Compound Concentration in Air (mg/m) Chemical-Specific
AAF = Absorption Adjustment Factor (unitless) Chemical-Specific
IR = Inhalation Rate (ma/hr) 1.2
ET= Exposure Time (hr/day) !8
EF = Exposure Frequency (days/year) 250
ED = Exposure Duration (years) 19
BW = Body Weighi (kg) 70
AP = Averaging Period (days) (75 years x 365 days/yr, cancer) 27375
CSF= Cancer Slope Factor (1/mg/kg-day) Chemicsl-Specific
ELCR= Estimated Lifetime Cancer Risk Calculated

Compound Compound AAF ADD Inhalation CSF Inhalation
(mq/ma) (unitless) (mg/kg-day) (1/mg/kg-day) (unitiess)

Benzene 0.0132 1 3E-04 0.0273 9E-06
Ethylbenzene 0.0025 1 6E-05 Class D NA
Naphthalene 0.0029 1 7E-05 NA NA
Styrene 0.0043 1 1 E-04 NA NA
Toluene 0.0232 1 6E-04 Class D NA
m-&p-xylenes 0.0053 1 1 E-04 Cla'ss D NA
o-xylenes 0.0023 1 6E-05 Class D NA

ECR I 9.E-06

Table8.xlsTable8,pg2



Table 10a
Potential Exposure via Incidental Ingestion of Soll -51 Commercial Street
Substantial Hazard Evaluation
Former Maiden MGP, Maiden, Massaciiusetts

Scenario:
Receptor-

ADDILADD (mg/kg-day) =

Hazard Quotient (HQ) =
Cancer Risk (ELCR) =

Current Occupational Scenario (0 - 3 ft.)
Landscaper

CS x IR x F1 x RAFo x EF x ED x CF
BW x AT

ADD (mg/kg.day) I RfD (mg/kg-day)
LADD (mg/kg-day) * CSF [1/(mg/kg-day)]

Parameter (units) Value
ADD = Average Daily Dose Due to Ingestion (mqlkg-day) See Below
LADD = Lifetime Average Daily Dose (mg/kg-day) See Below
CS = Compound Concentration in Soil (mg/kg) Chemical-Specific
IR = Soil Ingestion Rate (mg/day) 50
Fl= Fraction of Soil Ingestec from the Site (unitless) 1
RAFo Relative Absorption Factor (Oral-Soil) (unitless) Chemical-Specific
EF = Exposure Frequency (days/year) 24
ED = Exposure Duration (yeals) 19
CF = Conversion Factor (kg/mg) 1E-06
8W = Body Weight (kg) 70
AT = Averaging Time (days) (ED x 365 days/yr, noncancer) 6935
AT = Averaging Time (days) (75 yr. x 365 days/yr, cancer) 27375
RfD= Reference Dose (mg/kq.day) Chemical-Specific
CSF= Cancer Slope Factor [/I mg/kg-day)] Chemical-Specific

Noncancer Hazard Quotient Excess Lifetime Cancer Risk
Soil Soil I Soiloi

Compound Concnraticn raSoil ADD (Noncancer) Chronic Oral RfD Ingestion Oral-f (CrA ) l inon
(0 - 3 ft.) RAF HO Risk
(mg/kg) (unitless) (mg/kg-day) (mg/kg-day) (unitless) (unitless) (mg/kg-day) (mq/kq-day)' (unitless)

1 -Methylnaphthalene 0.64 0.43 1.3E-08 0.02 6.4E-07 NA| NA NA NA
2-Methylnaphthalene 0.85 0.43 1.7E-08 0.02 8.6E-07 NA I NA NA NA
Acenaphthylene 2.34 0.43 4.7E-08 0.06 7.9E-07 NAl NA Class D NA
Anthracene 2.14 0.43 4.3E-08 0.3 1.4E-07 NAI NA Class D NA
Arsenic 8.77 0.51 2.1E-07 0.0003 7.0E-04 0.511 5.3E-08 1.5 8.0E-08
Barium 63 1 3.0E06 0.07 4.2E-05 NA NA NA NA
Benzo(a)anthracene 5 0.27 6.7E-08 0.04 1.7E-06 0.27 1.7E-08 0.73 1.2E-08
Benzo(a)pyrene 5.42 0.27 6.9E-08 0.04 1.7E-06 0.27 1.7E-08 7.3 1.3E-07
Benzo(b)fluoranthene 5 0.27 5.7E-08 0.04 1.4E-06 0.27 1.5E-08 0.73 1.1E-08
Benzo(e)pyrene 4 0.43 7.7E-08 0.03 2.6E-06 NA NA Class D NA
Benzo(g.h,i)perylene 4 027 5.3E-08 0.04 1.3E-06 NA NA Class D NA
Benzo(k)fluoranthene 4 0.27 5.6E-08 0.04 1.4E-06 0.271 1.4E-08 0.073 1.OE-09
C11-C22 Aromatics 810.33 0.43 1.6E-05 0.03 5.5E-04 NA NA NA NA
C19-C36 Aliphatics 136 0.91 5.8E-06 2 2.9E-06 NA | NA NA NA

9-C18 Aliphatics 43 0.91 1.8E-06 0.1 1.8E-05 NA NA NA NA
Cadmium 1 1 2.5E-08 0.001 2.5E-05 NA NA NA NA
Chromium 23.33 0.3 3.3E-07 0.003 1.1E-04 NA NA NA NA

hrysene 6 0.27 7.0E-08 0.04 1.7E-06 0.27 1.8E-08 0.0073 1.3E-10
Cyanide, Physiologically Av 1 1 5.0E-08 0.02 2.5E-06 NA NA Class D NA
Cyanide, Total 4 0.2 4.2E-08 0.02 2.1E-06 NA NA Class D NA
Dibenzo(ah)anthracene 1 0.27 1.5E-08 0.04 3.8E-07 0.271 3.9E-09 7.3 2.8E-08
Fluoranthene 7.70 0.43 1.6E-07 0.04 3.9E-06 NA NA Class D NA
Fluorene 0.59 0.43 1.2E-08 0.04 3.0E-07 NA NA Class D NA
Indeno(1,2,3-cd)pyrene 4 0.27 4.7E-08 0.04 1.2E-06 0.271 1.2E-08 0.73 8.6E-09
Lead 318 0.3 4.5E-06 0.00075 6.0E-03 NA NA NA NA
Mercury 0 2 3.2E-08 0.0003 1.1E-04 NA NA Class D NA
Naphthalene (VOC) 1 0.43 2.5E-08 0.02 1.2E-06 NA NA NA NA
p/m-Xylene 0.16 1 7.5E-09 2 3.8E-09 NA NA Class D NA
Perylene 1.47 0.43 3.0E-08 0.03 9.9E-07 NA NA Class D NA
Phenanthrene 4.84 0.43 9.8E-08 0.04 2.42-06 NA NA Class D NA
Pyrene 10 0.43 2.0E-07 0.03 6.5E-06 NA NA Class D NA

Hazard Index: 0.008 Total Cancer Risk: 27.E-07
Notes:
Toxicity information for Pyrene used as surrogate values for Benzo(e)pyrene and Perylene.

TablelO.xlsTablel0a
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