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CHAPTER 1
INTRODUCTTION

On April 24, 1989, a Consent Decree was entered into
between the United States Environmental Protection Agency
(USEPA), the Massachusetts Department of Environmental
Protection (MDEP) and a number of Settlers. The Consent
Decree (USEPA, 1989) defines the remediation requirements
for the Industri-Plex Site (the Site), located in Woburn,
Massachusetts, and is based upon the Record of Decision
(ROD) for the Site (USEPA, 1986). The Consent Decree also
required that the Industri-Plex Site Remedial Trust (ISRT)

be established to implement the remedial work.

In partial satisfaction of the Consent Decree, a Remedial
Design Work Plan (RDWP) was developed by Golder Associates
Inc. (Golder, 1990a) and approved by USEPA and MDEP (the
Agencies). The RDWP defines all work that 1is to be
undertaken to develop designs and specifications for
implementation of the remedies at the Site. The RDWP also
defines the content of a series of reports to be submitted

to the Agencies during development of the design.

On October 1, 1990, the Preliminary (30%) Design Report was
submitted to the Agencies (Golder, 1990b). Subsequently,
two reports were issued to the Agencies that supplemented
the October 1 report (Golder, 199la and 1991b).

On April 15, 1991, the Intermediate (60%) Design Report was
submitted to the Agencies (Golder Associates, 1991c). The
Agencies provided comments on the report covering a portion
of its contents. Responses to these comments were
submitted to the Agencies on July 15, 1991 (Golder, 1991d).

Golder Associates
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On August 12, 1991, the Pre-Final (95%) Design Report was
submitted to the Agencies (Golder, 1991e). The Agencies
provided comments on the report, and responses to the
Agency comments were submitted on November 1, 1991 (Golder,
1991f) .

A Final (100%) Design Report, Part I (Golder, 1991a) was
submitted to the Agencies on December 21, 1991 in partial
fulfillment of the 100% completion deliverable for the

Remedial Design of the Industri-Plex Site.

The Agencies provided comments on the report and responses
to the comments were submitted on April 3, 1992 (ISRT,
1992). This revised Final (100%) Design Report (Part I)
incorporates the agreed design changes in response to the

Agency comments.

Certain portions of the Final (100%) Design Report have
been deferred, consistent with instructions from the
Agencies (USEPA, 1991a, 1991b), as outlined below:

1. Groundwater Remedy: The Agencies requested that
an aquifer test be performed on the Site and that
the groundwater extraction system be redesigned,
integrating the data gathered from the test. The
Agencies also agreed to a deferral of the
completion of the groundwater treatment system
design while further treatability tests are
completed. As a result, Chapters 7 (Groundwater
Extraction System) and Chapter 8 (Groundwater
Treatment System) are not submitted in this
report. Additionally, groundwater extraction and
treatment portions of Chapter 4 (ARARs) and
Chapter 19 (0&M) are not submitted in this
report.

In the 60% Design Report, Volumes 6 and 7
presented the specifications and drawings related
to the groundwater remedy. These documents will
be superceded when the groundwater remedy design
is completed and are not included 1in this
submission. Final Design of the groundwater

Golder Associates



April 1992 1-3 903-6400

recharge system is complete and is included as
Chapter 9 of this report. The Final (100%)
Design for the Groundwater Remedy will be
presented in Part II of the Final (100%) Design
Report to be submitted at a later date.

2. Institutional Controls: The Agencies have placed
Institutional Controls on a separate schedule
from the remainder of the Remedial Design.
Therefore, they will be addressed in a subsequent
Remedial Design submission.

With the exception of the above elements, this report
provides a comprehensive submission of the Remedial Design
and, as such, supercedes the previous Preliminary (30%),
Intermediate (60%), and Pre-Final (95%) Design Reports, the
Final (100%) Design Report dated December 1991, and
associated comment response documents (Golder 1990b, 1991a,
1991b, 1991c, 1991d, 199le, 1991f, 1991g, and ISRT, 1992).

This report is organized in eight volumes, as described
below. The chapter numbering follows that of the 60% and
95% Design Reports, including elements of the design which
have been deferred by agreement with the Agencies.

Volume 1: Volume 1 presents background materials, a
discussion of design compliance with ARARs, and a
generalized description of the Site history and
investigations, the Site Geology and Hydrogeology, and
the groundwater recharge basin design, as follows:
Chapter 1 - Introduction
Chapter 2 - Consent Decree Requirements

Chapter 3 - Remedial Design Work Plan
Requirements

Chapter 4 - ARARs
Chapter 5 - Site History and Investigations
Chapter 6 - Site Geology and Hydrogeology

Chapter 7 - Groundwater Extraction System

Golder Associates
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Chapter 8 - Groundwater Treatment System

Chapter 9 - Groundwater Recharge System
As noted above, Chapter 4 does not include groundwater
extraction and treatment portions of the remedy, and
Chapters 7 and 8 are not included.
Volumes 2 and 3: Volumes 2 and 3 present analysis and
design information on the surface water management for
the Site:

Chapter 10 - Surface Water Management

Volume 4: Volume 4 presents design information for
the soils and sediments portion of the remedy, as
follows:

Chapter 11 - Permeable Cover
Chapter 12 - Impermeable Cover

Chapter 13 - Streams and Wetlands Sediment
Remediation

Volume 5: Volume 5 presents design information for
streams and wetlands impact mitigation, the gas
portion of the remedy, and information related to the
post-remediation activities and controls, as follows:

Chapter 14 - Streams and Wetlands Impact

Mitigation
Chapter 15 - Gas Collection System
Chapter 16 - Gas Treatment System
Chapter 17 - Institutional Controls
Chapter 18 - Site Planning

Chapter 19 - Operations and Maintenance Plan

As noted above, Chapter 17 1is not included and Chapter
19 does not 1include groundwater extraction and
treatment portions of the remedy.

Volume 6: Volume 6 presents the Contract Documents
and Specifications for construction of all elements of
the Remedy excluding the groundwater extraction and
treatment systems.

Golder Associates
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Volume 7: Volume 7 presents the drawings associated
with Chapters 5, 9, and 11.

Volume 8: Volume 8 presents the drawings associated
with Chapters 12 through 16.

Each volume of the report contains a Table of Contents for
both the total report and the volume. Each chapter of the
report (except Chapters 1 and 2) begins with a detailed
Table of Contents for the chapter. References, tables,
figures, and appendices for each chapter of the report are
found at the end of that chapter.

Golder Associates
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CHAPTER 2
CONSENT DECREE REQUIREMENTS

The Consent Decree (USEPA, 1989) entered into between the
Agencies and the Settlers defines the work that is to be
undertaken at the Site. This definition is within the
Consent Decree as well as within the Remedial Design/Action
Plan (RDAP) which is integrated into the Consent Decree as
Appendix I.

While the Consent Decree, the RDAP, and the Record of
Decision (USEPA, 1986, 1989) should be consulted for
specific definition of the remedies to be implemented at
the Industri-Plex Site, the RDAP generalizes the remedies
as follows:

The remedial action for soils, sediments and sludges
contaminated with Hazardous Substances, other than
those emitting odors, shall include site grading,
capping with a permeable soil cover, excavation,
dredging, and/or consolidation for all areas
containing Hazardous Substances at concentrations
above established action 1levels, and development of
Institutional Controls for all areas containing
Hazardous Substances at greater than background levels

to ensure the long-term effectiveness of the remedial
action....

The remedial action for control of air emissions is
intended to mitigate the release or threat of release
of Hazardous Substances, including odors associated
with decaying hide waste, in the East Hide Pile...The
remedial action shall consist of stabilizing the side
slopes of the East Hide Pile, installing a gas
collection layer, capping with a synthetic membrane to
establish impermeability, and soil cover (in
accordance with Attachment A [of the RDAP]), and
treating gaseous emissions with either activated
carbon or thermal oxidation. EPA in consultation with
the Commonwealth will approve the final decision as to
which gas treatment system to install after the
impermeable cover and gas collection system reach
equilibrium. Settlers shall operate a temporary gas
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treatment system and shall monitor gas generation and
pile settlement until the pile has reached
equilibrium. The final decision regarding the
permanent gas treatment system will be to provide the
most efficient and cost effective long-term remedy to
the emission of odors and other Hazardous Substances
based on the characteristics of the gaseous discharge
and other engineering criteria established during the
Remedial Design process. EPA in consultation with the
Commonwealth will specify the final treatment decision
in a subsequent document...

Settlers shall design and implement an interim
groundwater remedy that shall consist of several
interceptor/recovery wells located to capture the
identified plumes of Hazardous Substances (benzene and
toluene) migrating in groundwater, construction of a
treatment system, and operation and maintenance of
these remedial components until the appropriate
performance standards are achieved...Settlers shall
pretreat recovered groundwater to control odors and to
remove dissolved or suspended Hazardous Substances,
and shall subject the recovered groundwater to air
stripping to remove volatile Hazardous Substances.
Settlers shall during Remedial Design identify
appropriate performance standards for groundwater and
effluent water quality and shall submit these proposed
performance standards to EPA and the Commonwealth for
review and approval. The treated effluent shall be
discharged via a subsurface leaching pit to be located
on-Site in an upgradient portion of the aquifer....

These Consent Decree requirements form the basis upon which

the Remedial Design Work Plan (Golder, 1990) was developed.

Golder Associates
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CHAPTER 3
REMEDIAL DESIGN WORK PLAN REQUIREMENTS

3.1 WORK PLAN REQUIREMENTS

In this chapter, all content requirements outlined in the
Remedial Design Work Plan (RDWP; Golder, 1990) for each
chapter of the Final (100%) Design Report are reviewed.

For all parts of the remedies, the RDWP requires completion
of all Remedial Design activities, submittal of all final
plans, final bid documents, specifications for Remedial
Action, the final Operations and Maintenance Plan, and the
contractor short list. The contractor short list has been

provided by ISRT in a separate submittal to this report.

3.2 ARARS
The RDWP defines that the 100% Design Report will include
documentation of the analysis of "the conformance of the

remedial design with the ARARs specific to this Site"
together with a response to the comments of the Agencies on
the 95% draft. This information is presented in Chapter 4
of this report. Due to Agency defined deferrals, the
analysis excludes all elements of the groundwater

extraction and groundwater treatment systems.

3.3 GROUNDWATER EXTRACTION SYSTEM
The RDWP defines that the groundwater extraction system

design portion of the 100% Design Report includes final
extraction well locations and equipment sizing,
instrumentation, controls, and specifications. The
Agencies have directed the deferral of submission of this
information, and it will be included in Part II of the 100%
Design Report. However, a discussion of the Site Geology
and Hydrogeology is included in Chapter 6 of this report.

Golder Associates
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3.4 GROUNDWATER TREATMENT SYSTEM
The RDWP defines that the groundwater treatment system

design portion of the 100% Design Report includes the

following:

1. Review of groundwater analytical data,

2. Determination of treatment system flow rate,

3. Completion of flow diagram,

4. Completion of equipment specifications for all
tanks, piping, pumps, agitators, air stripper,
filters, and instrumentation, and

5. Treatment system structural design.

The Agencies have directed the deferral of the submission
of this information while further treatability testing is
completed. The final groundwater treatment system design
will be presented in Part II of the 100% Design Report, to
be submitted at a later date.

3.5 GROUNDWATER RECHARGE SYSTEM
The RDWP defines that the groundwater recharge system

design portion of the 100% Design Report includes the

following:
1. Final recharge basin design,
2. Pump sizing,
3. Recharge system capacity, and
4, Soil infiltration capacity.

This design information is presented in Chapter 9 of this
report. The design elements of the groundwater recharge
system are integrated in the Specifications contained in

Volume 6 and the Design Drawings included in Volume 7.

Golder Associates
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3.6 PERMEABLE COVER
The RDWP defines that the permeable cover design portion of
the 100% Design Report includes the following:

1. Definition of the stabilization method for the
West Hide Pile,

2. Final definition of cover extent determined from
Pre-Design Investigation (PDI) and previous data,
including type of cap or cover and locations and
concentrations of Hazardous Substances on each
Landowner’s property,

3. Type of cap or cover, and

4. Areas where excavation of Hazardous Substances
and replacement with clean backfill would be
appropriate.

This information is presented in Chapter 11 of this report.
Site drainage analyses are contained in Chapter 10. The
design elements of the permeable cover are integrated in
the Specifications contained in Volume 6 and the design
drawings included in Volume 7.

3.7 IMPERMEABLE COVER
The RDWP defines that the impermeable cover design portion
of the 100% Design Report shall include the following:

1. Final designs of slopes, cover section, and
stabilization mechanism, including stabilizing
medium location and sections,

2. Definition of cap section and extent,
3. Grading plan, and
4. Gas vent spacing.

This information is presented in Chapter 12, Volume 6, and
Volume 8 of this report.

Golder Associates
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3.8 STREAMS AND WETLANDS REMEDIATION
The RDWP defines that the streams and wetlands remediation

portion of the 100% Design Report includes the following:

1. Development of final sediment excavation
methodology,

2. Sections for wetlands revitalization,

3. Additional remediation and/or revitalization
techniques,

4. Monitoring plan, and

5. Definition of functionality goals.

This information is included in Chapters 13, 14, and 19,

and Volumes 6 and 8 of this report.

3.9 GAS COLLECTION SYSTEM
The RDWP defines that the gas collection system portion of

the 100% Design Report will include the final gas system
design package including final determination of gas flow
rate and final selection of piping. This design
information is presented in Chapter 15, Volume 6, and

Volume 8 of this report.

3.10 GAS TREATMENT SYSTEM
The RDWP defines that the gas treatment system design

portion of the 100% Design Report will include the
following:

1. Determination of volatile organic compound (VOC)
removal requirements,

2. Determination of allowable air loading,
3. Development of final flow diagrams,
4, Determination of treatment equipment

specifications, and
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5. Final piping, instrumentation, and equipment
design/specifications.

This design information is presented in Chapter 16, Volume

6, and Volume 8 of this report.

3.11 TINSTITUTIONAL CONTROLS
The RDWP defines that the institutional controls portion of

the 100% Design Report shall include the following:

1. Identification and summary of institutional
control requirements and ARARs,

2. Definition of 1land categories and anticipated
land disturbances,

3. Definition of control levels applicable to
particular land disturbances and categories,

4, Identification, analysis, and recommendation of
the legal mechanisms for imposing, implementing,
and enforcing institutional controls,

5. Final plan identifying Site 1land categories
requiring institutional controls, and

6. Final report on institutional controls
implementation, inauguration, and administration
program (including implementation documents, and
Landowner Guide outlining operation of
institutional controls).

The Agencies have deferred the completion of their review
of the Institutional Controls chapter of the 60% Design
Report (Golder, 1991b). The Agencies have also directed
that submittal of the Institutional Controls chapter of the
100% Design Report be deferred.

3.12 SITE PLANNING
The RDWP defines that the site planning portion of the 100%
Design Report shall include the following:

1. Final master drainage plan, grading, 1lot sizes,
and landscaping,

Golder Associates



April 1992 3-6 903-6400

2. Final utility layout plan, and

3. Completion of Master Plan Options.

This information is presented in Chapters 11 and 18, and

Volume 8 of this report.

3.13 OPERATIONS AND MAINTENANCE PLAN

The RDWP defines that the 100% Design Report will include
the final Operations and Maintenance (O&M) Plan. The O0O&M
Plan is contained in Chapter 19 of this report. Due to
Agency defined deferrals, the O&M Plan does not address the

groundwater extraction and treatment systems.
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CHAPTER 4
ARARS

4.0 CONFORMANCE OF DESIGN WITH THE APPLICABLE OR RELEVANT
AND APPROPRIATE REQUIREMENTS ("ARARS"

4.1 INTRODUCTION

The Consent Decree requires that the final (100%) design
submittal include the final analysis and supporting
documentation of the conformance of the design with the
identified Applicable or Relevant and Appropriate
Requirements ("ARARs"), as well as the response to comments
on the draft final (95% Design) submittal ("95% Design
Comments") (Appendix I, Remedial Design/Action Plan
("RD/AP"), p. 18). This submittal contains the final
analysis of the compliance of the design with identified
ARARs and a summary response to the 95% Design Comments. A
more detailed response to the 95% Design Comments was
included in the November 1, 1991, "95% Design Report--
Response to Comments," (Golder et al, 1991a) Section 4 of

which is incorporated herein by reference.

This analysis will reiterate the ARARs ©previously
identified, indicate those sections of the design which are
affected by the ARARs identified, and discuss how the final
design conforms to the identified ARARs. Three types of
ARARs will be discussed: chemical-specific requirements,
action-specific requirements and location-specific
requirements. Chemical-specific requirements are tr:-gered
by the presence or emission of a chemical substance; - 'tion-
specific requirements are triggered by a particular remedial
action; and location-specific requirements are triggered by
a vulnerable or protected location.
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The identification of ARARs involved a two-step process,
applied both to federal and to more stringent state
requirements. First, all potential ARARs were analyzed to
determine which are 1legally applicable. Applicable
requirements are "those cleanup standards, standards of
control, and other substantive requirements, criteria, or
limitations promulgated under federal environmental or state
environmental or facility siting laws that specifically
address a hazardous substance, pollutant, contaminant,
remedial action, location, or other circumstance found at a
CERCLA site." 40 C.F.R. § 300.5.

Second, requirements that are not 1legally applicable were
analyzed further to determine whether they are relevant and
appropriate. "Relevant and appropriate" requirements are
those that, while not legally applicable, "address problems
or situations sufficiently similar to those encountered at
the CERCLA Site that their use is well suited to the
particular site." 40 C.F.R. § 300.5. Eight factors are
addressed in determining whether a particular requirement is
relevant and appropriate (40 C.F.R. § 300.400 (g)(2)):

(1) The purpose of the requirement and the
purpose of the CERCLA action;

(ii) The medium regulated or affected by the
requirement and the medium contaminated or
affected at the CERCLA site;

(iii) The substances regulated by the requirement
and the substances found at the CERCLA site;

(iv) The actions or activities regulated by the
requirement and the remedial action
contemplated at the CERCLA site;

(v) Any variances, waivers, or exemptions of the

requirement and their availability for the
circumstances at the CERCLA site;
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(vi) The type of place regulated and the type of
place affected by the release or CERCLA
action;

(vii) The type and size of structure or facility

regulated and the type and size of structure
or facility affected by the release or
contemplated by the CERCLA action; and

(viii) Any consideration of use or potential use of
affected resources in the requirement and the
use or potential use of the affected resource
at the CERCLA site.

The format of this ARARs analysis corresponds to two
distinct remedial activities at the Site: 1) capping and
controlling collected gases from the East Hide Pile; and 2)
covering soils and removing and/or <covering sediments
containing arsenic, lead, or chromium at or above the
Consent Decree action 1levels to prevent physical contact
with them. For purposes of clarity, the remedy to prevent
contact with soils and sediments will be separated into a
soils section and a sediment section. The Consent Decree
also requires groundwater remediation. Design work for this
remediation step is ongoing and will be submitted in Part II
of this 100% Design Report at a later date, pursuant to an
agreed-upon extension.
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4.2 SITE OPERATIONS
4.2.1 Identified ARARSs

Site remedial activities are subject to the Occupational

Safety and Health Administration’s ("OSHA") hazardous waste
operations and emergency response standard for environmental
clean-up operations. 29 C.F.R. § 1910.120(a)~-(n) (1988).
OSHA’s hazardous waste operations standard specifies the
employee protection activities with which remedial response

action plans must comply. These activities are as follows:

-- Develop a safety and health program incorporating
all the elements of the standard. 29 C.F.R. §
1910.120 (b) (1988).

- Characterize the Site to identify Site hazards and
to aid in the selection of the appropriate
personal protective equipment. 29 C.F.R.
1910.120 (c) (1988).

- Develop a Site control program for preventing
contamination of employees. 29 C.F.R. §1910.120
(d) (1988).

-- All employees shall have a minimum 40 hours of
initial off-site instruction and three days of
directly supervised field experience before job
assignment. 29 C.F.R. § 1910.120 (e) (1988).

-- Establish a medical surveillance program for
affected employees. 29 C.F.R. § 1910.120 (f)
(1988) .

- Provide engineering controls, work practices and
personal protective equipment for employee
protection. 29 C.F.R. § 1910.120 (g) (1988).

-- Develop an air monitoring program to identify and
quantify airborne levels of hazardous substances
and health hazards in order to determine the
appropriate level of employee protection needed on
site. 29 C.F.R. § 1910.120 (h) (1988).

-— Develop and implement a Site safety and health
plan. 29 C.F.R. § 1910.120 (i) (1988).

- Handle drums and containers according to specified
procedures. 29 C.F.R. § 1910.120 (j) (1988).
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- Develop and implement a decontamination procedure.
29 C.F.R. § 1910.120 (k) (1988).

-- Develop an emergency response plan. 29 C.F.R. §
1910.120 (1) (1988).

- Illuminate work areas to specified brightness. 29
C.F.R. § 1910.120 (m) (1988).

- Provide adequate sanitation for Site employees.
29 C.F.R. § 1910.120 (n) (1988).

In response to the 95% Design Comments, it should be noted
that the foregoing citations are regulations in effect on
April 24, 1989, the date the Consent Decree for this site
was entered by the court. 1In addition, the Cited provisions
incorporate 29 C.F.R. § 1910.120(a)(2)(ii), which provides
that all requirements of 29 C.F.R. Parts 1910 and 1926 apply
to hazardous waste operations where these requirements are
more stringent than 29 C.F.R. § 1910.120.

4.2.2 Design Conformance With ARARs
The technical specifications for the remedial construction

contract, found in Section 01564 of Volume 6, require that
the remedial contractor comply with 29 C.F.R. § 1910.120
(1988). These specifications characterize site hazards to
enable the contractor to select appropriate personal
protective equipment and to prepare an adequate health and
safety plan for Site remedial activities. References are
also given to the remedial investigation documents that
further define and describe Site hazards.
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4.3 GROUNDWATER REMEDY

The design work for this remedy has been separated from the
general remedy and is ongoing and will be submitted in Part
ITI of this 100% Design Report at a later date, pursuant to
an agreed-upon extension.
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4.4 AIR REMEDY FOR THE EAST HIDE PILE

The ROD specifiess three remedial objectives for the East
Hide Pile: 1) eliminate the potential for direct contact
with heavy metal wastes; 2) stabilize the side slopes; and
3) eliminate the emission of obnoxious odor. ROD, p. 48.
To achieve these objectives, the remedial action consists of
stabilizing the side slopes, installing a gas collection
layer, capping with an impermeable synthetic membrane, and
controlling collected gaseous emissions. Each of these
activities will trigger the imposition of ARARs.

4.4.1 Chemical-Specific Requirements

4.4.1.1 Earth-Moving Operations
4.4.1.1.1 Identified ARARS

Earth-moving operations may generate dust or odor.

Massachusetts requires that no person may generate dust or
odor so as to create a nuisance, be injurious to human or
animal 1life, vegetation, or property, or unreasonably
interfere with comfortable enjoyment of life and property.
310 C.M.R. § 7.09(1) and 310 C.M.R. § 7.00 Definitions.

In response to the 95% Design Comments, it bears noting that
the National Ambient Air Quality Standards (NAAQS) relate to
the quality of the Commonwealth’s ambient air rather than to
actual Site emissions. Actual emission limits and specific
Site operational standards are set by state 1law and
regulations, which are embodied in the Massachusetts State
Implementation Plan ("SIP") approved by USEPA. The SIP is
designed to cause the Commonwealth’s air quality to attain
the NAAQS, and the relevant SIP-approved regulations for
earth moving operation are cited above.
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Relevant and appropriate Massachusetts rules for hazardous
waste Treatment Storage and Disposal (TSD) facilities
require taking appropriate measures to avoid the detection
off-Site of objectionable odors. 310 C.M.R. § 30.602(6).

4.4.1.1.2 Design Conformance With ARARS
Odor air gquality standards were set for Site operations in

the "Pre-Design Investigation Task A-1, Baseline Air Survey,
Interim Final Report" submitted to USEPA on May 14, 1991
("Baseline Air Survey"). Air quality standards for health-
based dust emission levels are set in Appendix 4-A to this
Report. Procedures for ensuring that area air quality is
maintained during earth-moving operations are described in
the technical specifications for the remedial construction
contract. Specification section numbers 01562 and 01563
require that contractors performing remedial action
activities must implement dust and odor control measures
when air monitoring results show that the specified air

quality standards are exceeded.

4.4.1.2 Emission Control Device
4.4.1.2.1 Identified ARARS
Odors from the East Hide Pile will be controlled with a

thermal oxidation flare. In response to the 95% Design
Comments, a discussion of the Agencies’ concerns related to
the choice of a thermal oxidation flare is included in
Chapter 16 of this report.

For odor emission control devices, the applicable emissions
ARAR 1is the Massachusetts odor prohibition explained in
section 4.4.1.1.1 above. In response to the 95% Design
Comments, it is noted that the odor air quality standard set
to comply with this ARAR was determined in the "Pre-Design
Investigation Task A-1, Baseline Air Survey, Interim Final
Report" (Golder, 1991b) submitted to USEPA on May 14, 1991.
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The point of compliance for this odor air quality standard
is the north fenceline, the closest Site boundary.

The gas collection system will also collect volatile organic
compounds ("VOCs"). The Record of Decision ("ROD") for the
Site states that the NAAQS are applicable to operations at
the Site. ROD, pp. 74, 76, and 80. These NAAQS levels
relate to the quality of the ambient air rather than to
actual Site emissions. They are applicable to the Site
insofar as they set standards for national air quality.
Actual emission 1limits and specific standards for Site
operations are set by state law and regulation, as embodied
in the Massachusetts SIP, approved by USEPA. The SIP is
designed to cause the Commonwealth’s air quality to attain
the NAAQS.

As part of 1its approved SIP regulations, Massachusetts
requires that Best Available Control Technology ("BACT") be
installed to control gaseous emissions from the hide pile.
In this case, BACT was determined in the ROD, which
specified the use of either a thermal oxidation unit or a

carbon adsorption system as the emission control technology.

4.4.1.2.2 Design Conformance With ARARs
Emissions from the gas collection system will be controlled

using a thermal oxidation flare which meets the ROD-
determined BACT standard.

Odor air quality standards were set for Site operations in
the Baseline Air Survey (Golder, 1991b). Air modeling
results (included as Appendix 4-B to this report) indicate
that flare emissions will not result in the emission of
odors greater than the odor threshold specified in the
Baseline Air Survey. In response to the 95% Design

Comments, the air dispersion modelling protocol, together
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with all input and output data, are presented and discussed
in Appendix 4-B.

4.4.2 Action-Specific Requirements

4.4.2.1 Construction of Impermeable Cap
4.4.2.1.1 Identified ARARS

The Remedial Design/Action Plan provides specifications for
the cap over the East Hide Pile. Relevant and appropriate
to the construction of that <cap is 40 C.F.R. §
264.303(a) (1), which requires monitoring and inspection
during cap construction to assure uniformity and lack of
damage and imperfections. Massachusetts has a similar
requirement. 310 C.M.R. § 30.624(1).

Relevant and appropriate to the maintenance of the cap are
the requirements to make repairs to the cap as necessary to
correct the effects of settling, subsidence, erosion, or

other events, and to conduct periodic inspections of the

run-off control system to prevent erosion. 40 C.F.R. §
264.310(b) (1) and (4) (mirrored in state regqulations, 310
C.M.R. § 30.633(2B)(a) and (e)). Maintenance of the

security system where necessary to prevent access to the
hide pile 1is also required under the relevant and
appropriate post-closure provisions in 40 C.F.R. §
264.117(b) (mirrored in state regulations, 310 C.M.R. §
30.514(1)).

4.4.2.1.2 Design Conformance With ARARS
The inspection procedures to be followed during impermeable

cap construction are found as part of the technical
specifications for the Remedial Construction Contract in
Sections 02242, 02595, 02597, 02598, and 02599 of Volume 6.
These procedures will ensure that all seams of the HDPE
cover are tight and that there are no holes, punctures or

blisters in the cover. The soil-based section of the cover
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will be inspected for imperfections, including lenses,
cracks, channels, root holes or other structural defects
that might cause an increase in the permeability of the
cover.

In response to the 95% Design Comments, it should be noted
that the quality assurance procedures and methods are
included with the technical specifications. Relevant
sections include: Backfill & Fill (Section 02223),
Impermeable and Permeable Cover Fill (Section 02242) and
Flexible Membrane Cover (Section 02597). Permeability of
the synthetic membrane material is controlled during the
manufacture of the material, and through on-site inspection.

The Operations and Maintenance Plan, Chapter 19, provides
that the impermeable cover will be inspected quarterly for
the first three years after the cover has been established
and annually thereafter. Items included in the inspection
are the integrity of the cap, vegetative cover, and drainage
structures. The Operations and Maintenance Plan describes
the measures taken to maintain the security system around
the East Hide Pile. The fence around the East Hide Pile
will be inspected monthly.

4.4.2.3 Gas Collection System
4.4.2.3.1 Identified ARARS
Massachusetts has a relevant and appropriate requirement of

long-term maintenance of gas <collection systems and
controls. 310 C.M.R. § 30.633(2B)(9). Maintenance is
required for 30 years, unless a shorter period is sufficient
to protect public health, safety, or welfare, or the
environment. 310 C.M.R. § 30.592B(2).
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4.4.2.3.2 Design Conformance With ARARS
Chapter 19 includes the maintenance plan for the hide pile

gas collection system and controls. The collection systenm
will be inspected monthly. The pneumatic nitrogen supply
system will be inspected at a minimum per the schedule

recommended by the manufacturer.

4.4.3 ILocation-Specific Standards
4.4.3.1 Identified ARARS

Under the Massachusetts Solid Waste Facilities Site
Regulations (310 C.M.R. § 16.00), control of the hide pile

gas emissions with a flare may be considered treatment of a
solid waste subject to site suitability criteria. 310
C.M.R. §§ 16.02 and 16.05. Although the procedural aspects
of this law do not apply, the following site suitability

criteria apply:

-- Do not locate within an Interim Wellhead
protection area, in Zone II of a potential public
drinking water supply, less than 500 feet
upgradient or 1less than 250 feet of a surface
drinking water supply, or within 250 feet of a
private drinking water supply. 310 C.M.R. §
16.40(3) (d)1-4;

- Locate where the maximum high groundwater table is
greater than two (2) feet from the ground surface.
310 C.M.R. § 16.40(3) (d)5;

-- Do not locate the facility within 250 feet of an
occupied dwelling, prison, health care facility or
school. 310 C.M.R. § 16.40(3)(4)6;

-- Provide a 100 foot buffer between the facility and
active farmland. 310 C.M.R. § 16.40(4) (a);

-~ Do not damage endangered species or significant
wildlife habitats. 310 C.M.R. § 16.40(4) (c);

- Do not locate in an area of Critical Environmental
Concern. 310 C.M.R. § 16.40(4) (4);
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- Anticipated emissions must meet state and federal
air quality standards. 310 C.M.R. § 16.40(4) (e);
and )

-- Do not operate to create a nuisance. 310 C.M.R. §
16.40(4) (£).

4.4.3.2 Design Conformance With ARARs
The hide pile gas treatment facility will be 1located

adjacent to and slightly east of the East Hide Pile as shown
on Sheet 15-1. This map shows that there is no current
development or active farmland within 250 feet of the
proposed location of the gas thermal oxidation unit. There
are no surface or groundwater public or private drinking
water supplies 1located within 500 feet of the unit.
Groundwater investigation of the Site has shown that
groundwater is 1located at least 3 feet under the ground
surface. The area has not been designated as an area of
Critical Environmental Concern. All air emissions will meet
ARAR standards and the thermal oxidation flare will be
shrouded so that it will not be a nuisance to surrounding
land uses. Although areas of the Site are included on the
Massachusetts National Heritage Program’s Estimated Habitat
Map for the Mystic Valley Amphipod, a Commonwealth-listed
Species of Concern, extensive sampling of the area has
determined that the Site does not support populations of the
Mystic Valley Amphipod and location of the thermal oxidation
flare on the Site will not, therefore, have an impact on
this species.

HUSCH & EPPENBERGER



April 1992

>
i

14 903-6400

4.5 REMEDY FOR SOILS

On-Site soils containing lead, arsenic or chromium at or
above the action levels established by the Consent Decree
are to be covered with permeable soils. Institutional
controls will be &established to ensure the 1lasting
effectiveness of this remedy. This section will discuss
ARARs conformance related to covering soils not located in
water bodies or wetlands; ARARs conformance regarding

sediments located in surface water bodies or wetlands are

discussed in the next section. ARARs pertain to three
aspects of soil covering activities: 1) design and
construction of soil cover; 2) air emissions from
construction activities; and 3) post-construction
activities.

4.5.1 Chemical-Specific Requirements

There are no chemical-specific ARARs related to covering
soils. As prescribed by the RD/AP, however, soil covering
will occur where soils contain metals at or above the
following levels: 300 parts per million ("ppm") arsenic, 600
ppm lead, and 1000 ppm chromium.

4.5.2 Action-Specific Requirements
4.5.2.1 Identified ARARS
The RD/AP specifies the cover design to be used at the Site,

and sets forth a specific procedure to be used to determine
an alternate cover design. RD/AP, pp. 3-4.

Earth-moving activities related to cover construction will
result in dust emissions. The Massachusetts requirement
that no person may generate dust or odor so as to create a
nuisance, be injurious to human or animal life, vegetation,
or property, or unreasonably interfere with comfortable

enjoyment of 1life and property 1is applicable to these
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emissions. 310 C.M.R. § 7.09(1) and 310 C.M.R. § 7.00
Definitions.

Because so0il containing metals at or above the action levels
will remain on-Site after remedial activities are completed,
further efforts will be undertaken to ensure the integrity
of the remedy. The following standards are relevant and
appropriate to such post-construction activities. The
language of these provisions relates to hazardous waste.
Because the wastes remaining on Site are not hazardous
wastes, the use of the term hazardous waste in these
regulations is inappropriate. The provisions listed below
are appropriate for use where the soils contain metals at or
above the action levels specified in the RD/AP.

-- Security requirements of 40 C.F.R. § 264.14(a) and
310 C.M.R. § 30.514(1) can be continued where
hazardous wastes remain exposed or where access by
the public or domestic livestock may pose a hazard
to human health. 40 C.F.R. § 117(b) and 310
C.M.R. § 30.592B(4).

- Post-closure wuse of the property upon which
hazardous wastes remain must not be allowed to
disturb the integrity of the final cover, or the
function of the monitoring facilities unless the
disturbance is necessary to the property use and
will not increase potential harm to human health
or environment or unless the disturbance is
necessary to reduce a threat to human health or
the environment. 40 C.F.R. § 264.117(c) and 310
C.M.R. § 30.592B(5).

- Record a notation to the deed of the property that
will in perpetuity notify any potential purchaser
of Site property that the land contains hazardous
waste and its use is restricted. The type and
amount of hazardous waste on the property must
also be recorded. 40 C.F.R. § 264.119(b) (1) and
310 C.M.R. § 30.594(1).

-- Prior approval from USEPA and MDEP is needed
before hazardous wastes may be removed from the
property. 40 C.F.R. § 264.119(c) and 310 C.M.R. §
30.595.
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-- The cover must be maintained and repairs made as
necessary. 40 C.F.R. § 264.310(b) (1) and 310
C.M.R. § 30.633(2B) (a).

- Run-on and run-off should be prevented from
damaging the final cover. 40 C.F.R. § 264.310
(b) (4) and 310 C.M.R. § 30.633(2B) (e).

- Surveyed benchmarks should be protected and
maintained. 40 C.F.R. § 264.310(b)(5) and 310
C.M.R. § 30.633(2B) (h).

-- A post-closure cost estimate must be prepared
giving the annual cost of post-closure monitoring
and facility maintenance. 40 C.F.R. § 264.144(a)
and 310 C.M.R. § 30.905(1).

-- A financial assurance mechanism must be provided
for the costs of post-closure care. 40 C.F.R. §
264.145 and 310 C.M.R. § 30.906.

4.5.2.2 Design Conformance With ARARs
Cover design: The cover design specified in Chapter 11 of

this report conforms to the alternate cover design that was
authorized by the RD/AP and specifically approved by the
USEPA (letter to Industri-Plex Site Remedial Trust dated
September 1, 1989).

Cover construction: A health-based air quality standard for
dust emissions generated during cover construction to
conform to the applicable Massachusetts prohibition on the
emission of dust that is injurious to human or animal life
is set out in Appendix 4-A. Section 01562 of Volume 6
contains those specifications for the construction contract
which require the contractor to comply with the developed
standard. These specifications require the imposition of
dust control measures if air monitoring results show that
dust emissions during Site remediation activities exceed the
health based dust emission standard. Similarly, Section
01563 of Volume 6 contains the remedial action contract

specifications which require that odor control measures be
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implemented if the odor air quality standard specified in

the Baseline Air Survey is exceeded.

Post-construction: The ARARs identified with respect to
post-construction aspects of the soils remedy are achieved
by: (1) the Institutional Controls including the Restrictive
Document included therein; and (2) the Operations and
Maintenance ("O&M") Plan submitted as Chapter 19 of this
report. Revisions to the Institutional Controls and the
Restrictive Document are ongoing and will be submitted at a
later date, pursuant to an agreed-upon extension. The O&M
Plan addresses cover maintenance and repair, monitoring of
drainage structures to prevent run-on and run-off from
damaging the final cover, a post-closure cost estimate, and
a financial assurance mechanism.

4.5.3 Tocation-Specific Requirements

The location-specific ARARs are those related to activities
in surface water or wetlands, as detailed in the next
section.
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4.6 REMEDY FOR SEDIMENTS

Sediments containing metals at or above the action levels
specified in the RD/AP will be dredged from Site surface
waters or covered with culverts, or fill material. Some of
the sediments containing metals at or above the action
levels are in wetland areas, others are in the streams on
the Site. ARARs are triggered both by dredging and
excavation activities and by the discharge of fill material
into the water body. For ARARs purposes, placing culverts
is treated the same as the discharge of fill material.

4.6.1 Introduction
4.6.1.1 Definitions Relevant to the Application of ARARs
The applicability of potential ARARs depends on whether Site

surface water bodies meet particular regulatory definitions.
If Site surface water bodies do not fit the regulatory
definition, then the potential ARAR will not be applicable,
and further analysis will be needed to determine if the

requirement is relevant and appropriate.

Massachusetts regulates activities in rivers or streams for
which public funds have been expended for stream clearance,
channel improvement, or flood control. M.G.L. c. 91 s. 12A.
Insofar as on-Site streams and rivers meet this criterion,
the substantive waterway requirements described below apply

to activities in these streams and rivers.

Federal and state definitions of wetlands differ. Where a
federal wetland ARAR is identified, that ARAR will pertain
to specified activities in wetlands as defined in federal
law. Executive Order 11990 § 7(c), 40 C.F.R. Part &,
Appendix A § 4(j), 33 C.F.R. § 328.3(b), 40 C.F.R. §
230.3(t). Where state wetland ARARs are identified, they
will pertain to specified activities in areas subject to the
Commonwealth’s wetlands law. M.G.L. c. 131 s. 40. The
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Commonwealth further defines and delineates inland wetlands
into four categories: 1) land under water bodies; 2) banks;
3) bordering vegetative wetlands; and 4) land subject to
flooding. 310 C.M.R. § 10.00, Part III. Each wetland
category 1is treated differently because each category is
presumed to perform different functions.

4,6.1.2 Site Water Bodies Meeting Specified Definitions
The "Floodplain and Wetlands Assessment" for the Industri-

Plex Site prepared in July 1986 by Wetland Management
Specialists, Inc. ("Wetlands Assessment") delineated several
on-Site wetlands. Each wetland is further delineated by
Commonwealth category in Table 14-1 of this report. The
functional values of those wetlands requiring sediment
remediation have been assessed as discussed in Chapter 14 of
this report. The identified wetlands subject to sediment
remediation or restoration to mitigate losses of wetland

functions elsewhere on-Site are as follows:

Wetland 1¢C Man-made pond situated between the East
and West Hide Piles at the northern end
of the Site and consisting of mostly
open water with a vegetated fringe.

Wetland 2A Channelized tributary of the Aberjona
River which flows southeast from Wetland
1C.

Wetland 2B Channelized section of the Aberjona
River with steep, heavily vegetated
banks.

Wetland 32 Northern branch of the Aberjona River
and adjacent forested and vegetated
areas.

Wetland 7A & B Man-made lagoons designated as shallow,
freshwater marshes.

Wetland 7C Stormwater runoff channel, heavily
vegetated.
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Wetland 8 Small emergent wetland with seasonal
standing water.

Channelized Two other on-Site streams will require
Streams remediation. The New Boston Street
Drainway 1is a perennial stream. The

tributary channel just to the west of
the New Boston Street Drainway is also a
perennial stream with vegetated banks.

4.6.2 Chemical-Specific Requirements

4.6.2.1 Water Quality Standards
4.6.2.1.1 Identified ARARS

Several different federal and state ARARs point to the
application of Massachusetts Water Quality Standards to

sediment remedial activities at the Site.

Both federal and Commonwealth law require the maintenance of
Commonwealth water quality standards as a prerequisite to
the discharge of fill into a water body. Under the federal
Clean Water Act ("CWA"), discharge of a pollutant into the
waters of the U.S. is regulated. CWA § 301(a). Under CWA §
404, the Army Corps of Engineers is the regulating authority
for the discharge of fill material into a water body, but
CWA § 404(b) (1) requires that the Corps apply substantive
guidelines developed by USEPA. 40 C.F.R. Part 230. The
guidelines require that no discharge may cause or
contribute, after consideration of disposal Site dilution
and dispersion, to violations of any applicable state water
quality standard. 40 C.F.R. § 230.10(b) (1).

Commonwealth 1law also regulates the discharge of any
pollutant into the waters of the state. M.G.L. c. 21 s. 43.
Discharges subject to federal regulation under CWA § 404 are
exempt from state discharge permit rules, but the activity
is regulated either under the state waterways or wetlands
provisions. 314 C.M.R. § 9.01(2) (c). For dredging and

excavation activities in a river, stream, or wetland, a
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water quality certificate must be issued to certify whether
a proposed project will ensure the maintenance or attainment
of the Massachusetts Water Quality Standards. 314 C.M.R. §
9.04 (1). .

Massachusetts has classified Site surface waters as "Class B
Inland Waters." 314 C.M.R. § 4.05, Table 18. The
applicable water quality standards for water bodies of this
class are described in 314 C.M.R. § 4.03 (4). Water quality
at the Industri-Plex Site will be evaluated according to the
narrative water quality criteria for the parameter, "Other
constituents":

Waters shall be free from pollutants in concentrations
or combinations that:

(a) Exceed the recommended limits on the most
sensitive receiving water use;

(b) Injure, are toxic to, or produce adverse
physiological or behavioral responses in humans or
aquatic life; or

(c) Exceed Site-specific safe exposure levels
determined by bio-assay using sensitive species.

314 C.M.R. § 4.03 (4)A.7. Massachusetts uses USEPA water
qguality criteria established pursuant to CWA § 304 (a)(1l) as
guidance to determine compliance with the narrative water
quality criteria. 314 C.M.R. §§ 4.03 (2) and 3.10
(2) (b) (3). The pertinent water quality criteria are those
set for protection against adverse effects on aquatic life
(both acute and chronic) and for protection of human life
from the adverse properties of the pollutant from ingesting
aquatic organisms. These water quality criteria pertain to
the water body as a whole, they do not set Site-specific
limits.
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4.6.2.1.2 Design Conformance With ARARS

Fill activity (including the placement of concrete culverts)
will occur in each of the above described wetlands. The
purpose of the fill activity is to cover sediments in the
wetlands to minimize direct contact with metal containing
sediments and to prevent downstream transport of the
sediments. The fill activity itself is conducted to improve
and protect water quality. Since the remedy will prevent
contact with metal-containing sediments, the fill activity

will ensure on-Site sediments will not impact water quality.

Measures taken to ensure maintenance of water quality during
filling are described in Section 02125 of the technical

specifications provided in Volume 6 of this report.

4.6.2.2 Chemical Components of Fill Material
4.6.2.2.1 Identified ARARS

Federal 1law prohibits the discharge of dredged or fill

material which will cause or contribute to significant
degradation of the receiving water body. 40 C.F.R. §
230.10(c). Findings of "significant degradation" are based
upon factual determinations concerning, among other things,
the chemical and biological <constituents of the fill
material. 40 C.F.R. § 230.11 and 230.60. Evaluation and
testing of fill material to determine chemical and
biological constituents 1is not required, however, where a
preliminary evaluation of the fill extraction site indicates
the fill material is not a carrier of contaminants. 40
C.F.R § 230.60(b).

4.6.2.2.2 Design Conformance With ARARs
Fill material consists of c¢lean soil, or culverts for

remediation of sediments in parts of on-Site streams.
Testing of the clean soil, or culverts will not be required
under the provisions of 40 C.F.R. § 230.60(b). Culverts are
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normally sufficiently removed from sources of pollution to
provide reasonable assurance that they are not carriers of
contaminants. Specifications for the fill material found in
Sections 02271 and 02937 of Volume 6 also insure that the
source of the fill material will be sufficiently removed
from sources of pollution to provide reasonable assurance

that it is not a carrier of contaminants.

4.6.3 Action-Specific Requirements

4.6.3.1 Wetlands Protection Requirements

4.6.3.1.1 TIdentified ARARS

The RD/AP requires that wetlands be restored consistent with
40 C.F.R. Part 6, Appendix A, § 6(a)(5). RD/AP, p. 7.
USEPA guidelines to comply with Executive Order 11990 are
set forth in 40 C.F.R. Part 6, Appendix A. The relevant and
appropriate guidelines require that where there 1is no

practical alternative to altering a wetland (or floodplain),
the USEPA must act to restore and preserve the natural and
beneficial value of the wetland (or floodplain). 40 C.F.R.
Part 6, Appendix A, § 6(a)(5).

The Massachusetts Wetlands Protection Act regulates the
removal, dredging, filling, or altering of a wetland, or
other water body as defined in the Act. M.G.L. c. 131 s.
40. This law and the substantive wetlands standards found
in 310 C.M.R. § 10.00 are applicable to both excavation and
fill activities at the Site where Site conditions meet the
regulatory definition of covered water bodies. As stated
earlier, covered water bodies are further broken down into
four categories, lands under water bodies, banks, bordering
vegetated wetlands, and lands subject to flooding. Each
category is presumed to perform certain functions. Unless
the presumption is rebutted, activities in each wetland area
must be designed to preserve the presumed functions. Where
a wetland does not ©provide a certain function, the
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presumption is rebutted and activities in the wetland may

proceed without regard to that function.

Where the functions cannot be preserved by the activities in
the wetland, a variance may be granted where (1) there are
no reasonable conditions or alternatives that would allow
the project to proceed in compliance with the regulation(s);
(2) mitigating measures are proposed that will allow the
project to be conditioned so as to contribute to the
protection of the interests identified in the Commonwealth’s
Wetlands Protection Act; and (3) the variance 1is necessary
to accommodate an overriding community, regional, state or
national public interest. 310 C.M.R. § 10.58.

4.6.3.1.2 Design Conformance With ARARs
A wetlands function assessment has been performed on those

wetlands subject to remediation or restoration to determine
the beneficial values of each Site wetland where sediments
require remediation or the wetland will be restored to
mitigate losses of wetland functions elsewhere on-Site. The
results of this assessment are included in Chapter 14 and

are summarized here as follows:

Wetland 1C Moderate rating for biological-wildlife,
hydrologic support, floodwater storage,
shoreline protection and water quality
maintenance values. All other values
low.

Wetland 22&7C Low values for all wetland functions.

Wetland 2B Low values for all wetland functions.

Wetland 3A High ratings for biological function,
shoreline protection and water quality
protection. Moderate ratings for
hydrologic support, groundwater
recharge, and educational value. Other

values low.
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Wetland 7A, 7B Moderate rating for groundwater recharge
and water quality maintenance values.
All other values low.

Wetland 8 Moderate rating for hydrologic support
and water quality maintenance. All
other values low.

Channelized Low values for all wetland functions.

Streams

This wetlands function assessment accomplishes two purposes.
First, the assessment describes the beneficial values of
each wetland which must be restored or preserved by the
remediation, as required by 40 C.F.R. Part 6, Appendix A, §
6(a)(5). Chapter 14 describes how these beneficial values
will be restored, preserved, and, in some cases, enhanced by
the remedial action.

Second, the assessment provides the information needed to
determine whether Site wetlands ©provide the functions
presumed under the Massachusetts wetlands regulations. For
each wetland value described as "low" in the wetlands
assessment, the Commonwealth function presumption is
rebutted. Only those functions which are not rebutted by
the assessment are subject to further analysis to determine
whether the remedial design will meet the performance

standard for the remaining values.

A discussion of how the remedial design will meet the
performance standard for the remaining values is contained
in Section 14.5.3 of this report. The remedial design has
been planned to minimize the effects of the remedial action
(required by the ROD) upon the wetlands functions determined
by the assessment. 1In addition, a compensatory wetland area
and wetland restoration area will be constructed to
compensate for those functions which could not be preserved

within the ROD-required remedial action goals.
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The remedial design meets Commonwealth wetlands ARARs. Even
where some beneficial functions of a particular wetland area
must be altered to meet the ROD-required remedial action
goals, this alteration meets the standards for a variance
from the wetland requirements. First, for the project to
proceed, some wetland areas must be altered. The ROD
determined that there is no practical remedial alternative
that would not impact wetlands (ROD, p. 73). The design has
minimized, where possible, impacts on the beneficial values
of Site wetlands. Second, mitigating measures are
incorporated into the remedial design to fully compensate
for all wetland functions altered by the remedy (see Chapter
14). Third, a variance from the wetlands requirements is
necessary to accommodate the overriding public interest to
protect human health and the environment by remediating the
Site.

The remedial activities will also not alter the habitat of a
Massachusetts Species of Special Concern as defined in 321
C.M.R. § 8.01. Certain areas of the Site are included in
the Massachusetts Natural Heritage Program’s Estimated
Habitat Map for the Mystic Valley Amphipod (Crangonyx
aberrans), a Commonwealth Species of Special Concern.
Further investigation has determined, however, that the
resource areas subject to Site remediation do not support
populations of the Mystic Valley Amphipod (see, Appendix 14-
B). The results of this investigation rebut the presumption
in 310 C.M.R. § 10.59 that the mapped area is the habitat of
a Commonwealth-listed species and, therefore, the remedial
activities at the Site will have no short or 1long term

impacts upon a Commonwealth-listed species or its habitat.
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4.6.3.2 Discharge of Fill Material
4.6.3.2.1 Identified ARARS

USEPA’s substantive guidelines for the placement of fill
prohibit such placement where the £fill will cause or
contribute to significant degradation of the waters of the
United States. 40 C.F.R. § 230.10(c). Such degradation
includes reduction of the capacity of a wetland to
assimilate nutrients, purify water, or reduce wave energy
40 C.F.R. § 230.10(c)(3).

4.6.3.2.2 Design Conformance With ARARs

The ability of each Site wetland to aid in the maintenance
of water quality was assessed as part of the wetland
function analysis presented in Chapter 14. Where a Site
wetland had such function, the design has compensated for
the diminution of that function as described in Sections
14.5 and 14.6
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DETERMINATION OF DUST (PM10) STANDARD



(o) M10 ANDARD

SUMMARY
This risk assessment determines a PM10 standard for the Site. The standard
reviews health based criteria in calculating the most restrictive standard
with a total risk value of 10-5, The risk assessment is separated into the
following sections:

I. Baseline PM10, Baseline Metal, and Contemporaneous (During Remedial
Activities) Metal Concentrations.

II. PM10 Standard Based Solely on Carcinogenic Metals.

III. PM10 Standard Based Solely on Lead.

IV. PM10 Standard Based Solely on Chromium (III)

v. PM10 Standard Based on the Health Effects of Solely PM1O.

VI. Most Restrictive PM10 Standard.

As shown in Section VI, the most restrictive PM10 standard is based on lead.
An annual average PM10 standard of 150 ug/m3 and a 24-hour PM10 standard of
450 pg/m3 ensures that the total risk due to carcinogens does not exceed 10-5
and that the reference air concentration for lead is not exceeded.

e Base e Metal and Contemporaneous Metal Concentrations:
The USEPA reports the annual PM10 range1 for the Boston area as 26-36 ug/m3.

Conservatively, 36 ug/m3 shall be used for the annual PM10 baseline for the
Site.

Metals of concern for the Site are arsenic, chromium and 1lead. The
carcinogens, arsenic and chromium, are normally not found in airborne
particulates. Therefore, the baseline concentrations of the carcinogens in
the particulates are assumed to be zero. Lead, on the other hand, has been
periodically found in airborne particulates in/near cities such as Boston.

1USEPA, 1990: 1989 Annual Repo A uality in New England, Region I, New
England Regional Laboratory, Lexington, MA, July.
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However, baseline concentrations of lead in the particulates are not relevant
to this assessment, as shown in Section III.

Contemporaneous metal concentrations are levels of metals in the airborne
particulates caused by/during the remedial activities. Soil sampling results
from the PDI and RI/FS yielded average concentrations? for arsenic, chromium
and lead at 107 ppm, 165 ppm and 608 ppm, respectively. It is conservatively
assumed that these concentrations represent potential contemporaneous
concentrations in the airborne particulates.

It is expected that the remedial activities will be complete within three
years.

S dard sed Solel a nogenic Metals
This section determines a PM10 standard based solely on arsenic and chromium.
In formulating the equations to calculate this standard, the following
variables were used:

PM-24hour (pg/m3)
PM10 (ug/m3)

24-hour PM10 standard for site during remediation;
Annual average PM10 standard for site during

remediation;

PM10,As (ug/m3) = Annual average PM10 based solely on arsenic
concentration;

PM10,Cr (ug/m3) = Annual average PM10 based solely on chromium (VI)
concentration;

Conc,As (fraction) = Arsenic concentration in PM10 particulates during
remediation;

Conc,Cr (fraction) = Chromium concentration in PM10 particulates during
remediation;

PMbase (ug/m3) - Baseline annual average PM10 concentration;

Cbase,As (fraction) = Baseline arsenic concentration in PM10 particulates;
and,

Cbase,Cr (fraction) = Baseline chromium concentration in PM10
particulates.

2Average concentrations calculated using 90th percentile metal results from
the PDI and RI/FS. Non-detect samples were not considered. One-fifth of
excavated soil is assumed from utility corridors (one-third up to 120 inches
in depth and two-thirds up to 6 inches in depth) and four-fifths from other
areas of the Site with background concentrations of metals.
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The USEPA uses slope factors for carcinogens in order to estimate excess risk
associated with a particular 1level. The USEPA has recently issued
regulations which establish allowable levels at a 1079 risk level for a
lifetime exposure (70 years) from the "Burning of Hazardous Waste in Boiler
and Industrial Furnaces" (BIF) rule. For arsenic and chromium (VI) these
levels, or risk specific doses (RsDs)3, are 2.3 x 10-3 ug/m3 and 8.3 x 1074
ug/m3, respectively.

The following equations establish a 70-year average relationship using the
above RsDs (1.0E-05 risk factor) for arsenic and chromium (VI). As stated on
page 13 of the ROD, chromium (VI) has not been detected at the Site.
However, in this risk assessment, it is conservatively assumed that one-sixth
of the chromium is hexavalent. The equations take into account for 67 years
of baseline with the 3 years of remedial activities to calculate the total
risks associated with each carcinogen for a 70 year lifetime exposure.

((67yrs) (PMbase) (Cbase,As) )+[ (3yrs) (PM10,As) (Conc,As) ]
70 years

= 2.3xXE-3 ug/m3

(1)
{(67yrs) (PMbase) (1/6) (Cbase,Cr)] + [(3yrs) (PM10,Cr) (1/6) (Conc,Cr) ]
70 years

= 8.3xE-04 ug/m3

Solving for PM10,As and PM10,Cr below:

PM10,As = 0.0537 -~ (22.33) (PMbase) (Cbase, As)
(Conc,Ar)

PM10,Cr = 0.1162 - (3.72) (PMbase) (Cbase,Cr) (2)
(Conc,Cr)

Assuming risk levels for carcinogens to be additive, the following equation
calculates the annual PM10 standard (PM10) based on a total risk of
1.0E-05:

PM10 PM10
1.0E-05 x m + 1.0E-05 x m = 1.0E-05 (3)
Reducing Equatiocn 3:
3Taken from 54 Federal Register 7232, February 21, 1991.
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PM10 + PM10 _ _ , (4)
PM10,As PM10,Cr

Equation 4 is further reduced below to solve for PM10:

1 = [(PM10,As)+(PM10,Cr) ]x(PM10)

(PM10,As) x(PM10,Cr)

1 - PM10,Cr + PM10,As

(PM10) (PM10,Cr) x(PM10,AsS) (PM10,Cr) x (PM10,As)
1 - 1 1 (5)
(PM10) (PM10, As) (PM10,Cr)
Inserting results from Equation 2 for (PM10,As) and (PM10,Cr) into Equation
5, yields:
1 = Conc, As + Conc,Cr (6)

PM10 0.0537-(22.3) (PMbase) (Cbase, As)

0.1162-(3.72) (PMbase) (CBase, Cr)

The 24-hour PM10 standard (PM10-24 hour) is calculated using the annual PM10

standard, calculated above, and the ratio of NAAQS's 24-hour (150 ug/m3) to
annual (50 ug/m3) standards, as shown below:

[(150 ug/m3) /(50 pg/m3))x(PM10, ug/m3) = PM10-24hour (7)

As stated on page 13 of the ROD, metal deposits on the Site are not currently
being entrained in the air and therefore,

there are no baseline off-Site
impacts. Consequently,

using the USEPA annual PM10 baseline of 36 pg/m3,

baseline arsenic and chromium concentrations of 0 ppm, and contemporaneous
arsenic and chromium concentrations of 107 ppm and 165 ppn,

respectively,
(see Section I), Equation 6 is reduced as follows:

1 = .000107 + .000165
PM10 0.0537 0.1162

PM10 = 293 ug/m3
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The 24-hour average is calculated using the annual PM10 standard, calculated
above, and the ratio of NAAQS's 24-hour to annual standards, as shown below
using Equation 7:

((150 ug/m3)/(50 pg/m3)1x(95 pg/m3) = 879 ug/m3

Based solely on the carcinogenic metals, the annual average PM10 standard for
the site is 293 ug/m3 and the 24-hour PM10 standard for the Site is 879
pa/m3.

III. PM10 Standard Based Solely on Lead;
In the BIF rule, reference air concentrations (RACs)4 were used by the USEPA
to estimate the levels below which would pose negligable health risk for non-
carcinogens. The RAC for lead is 9.1 x 10-2 ug/m3. The annual PM10 standard
based solely on lead, therefore, is determined using the following equation:
(PM10) %(conc,Pb) = 9.1 x 10~2 ug/m3 (8)
Solving for the annual PM10 standard (PM10):
(9.1 x 102 ug/m3)/(Conc,Pb) = PM10 (9)
As shown in Section I, the contemporaneous lead concentration in the airborne

particulates is assumed to be 608 ppm. Therefore, the annual PM10 standard
based solely on lead is:

(9.1 x 102 ug/m3)/(.000165) = 150 ug/m3. (10)

The 24-hour average is calculated using the annual PM10 standard, calculated
above, and the ratio of NAAQS's 24~-hour to annual standards, as shown below:

[{(150 ug/m3)/(50 pug/m3)1x(150 pug/m3) = 450 ug/m3.

4Taken from 54 Federal Register 7232 through 7233, February 21, 1991.
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The annual average PM10 standard based solely on lead is 150 ug/m3 and the
24-hour PM10 standard based solely on lead is 450 ug/m3.

v a e ch u H

In the BIF rule, RACs were used by the USEPA to estimate levels below which
would pose negligible health risk for non-carcinogens. Chromium III is a
non-carcinogen. The RAC for chromium (III) is 1,000 ug/m3. The annual PM10
standard based solely on chromium (III), therefore, is determined using the
following equation:

(FPM10)x(conc,Cr) = 1,000 ug/m3 (11)
Solving for the annual PM10 standard (PM10O):

(1,000 pg/m3)/(Conc,Cr) = PM1O (12)
As shown in Section I, the contemporaneous chromium concentration in the

airborne particulates is assumed to be 165 ppm. Therefore, the annual PM10
standard based solely on lead is:

(1,000 ug/m3)/(.000165) = 6.1 x 108 pug/m3. (13)

The 24-hour average is calculated using the annual PM10 standard, calculated
above, and the ratio of NAAQS's 24-hour to annual standards, as shown below:

[(150 pg/m3)/(50 ug/m3)]x(6.1 x 106 ug/m3) = 1.8 x 107 ug/m3.

The annual average PM10 standard based solely on chromium (III) is 6.1 X 108
ug/m3 and the 24~hour PM10 standard based solely on chromium (III) is 1.8 X

107 ug/m3.
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M Standard Based on the Hea Effects o ole M10:
Lippmann® reports data which suggest an annual average be within 50 to 65
gg/m3 based on the health effects of PM10 alone. Again, this is based on a
lifetime, 70-year duration. It is necessary, therefore, to ensure that the
70-year PM10 average does not exceed 50 ug/m3. The 70-year average is
computed below:

[(67 ygars)x(PMbass)] + [(3 years)x(PM10)] _ 50 ug/m3 (14)
0 years
Solving for PM10:
PM10 = 1166.7 -~ 22.33x(PMbase) (15)

Using the baseline annual PM10 average of 36 ug/m3, as shown in Section I,
the annual PM10 standard would be:

PM10 1166.7 - 22.33x(36 ug/m3)

= 363 udg/m3

The 24-hour average is calculated using the annual PM10 standard, calculated
above, and the ratio of NAAQS's 24-hour to annual standards, as shown below:

[(150 ug/m3) /(50 pg/m3)]x (363 ug/m3) = 1089 3

The 24-hour PM10 standard based on the health effects of solely PM10 is 1089
pg/m3, and the annual average PM10 standard based on the health effects of

solely PM10 is 363 ug/m3.

v os es ve dard:

As shown in Sections I through V, the most restrictive PM10 standard is based
on lead. An annual average PM10 standard of 150 ug/m3 and a 24-hour PM10
standard of 450 ug/m3 ensures that the total risk due to carcinogens does not

exceed 105 and that the reference air concentration for lead is not
exceeded.

5Lippmann, Morton, 1989: alth Bene rom Controlling Exposure to
Criteria Air Pollutants, Institute of Environmental Medicine, New York

University Medical Center.
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APPENDIX 4-B

AIR DISPERSION MODELLING

STACK EMISSIONS FROM
PROPOSED ENCLOSED FLARE SYSTEM
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This section documents the air dispersion modelling of a proposed stack
emission from an enclosed flare system to be located at the Industri-Plex Site
in Woburn, Massachusetts. The air dispersion modelling was performed to
determine if the "maximum impact®" of hydrogen sulfide (H2S) concentrations on
the areas arocund the proposed flare site would meet the one-hour odor air
quality standard of 40 ppb.

The study utilized two USEPA developed air dispersion models. The Industrial
Source Complex Short Term ("ISCST") model was used to determine the
approximate locations of the "maximum impact” assuming a flat terrain. The
ISCST results showed the highest impacts at the 100 meter distances from the
flare site.

USEPA’s Multiple Point Guassian Dispersion Algorithm with Optional Terrain
Adjustment (MPTER), commonly referred to as "Coamplex I", modelled a tighter
grid of the higher impacted areas using terrain adjustments. Complex I
modelled receptors within 100 meter distances to determine the "maximum
impact™ location and concentration.

Section 3.0 illustrates the calculations used to estimate the H28 emission
rate from the flare (with a 95% DRE) at 0.00005 g/sec. However, the Complex I
model will not accept input below 0.01 g/sec for stack emissions. Therefore,
a generic emission rate of 0.01 g/sec was modelled for both the ISCST and
Complex I models. Accordingly, the results of the "generic” modelling are
adjusted in Section 3.0 to represent the calculated H2S emission rate. (The
results of the "generic” modelling for both the ISCST and Complex I models are
shown in Table 1.)

Tables 2 and 3 list all receptor locations for both models, including grid,
fence-line and "nearest neighbor™ locations. Table 3 also lists the terrain
data of each receptor for the Complex I modelling. A total of 257 receptor
locations were modelled to locate/calculate the "maximum impact® and "maximum
nearest neighbor impact".

Data from metecorclogical stations in Boston, KS (surface station) and
Portland, ME (upper station) were used to represent wind velocities, wind
directions and mixing heights at the site. A five year study was completed
using meteorological data from the years of 1970 through 1974. This data was
the closest available metecrological data that included all necessary
parameters to run the USEPA models. Data from closer meteorological stations
are available but lack necessary parameters (i.e., mixing heights) and fall
short of the 908 criteria of valid data for key parameters. Using the five
year study incorporates 43,824 one-hour data minimizing the relative distances
of the meteorological stations to the site.
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The maximum impact caused by K28 emissions from the flare, as shown in Bection
3.0, is 0.06 ppb. This maximum impact is over 100 times below hydrogen
sulfide’'s odor threshold value (OTV) of 8 ppb and 500 times below the
objectionable odor thresbold of 40 ppb. Tberefore, the inlet/outlet E28 flow
could vary (increase) up to 500-fold before the maximum impact exceeds the
odor air quality standard established for the site.

The “maximum nearest neighbor impact" is 0.007 ppb. Nence, the maximum
nearest neighbor impact caused by K28 emissions from the flare is over 1000
times below the OTV of 8 ppb and 5000 times below objectionable odor
threshold. Therefore, the inlet/outlet X28 flow could vary (increase) up to
5000-fold before the maximum nearest neighbor impact exceeds the odor air
quality standard established for the site.

If the entire H2S flow to the flare is discharged with po thermal destruction,
the maximum impact is calculated to be 1.3 ppb. In other words, the maximum
impact for flare emissions during a burnout episode (if blower failed to shut
off) would still be below both the OTV and objectionable odor threshold. The
maximum nearest neighbor impact during a flare burnout is calculated to be
0.14 ppb; 57 times below the OTV and 285 times below the objectionable odor
threshold.

In conclusion, emissions froam the flare will not cause K28 concentrations to
exceed the one-hour odor air quality standard of 40 ppb.
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Table 1: Maximum Impacts (Generic)
Using generic H2S stack emissions of 0.01 g/sec

ISCST MODELLING, ug/m3

' Meteorological Data
Receptors | 1970 | 1971 | 1972 | 1973 | 1974 | Maximum

Fence-line | 5.973 | 6.428 | 5.979 | 5949 | 5925 | 6.428
Neighbor | 1.472 | 1.900 | 1.634 | 1.666 | 1.420 | _ 1.900
Grid (1) 6.218 | 6.176 | 6.202 | 8.332 | 7.267 | _ 8.332

Highest | 6.218 | 6.428 | 6.202 | 8.332 | 7.267 | _ 8.332

COMPLEX | MODELLING, ug/m3
- Meteorological Data

Receptors 1970 1971 1972 1973 1974 | Maximum
Fenceline | 13.62 | 10.73 | 13.57 | 17.19 | 11.98 | 17.18
Grid (2) 14.17 | 10.24 | 16.13 | 17.76 | 10.90 | _ 17.76
Highest | 14.17 | 10.73 | 1613 | 17.76 | 11.98 | 17.76

Maximum Impact (Generic) is 17.76 ug/m3
Maximum Nearest Neighbor Impact (Generic) is 1.90 ug/m3

NOTES:
(1) ISCST grid receptors were placed at 25m, 50m, 100m, 200m, 300m
400m, 500m, 600m, 700m and 80Om at incremental angles of 22.5 degrees.
(2) Complex | grid receptors were placed at 50m and 100m at incremental

angles of 10 degrees.
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Table 2: Receptor Locations for ISCST Modelling

Grid Receptors (polar coordinates
Distance | Angle Distance | Angle Distance | -Angle Distance | Angle Distance | Angle
(meters) |(Degrees) meters) i(Degrees) meters) i(Degrees) | | (meters) [(Degrees) | | (meters) |(Degrees)
25.0 360/0 50.0 360/0 100.0 360/0 200.0 360/0 300.0 360/0
25.0 22.5 §0.0 22.5 100.0 22.5 200.0 22.5 300.0 22.5
25.0 45.0 50.0 45.0 100.0 45.0 200.0 45.0 300.0 45.0
25.0 67.5 50.0 67.5 100.0 67.5 200.0 67.5 300.0 67.5
25.0 90.0 50.0 90.0 100.0 80.0 200.0 80.0 300.0 90.0
25.0 112.5 50.0 112.5 100.0 112.5 200.0 112.5 300.0 112.5
25.0 135.0 50.0 135.0 100.0 135.0 200.0 135.0 300.0 135.0
25.0 1§67.5 50.0 1§7.5 100.0 157.5 200.0 157.5 300.0 157.5
25.0 180.0 50.0 180.0 100.0 180.0 200.0 180.0 300.0 180.0
25.0 202.5 50.0 202.5 100.0 202.5 200.0 202.5 300.0 202.5
25.0 225.0 50.0 225.0 100.0 225.0 200.0 225.0 300.0 225.0
25.0 247.5 50.0 247.5 100.0 247.5 200.0 247.5 300.0 247.5
25.0 270.0 50.0 270.0 100.0 270.0 200.0 270.0 300.0 270.0
25.0 292.5 50.0 292.5 100.0 292.5 200.0 292.5 300.0 292.5
25.0 315.0 50.0 315.0 100.0 315.0 200.0 315.0 300.0 315.0
25.0 337.5 50.0 337.5 100.0 337.5 200.0 337.5 300.0 337.5
~— @Grid Receptors - Con't (polar coordinates)
Distance | Angle Distance | Angle Distance | Angle Distance | Angle Distance | Angle
(meters) |(Degrees) | | (meters) |(Degrees) | | (meters) |(Degrees) | | (meters) |(Degrees) | | (meters) |(Degrees)
400.0 360/0 500.0 360/0 600.0 360/0 700.0 360/0 800.0 360/0
400.0 22.5 500.0 22.5 600.0 22.5 700.0 22.5 800.0 22.5
400.0 45.0 500.0 45.0 600.0 45.0 700.0 45.0 800.0 45.0
400.0 67.5 500.0 67.5 600.0 67.5 700.0 67.5 800.0 67.5
400.0 90.0 500.0 90.0 600.0 80.0 700.0 90.0 800.0 90.0
400.0 112.5 500.0 112.5 600.0 112.5 700.0 112.5 800.0 112.5
400.0 135.0 500.0 135.0 600.0 135.0 700.0 135.0 800.0 135.0
400.0 157.5 500.0 167.5 600.0 157.5 700.0 157.5 800.0 157.5
400.0 180.0 500.0 180.0 600.0 180.0 700.0 180.0 800.0 180.0
400.0 202.5 500.0 202.5 600.0 202.5 700.0 202.5 800.0 202.5
400.0 225.0 500.0 225.0 600.0 225.0 700.0 225.0 800.0 225.0
* 400.0 247.5 500.0 247.5 600.0 247.5 700.0 247.5 800.0 247.5
400.0 270.0 500.0 270.0 600.0 270.0 700.0 270.0 800.0 270.0
400.0 292.5 500.0 292.5 600.0 292.5 700.0 292.5 800.0 292.5
400.0 315.0 500.0 315.0 6800.0 315.0 700.0 315.0 800.0 315.0
400.0 337.5 500.0 337.5 600.0 337.5 700.0 337.5 800.0 337.5
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Table 2: Receptor Locations for ISCST Modelling (Con’t)

Fence-line Receptors ( coordinates)
Distance | Angle Distance | Angle Distance | Angle Distance | Angle Distance | Angle
(meters) |(Degrees) | | (meters) |(Degrees) | | (meters) |(Degrees) | | (meters) |(Degrees) meters) |(Degrees
41.0 360/0 62.9 67.5 772.0 135.0 829.0 202.5 329.0 270.0
50.5 22.5 586.0 80.0 743.0 157.5 857.0 225.0 117.2 292.5
79.1 45.0 786.0 112.5 800.0 180.0 657.0 247.5 48.7 315.0
40.0 337.5

Nearest Neighbor Receptors (polar coordinates)

Distance | Angle Distance | Angle
(meters) [(Degrees) | | (meters) |(Degrees)
1157.0 118.5 1543.0 134.5
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Table 3: Receptor Locations for Complex | Modelling

Grid Receptors (polar coordinates)
Distance | Angle {Elevation { |Distance | Angle |Elevation
meters) |(Degress) | (Feet) (meters) |(Degrees) | (Feet)
50.0 360/0 113 50.0 180 89
50.0 10.0 115 50.0 190.0 102
50.0 20.0 119 50.0 200.0 108
50.0 30.0 122 50.0 210.0 110
50.0 40.0 125 50.0 220.0 112
50.0 50.0 127 50.0 230.0 113
50.0 60.0 129 50.0 240.0 115
50.0 70.0 128 50.0 250.0 115
50.0 80.0 126 §0.0 '260.0 113
50.0 80.0 123 50.0 270.0 110
50.0 100.0 121 50.0 280.0 105
$0.0 110.0 116 50.0 290.0 103
§0.0 120.0 118 50.0 300.0 97
50.0 130.0 117 50.0 310.0 92
50.0 140.0 113 50.0 320.0 96
50.0 150.0 106 50.0 330.0 103
50.0 160.0 108 $0.0 340.0 108
50.0 170.0 102 50.0 350.0 111
Grid Receptors — Con't (polar coordinates)
Distance | Angle |Elevation | |Distance | Angle |Elevation
(meters) |(Degrees) | (Feet) (meters) |(Degrees) | (Feet)
100.0 360/0 110 100.0 180.0 84
100.0 10.0 108 100.0 190.0 82
100.0 20.0 118 100.0 200.0 82
100.0 30.0 120 100.0 210.0 82
100.0 40.0 124 100.0 220.0 84
100.0 50.0 128 100.0 230.0 896
100.0 60.0 128 100.0 240.0 108
100.0 70.0 128 100.0 250.0 111
100.0 80.0 127 100.0 260.0 106
100.0 90.0 130 100.0 270.0 98
100.0 100.0 125 100.0 280.0 88
100.0 110.0 120 100.0 290.0 76
100.0 120.0 117 100.0 300.0 76
100.0 130.0 113 100.0 310.0 80
100.0 140.0 111 100.0 320.0 85
100.0 150.0 111 100.0 330.0 87
100.0 160.0 107 100.0 340.0 87
100.0 170.0 88 100.0 350.0 106
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(Con’t)

Fence-line Receptors (cartesian coordinates)

Table 3: Receptor Locations for Complex | Modelling

North East {Elevation North East }Elevation

(meters) | (meters) {Feet) (meters) | (meters) (Feet)
46.66 19.33 120 44.85 | -108.28 74
55.93 §5.93 126 33.02 -33.02 94
24.07 58.11 130 36.96 -15.31 112
41.00 0.00 116
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CALCULATIONS



This section documents the calculations utilized in estimating key parameters
used in dispersion models. The calculations are separated into four sections:
“Emission Calculations®”, “"Maximum Impact Calculations®, "Maximum Nearest
Neighbor Impact Calculations", and "Plare Burnout Calculations™.

2.1 Emission Calculations
The Pre-Design Investigation, Pinal Report, April, 1991, reported that total

gas flow emitted from the Bast Hide Pile was 0.5 cfm containing 3000 ppm(v)
hydrogen sulfide (H2S). This data was used to calculate the stack emissions
from the flare.

Bquation 1 converts the H2S concentration from a volume - ppm(v) - to a weight
basis - milligrams per cubic meter (mg/m3):

[conc(v),ppm]x[(MW/24.45) = conc(wt), mg/m3; where
MW equals the molecular weight

(3000 ppm])x{34.07/24.45) = 4180 mg/m3 (1)

Converting from mg/m3 to grams per cubic foot (g/ft3) is performed in Equation
2.

{mg/m3]x[(1 m3)/(35.32 ££3)]x[(1 g)/(1000 mg)) = g/ft3
{4180 mg/m3])x(1 m3/35.32 £t3]x(1 g/1000 mq) = 0,118 g/£ft3 (2)

Using the Bast Hide Pile flow of 0.5 cfm, a H2S inlet flow is calculated
below:

[g/£t3])x[0.5 £t3/min]x[ (1l min)/(60 sec)) = g/sec {(Inlet)

{[.118 g/ft3]x[.5 ft3/min]x[1 min/60 sec) = 0,001 g/gec (Inlet) (3)

The outlet stack emission of H2S is calculated by using the flare’'s 95% DRE in
RBquation 4.

[g/sec (Inlet)] x [ 1 - DRE ] = g/sec (Outlet)
[0.001 g/sec (Inlet)]x([1-.95) = 0.00005 g/sec (Qutlet) (4)

Therefore, the calculated stack emission of H2S is 0.00005 g/sec.
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CALCULATIONS (con’'t)

2.2 Maximum Impact Cglcylations

S8ince tho H2S emissions (0.00005 g/sec) were too small for Complex I -
-odollinq . & generic H2S emission of 0.01 g/sec was modelled for both Complex
I and ISCST models. The generic modelling resulted in the "maximum impact
(gensric)” of 17.76 ug/m3, as shown in Table 1. The maximum impact (generic)
is converted to ppb(v) below:

{econc(wt), ug/m3]1x[24.45/MW) = conc(v), ppb
[17.76 ug/m3)x[24.45/34.07) = 12,75 ppb (5)

The maximum impact (generic) is directly proportional to the modelled
emissions. Accordingly, the maximum impact is adjusted to represent the
calculated emission for the flare (from Equation 4).

{generic impact, ppb]x[(flare emission)/(generic emission))= flare impact,ppb

{12.75 ppb] x [(0.00005 g/sec)/(0.01 g/sec)]) = 0.06 ppb Maximum Impact (6)

The maxisum impact caused by H28 eaissions from the flare is over 100 times
below the OTV of 8 ppb and 500 times below objectionable odor threshold of 40
ppdb. Therefore, the inlet/outlet K28 flow could vary (increase) up to 500-
fold before the maximum impact exceeds the objectionable odor threshold.

4.3 Maximum Nearest Neighbor Impact Calculationse
The "Maximum Nearest Neighbor Impact” is the highest H2S concentration at any

"Nearest Neighbor" receptor. The "generic” maximum nearest neighbor impact,
modelling 0.01 g/sec, was 1.90 ug/m3 at the 118.5° receptor (see site map for
specific location). The generic impact is converted to represent the calcu-
lated emissions of 0.00005 g/sec (from Equation 4) using Equations 5 and 6.

{1.90 pg/m3]1x[24.45/34.07]) = 1.36 ppb (generic impact) (7)

{1.36 ppb)x[(0.00005 g/sec)/(0.01 g/sec)}=0,007 ppb Max Nearest Neighbor (8)

The maximum nearest neighbor impact caused by N28 emissions from the flare is
over 1000 times below the OTV of 8 ppb and 5000 times below ocdbjectionable odor
threshold. Therefore, the inlet/outlet H2S flow could vary (increase) up to
3000-fold before the maximuam nearest meighbor impact exceeds the cbjectionable
odor threshold.

1COmplox I will not accept input below 0.01 g/sec for stack emissions.
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2.4 Flare Burpmout Calculation

If the entire H2S flow to the flare is discharged with no thermal destruction,
the following maximum impact is calculated using Equation 6 with a H2S
exission rate of 0.001 g/sec (from Equation 3).

[12.75 ppb] x [(0.001 g/sec)/(0.01 g/sec)] = 1,3 pob (9)
In other words, the dispersion models show that the maximum impsct for flare
emissions during burnout (if blower failed to shut off) would still be below
the both the OTV and objectionable odor threshold.

The maximum nearest neighbor impact during a flare burnout is calculated using
Equation 9 with a H2S emission rate of 0.001 g/sec.

(1.36 ppb) x [(0.001 g/sec)/(0.01 g/sec)] = Q.14 pOD_ (10)
The dispersion models show that the maximum nearest neighbor impact for flare

emissions during burnout (if blower failed to shut off) would be 57 times
below the OTV and 285 times below the objectionable odor threshold.
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INPUT FILES



4.0 Input Files

Attached to this section are the input files for the ISCST and Complex I
models, respectively. Both input files utilize the same input data with the
exception of receptor locations and terrain/elevation data. The following
data are included in the input files:

150 cfm (includes make-up lir)2

10 meters

0.46 meters

0.43 meters/second (Calculated using flowrate
and stack diameter).

Gas Flowrate
Stack Height
Stack Diameter
Bxit Velocity

.Section 3.0 illustrates the calculations used to estimate the H2S emission
rate at 0.00005 g/sec. However, the Complex I model will not accept input
below 0.01 g/sec for stack emissions. The input files, therefore, have 0.01
g/sec emission rates for both the ISCST and Complex I models. Therefore, the
results of the "generic"” modelling are adjusted in Section 3.0 to represent
the calculated H2S emission rate.

Tables 2 and 3 in Section 1.0 list all receptor locations for both models. A
total of 257 receptor locations were modelled to locate the "maximum impact*®
and "maximum nearest neighbor impact®". Along with fence-line and nearest
neighbor receptors, grid receptors for the ISCST model were placed at 25m,
$Om, 100m, 200m, 300m, 400m, 500m, 600m, 700m, 800m at incremental angles of
22.5°. Coumplex I grid receptors tighten the grid at 50m and 100m with
incremental angles of 10°.

A flat terrain was assumed for the ISCST model. Complex I used terrain
elevations taken from "East Hide Pile Gas Collection System Piping Plan”,
Sheet 15-1, Golder Associates. Table 3 in Section 1.0 lists the receptor
elevations used in Complex I input file. The flare’s base elevation was 108
feet above sea level.

2plowrate taken from the "95% Design Report” of the East Hide Pile Gas
Collection System, Golder Associates.
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CHAPTER >
SITE HISTORY AND INVESTIGATIONS

5.1 INTRODUCTION

The purpose of this chapter 1is to provide a summary
description of the data and information obtained by Golder
Associates Inc. (Golder) and others to support the Remedial
Design for the Industri-Plex Site (the Site) in Woburn,
Massachusetts. The sources from which information was
obtained are listed in the references at the end of this
chapter. These references should be consulted for further
details.
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5.2 LOCATION
The Site is a 248 (+/-) acre area, located about 10 miles

northwest of Boston, Massachusetts, in the north part of
the City of Woburn, within the Aberjona River Valley (see

Figure 5-1). The Site is bounded on the east side by
Interstate 93, and Interstate 95/State Route 128 is located
about one-half mile south of the Site. The Boston Edison

Power Company Right-of-Way No. 9 is the southwest boundary
of the Site. The Massachusetts Bay Transportation
Authority (MBTA) railway transects roughly the western
third of the Site in a northwest-southeast direction.

The Site and property boundaries were surveyed by SAIC
Engineering, Inc. (1990a), and are shown on Sheet 5-1. The
northern fence 1line of the Site was resurveyed by SAIC
Engineering, Inc. in January 1991 following its relocation

in accordance with Section III of the Consent Decree.

Golder Associates



April 1992 5-3 903-6400

5.3 SITE HISTORY

The detailed history of ownership and manufacturing
activities at the Site has been reported by Stauffer
Chemical Company (Stauffer, 1983, 1984, and 1985) and the
U.S. Environmental Protection Agency (USEPA, 1986a). The
Site history and conclusions presented in those reports are
summarized in this section.

Prior to 1853 the property was undeveloped with forest
cover along the northern border, wetlands to the north and
on the southern two-thirds of the Site. The history from
1853 to date may be divided into four separate periods
according to land use as follows:

- Chemical Manufacturing (1853 to 1934);
- Glue Manufacturing (1934 to 1969);

- Land Development (1968 to 1980); and,
- Remediation (1980 to date).

In the following discussion of Site history, the term
"Site" refers to the present 248 (+/-) acres within the
current boundary of the Industri-Plex Site. The part of
the Site which is known to have been occupied by chemical
and/or glue manufacturing industries is approximately as
shown on Figure 5-2. This area is roughly 95 acres, which
is about 38 percent of the Site. Previous investigations
have not identified any chemical and glue manufacturing
industries within the part of the Site between Commerce Way
and Interstate 93.

$.3.1 Chemical Manufacturing
Several chemical manufacturing companies occupied part of

the Site during the period from 1853 to 1934.
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The first recorded industry established at the Site was the
Woburn Chemical Works which was founded in 1853 and
operated until 1863. Manufactured products included
sulfuric acid, hydrochloric acid, sodium sulfate, soda ash,
tin chloride and copper sulfate. In 1863, the Woburn
Chemical Works was merged into the Merrimac Chemical
Company. Between 1899 and 1915 Merrimac became the leading

U.S. producer of arsenic insecticides.

In 1915, Merrimac Chemical Company established a separate
company called the New England Manufacturing Company. A
plant was built for the purpose of producing munitions for
World War I. Chemicals produced by New England
Manufacturing Company from 1915 to 1920 included phenol,
benzene, picric acid, and toluene. A TNT plant was built
on the Site but blew up prior to full operation. The
extent of the Merrimac Chemical Company and New England
Manufacturing Company plant facilities existing in 1918 are
shown on Figure 5-3. By 1929, Merrimac Chemical Company
had become one of the 1largest chemical manufacturing
companies in the United States. The Woburn plant consisted
of 90 buildings which occupied 417 acres, some of which
were within the current Site boundary.

In 1929, the Monsanto Chemical Works purchased the Merrimac
Chemical Company. Merrimac Chemical Company continued to
operate the Woburn facility until 1931 as the Merrimac
Division of Monsanto. By 1931, Merrimac’s operation at
Woburn was consolidated into another plant at Everett,
Massachusetts, and from 1931 to 1934 no products were
manufactured at the Woburn plant. The equipment was
salvaged, and in 1934 the property was sold to New England
Chemical Industries.
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Raw materials used in chemical manufacturing operations on
the Site are believed to include 1lead, arsenic, sulfur,
pyrite ore (containing heavy metals), and dry colors
(probably containing other metals). Waste metals included
arsenic, chfomium, lead, zinc, and copper. It is believed
that wastes from the manufacturing operations were disposed
of in low-lying, swampy areas and in areas near the plant
buildings.

5.3.2 Glue Manufacturing
During the period from 1934 to 1969, the Woburn property

was used by several companies for manufacturing animal
glue. New England Chemical 1Industries began glue
production in 1935, and was purchased by Consolidated
Chemical Company in 1936. Consolidated Chemical Company
was purchased by Stauffer Chemical Company in 1961.

Stauffer Chemical Company owned about 184 acres in the
northwest part of the present Site. Stauffer Chemical
Company sold about 149 acres to the Mark-Phillip Trust in
late 1968, and the remaining 35 acres were sold to others
in the early 1970’s. Stauffer Chemical Company produced
animal glue and grease until mid-1969 when they removed
their equipment and vacated the property.

The glue manufacturing process utilized raw animal hides
and bones, and also waste chrome-tanned hides from local
industries. Glue was extracted from the hides by cooking
in water and concentrating the extract by evaporation and
drying. Sodium hydroxide, lime, sulfuric acid, magnesium
carbonate, and wood chips were used in the manufacturing
process. The materials remaining after cooking, consisting
of wood shavings, raw products and hide residue materials
(referred to as "tankage"), were buried on the property
together with the sludge from the primary waste water
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settling lagoons (later referred to as the Chromium
Lagoons) and other refuse. The waste deposits accumulated
over 35 years of animal glue manufacturing resulted in
large piles of hide residue and other wastes. These piles
have since been referred to as "Hide Piles." The deposits
now known as the "East Central Hide Pile" and the "South
Hide Pile" originated during this period. However, the
configuration of the South Hide Pile was modified during

subsequent land development activities.

5.3.3 Land Development
The Mark-Phillip Trust intended to develop the 1land

purchased from Stauffer Chemical Company, together with
property which they owned south and east of the former
plant, as an industrial park called Industri-Plex 128.
Phased development, including grading, began in the early
1970’s south of the Industri-Plex Site. Development
progressed northward and reached the southern edge of the
Site in about 1975.

Hide residues and other materials were excavated from the
south end of the Site and deposited in two new hide piles
near the north end of the Site. These have since been
referred to as the East and West Hide Piles. Hide residue
and other materials were also deposited along the Boston
Edison Right-of-Way No. 9 at the southwest edge of the
Site.

In 1979, the Federal Government became involved with the
Site when the U.S. Attorney’s office filed suit against the
Mark-Phillip Trust on behalf of the U.S. Army Corps of
Engineers and USEPA. The suit alleged violations of the
Federal Water Pollution Control Act, which regulates the
filling of wetlands. A court injunction was issued in
July, 1979 and development work ceased.
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Negotiations began between the Mark-Phillip Trust and the
State and Federal regulatory agencies, and a Consent Decree
was filed in May, 1980 (USEPA, 1980). The Consent Decree
required the Mark-Phillip Trust to undertake investigation
and remedial work in exchange for the right to continue
restricted development, thereby generating the revenue for
the investigation and remedial work. However, the Mark-
Phillip Trust did not comply with the Consent Decree.

5.3.4 Remediation

In December, 1980, the Comprehensive Environmental
Response, Compensation and Liability Act (CERCLA) was
passed by the U.S. Congress, which is commonly referred to
as the "Superfund." The Act required USEPA to compile an
inventory of hazardous waste sites which might require
remediation. The Industri-Plex 128 Site in Woburn was on
that National Priorities List.

In 1981, USEPA secured most of the undeveloped central and
northern part of the Site between the MBTA railway and
Interstate 93 with a chainlink fence. In May, 1982,
Stauffer Chemical Company, a former land owner and
potentially responsible party, voluntarily signed a Consent
Order with the Massachusetts Department of Environmental
Quality and Engineering and the USEPA. Stauffer Chemical
Company consented to undertake a two~-phased Remedial
Investigation/Feasibility Study (RI/FS) of the Industri-
Plex Site.

Stauffer Chemical Company completed their Phase I Remedial
Investigation in April, 1983, their Phase II RI in August,
1984, and their FS in April, 1985 (Stauffer, 1983, 1984,
1985). The reports included an assessment of the
environmental conditions at the Site, as well as

evaluations and recommendations concerning remediation.
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The Record of Decision (ROD) for the Industri-Plex Site was
entered by the USEPA in September, 1986 based in part on
the RI/FS prepared by Stauffer Chemical Company (USEPA,
1986a). The ROD included a Summary of Remedial
Alternatives Selection and recommended remedial action for

contaminated soils and sediments, air, and groundwater.

Another Consent Decree (for Remedial Design/Remedial
Action) was subsequently entered in April, 1989 by the U.S.
District Court, District of Massachusetts between the USEPA
and the Commonwealth of Massachusetts as Plaintiffs, and 26
Settling Defendants (USEPA, 1989a). The Consent Decree
included the Remedial Design/Action Plan (RDAP), and the
requirements for establishing the Industri-Plex Site
Remedial Trust (ISRT), the 1Industri-~Plex Site Interin
Custodial Trust and the Industri-Plex Site Escrow
Agreement. The RDAP required the preparation of a Pre-
Design Investigation Work Plan and a Remedial Design Work
Plan.

In July, 1989, Golder Associates Inc. was retained by the
ISRT to prepare the Pre-Design Investigation (PDI) and
Remedial Design Work Plans, and execute the associated
work. The Pre-Design Investigation Work Plan was approved
by USEPA on January 24, 1990, and the PDI commenced in
February, 1990.

The Remedial Design Work Plan was prepared by Golder
Associates Inc. and was approved by USEPA on August 8, 1990
(Golder, 1990a). Preliminary stages of the design work had
commenced previously in conjunction with the on-going PDI.
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5.3.5 Landowners

The landowners on the Site as of February 7, 1991 are
listed on Table 5-1 and their properties are identified on
Sheet 5-1. The landowners include some of the Settlers
under the Consent Decree and others who have subsequently
acquired an interest.
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5.4 EXISTING DEVELOPMENT

This section describes the existing Site development, the
identified existing "in-service" utilities, and the
currently identified abandoned facilities above and below
grade. The existing development is shown on Sheet 5-2, the
existing utilities are shown on Sheets 5-3A through 5-3D,
and the abandoned facilities are shown on Sheets 5-4 and
5-5.

5.4.1 Transportation
The Industri-Plex Site is bounded on the east side by

Interstate 93 (see Sheet 5-2). The MBTA railway, which
runs in a roughly northwest-southeast direction, transects
roughly the western third of the Site. There is currently
no direct access across the MBTA railway between the east
and west parts of the Site. The railway has two main
tracks and a siding (the South Wilmington passing siding)
on the west side. There are also two unused railway spurs
on the east side of the MBTA railway near the north and
south ends of the Site. The northern spur enters the
Janpet Associates property (see Sheet 5-1). The southern
spur (the Industrial Way side track) subsequently splits
into three tracks to different warehouses near the south
end of the Site. Part of this spur has been removed near

the main MBTA railway so that it is no longer operable.

The east part of the Site is serviced by Commerce Way and
Atlantic Avenue, which are asphalt paved streets. Commerce
Way is accessible south of the Site via Mishawum Road and
Interstate 95/State Route 128. The area west of the MBTA
railway is serviced by New Boston and Merrimac Streets
which are both paved. New Boston Street joins Mishawum
Road south of the Site. Merrimac Street continues west of
the Site to State Route 38.
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Numerous dirt roads transect undeveloped parts of the Site,
but most are not accessible to the general public.

5.4.2 Buildings
Seven separate commercial/light industrial buildings have

been erected in the most recently developed part of the
Site along Atlantic Avenue and Commerce Way east of the
MBTA railway (see Sheet 5-2). There are eleven separate
commercial/light industrial buildings west of the MBTA
railway along New Boston Street and Merrimac Street within
the Site boundary. The developments include paved parking
lots for passenger vehicles and for heavy commercial
vehicles, and landscaping including lawns, planters, trees
and shrubs. Large boulders, presumably encountered in
local excavations have been placed along some property
lines, and are used extensively in landscaping. Similar
commercial/light industrial development continues south of
the Site.

5.4.3 Utilities

Identified in-service utilities below grade are shown on
Sheets 5-3A through 5-3D. The utility 1locations were
provided by the respective owners and, to the extent
possible, from "as-built" drawings. However, the utility
locations shown on the drawings should be regarded as
approximate, and scaled dimensions taken from the drawings
should not be used to locate utilities in the field. The
drawings do not show utilities which are above grade. The
locations of buried utilities inside the various property
boundaries are not shown on the drawings. Field
verification of all in-service utility locations prior to
construction is essential because all utility locations may
not have been shown on the drawings.
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The discussion of utilities presented below is not intended
to be a comprehensive inventory. Utility service lines to
individual land owners are not always shown, and additional
utilities installed by private contractors (such as lawn
sprinkler systems) might also exist. On-site verification
is therefore required to determine the status and locations
of all utilities.

5.4.3.1 Utilities - Above Grade
Identified in-service utilities which are above grade
consist of the following:

owner Utility
* Boston Edison Company Electrical Power

Transmission &
Distribution System

* Massachusetts Bay Communications line in
Transportation Authority railway

» New England Telephone Telephone System

* Continental Cablevision Cable Television

* City of Woburn Fire Dept. Fire Alarm.

The Boston Edison Company has two right-of-ways or
easements within the Site. These carry transmission lines
which are the sole source of electricity for North Woburn
and for the Reading Municipal Light Department. Their
facilities within Right-0f-Way No. 9 along the southwest
side of the Site consist of two 115-KV transmission lines,
two 13.8-KV distribution circuits, and one distribution
circuit adjacent to the Right-0Of-Way. Their facilities
within Right-0Of-Way No. 14 at the north side of the Site
consist of two 115-KV transmission lines.
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The Boston Edison Company also has a 1local distribution
system on poles and in underground conduits along streets
within the Site to supply electricity to local industrial
consumers.

5.4.3.2 Utilities - Below Grade
Identified in-service utilities below grade are shown on
Sheets 5-3A through 5-3D and consist of the following:

Owner Utility
* City of Woburn Water, Sanitary Sewer,
Storm Sewer (Drain)
* Metropolitan District Sanitary Sewer
Commission
* Boston Edison Company Electrical Distribution
* Boston Gas Gas Distribution
* New England Telephone Telephone System.

It is understood that the American Telephone and Telegraph
Company (AT&T) was installing during Fall 1991 a fiber
optic telephone conduit below grade inside the MBTA Right-
of-Way.

The dimensions and material types for water mains, sewers
and drains, where known, are also shown on Sheets 5-3A
through 5-3D.

5.4.4 Abandoned Facilities

Approximate locations of identified abandoned facilities
are shown on Sheets 5-4 and 5-5. These abandoned
facilities were identified with the assistance of available
maps and drawings, reports, and airphoto interpretation.
Some facilities above grade were also identified by site
inspection. Recent features resulting from current land
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use such as wood chip stockpiles and miscellaneous rubble

and soil piles have also been shown on these drawings.

Abandoned facilities are those which are known or believed
to be remnants of the previous chemical and animal glue
manufacturing plants and which are understood to be no
longer in service. Some of these abandoned facilities have
since been partly or completely demolished and/or covered
with debris or are in ruins. However, the extent of
demolition of the chemical plant prior to construction of
the animal glue manufacturing plant is unknown. The
chemical plant facility was extensive and included 1land
west of the MBTA railway as well as areas which are now the
property of Janpet Associates, Chestnut Hill Realty,
Atlantic Avenue Associates, Woburn Industrial Associates
and the 1Industri-Plex Site 1Interim Custodial Trust.
Therefore, there are probably abandoned facilities such as
building foundations, floor slabs, underground utilities,
storage tanks, etc., which may not have been demolished and
have not been identified because they have since been
covered with fill, debris and/or other materials. On-Site
verification is therefore required to determine the status

and locations of abandoned facilities.

The locations shown on the drawings are approximate and
scaled distances should not be used to locate abandoned
facilities in the field. Other unidentified abandoned
facilities may exist which are not shown on the drawings.
The most conspicuous abandoned facilities are described

briefly in the following sections.
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5.4.4.1 Abandoned Facilities - Above Grade

Identified abandoned facilities above grade include
concrete floor slabs and foundations, tank foundations,
ruins of buildings, open pits, etc., which are close to
existing grade. The most conspicuous feature is the former
powerhouse building and the adjacent stack beside the MBTA
railway (see Sheet 5-4). Horizontal holes around the
southern half of the stack circumference suggest that it
was once prepared for demolition.

The bi-level concrete floor slab of the former animal glue
manufacturing plant is about 750 feet 1long by 250 feet
wide. This floor slab is presently occupied by trucking
and wood recycling operations. Parts of an o0ld railway
spur leading to the slab are also visible. An open pit,
which appears to contain a black oily substance, |is
situated near the northwest corner of the large concrete
floor slab.

Concrete ruins and foundations are 1located near the
northeast corner of the Chestnut Hill Realty property.
Concrete foundation remnants are also located 1in the
northwest and southwest corners of the Chestnut Hill Realty
property.

The Arsenic Pit and two Chromium Lagoons are visible near
the north and south ends of the Site, respectively. Ruins
of the glue plant water supply filtration building,
concrete tank foundations, pump house and related piping
have been identified north and west of the Chromium Lagoons
near the MBTA railway.
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5.4.4.2 Abandoned Facilities - Below Grade

Identified possible abandoned facilities below grade, that
were built for the former chemical and animal glue
manufacturing plants and which might have been abandoned,
are shown on Sheet 5-5. The locations of these facilities
were obtained from various maps, drawings and reports
(Janpet Associates, Inc., 1990; Goldberg-Zoino &
Associates, Inc. [GZA}, 1981, 1982a, 1982b, 1983; Southern
Map Co., 1918; and USEPA, 1982), aerial photographs, and
drawings provided by the City of Woburn and by Volpe
Construction Co. (Janpet Associates, Inc., 1990).
Municipal utilities in the streets, which may have been
abandoned, are not included on Sheet 5-5.

Identified, potentially abandoned facilities below grade in
the former plant area include buried utilities, underground
storage tanks, and a concrete tunnel under the railway near

the former powerhouse.

The buried utilities include water mains, process and waste
water lines, sanitary sewer, storm sewer, and high voltage
electrical conduits. Some of the manholes for buried

utilities are still visible.

Information provided by Janpet Associates to the ISRT
indicates that part of the old sanitary sewer system is
still in operation (Janpet Associates, Inc., 1990). The
other utilities have been abandoned and the potable water
line has been replaced.

Janpet Associates also identified various underground

storage tanks on their property. These tanks are reported
to have capacities of 3,000 to 10,000 gallons.
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Both ends of the concrete tunnel under the MBTA railway
adjacent to the Janpet property are blocked. However,
information obtained from the City of Woburn and from Volpe
Construction Co. shows that the tunnel carried major plant
utilities under the railway. These utilities consisted of
thirteen drains, electrical conduits, gas mains, water
mains, steam lines, and air 1lines ranging from 2 to 12
inches in diameter.

The map of the Merrimac Chemical Co. in 1918 (Southern Map
Co., 1918) 1is believed to be a fire insurance map. It
shows a water supply line in the plant area and also west
of the MBTA railway (see Figure 5-3 and Sheet 5-5). This
water line is presumed to be abandoned.

5.4.5 Industrial Wastes

The industrial wastes which were produced by chemical
manufacturing between 1853 and 1934 are believed to have
been disposed of over a large area which extended from the
present Commerce Way to west of the MBTA railway. The
wastes were probably used to fill 1low ground for plant
expansion and also for construction of dikes to contain
liquid wastes (USEPA, 1986a).

The wastes produced by manufacturing animal glue products
were apparently disposed of in 1limited areas east and
southeast of the plant. Large piles of hide residues and
other wastes were produced by this disposal procedure
(USEPA, 1986a).

Land development by the Mark-Phillip Trust proceeded
northward onto the Site in the mid-1970’s. The waste
deposits from previous operations were apparently
substantially removed from the areas to be developed. The
excavated wastes were deposited adjacent to and encroaching

Golder Associates



April 1992 5-18 903-6400

onto Wetland 1C (see Sheet 5-6) near the north end of the
Site. These relocated waste deposits have since been
termed the East and West Hide Piles. The East-Central Hide
Pile and the South Hide Pile are believed to be in their
original locations but the original configuration has been
modified by land development work. Excavated wastes were
also piled along the Boston Edison Right-Of-Way No. 9.

The Arsenic Pit and the two Chromium Lagoons are additional
specific areas where wastes are known to have been
deposited. The Arsenic Pit is located on the south side of
Wetland 1C at the north end of the Site, and the two
Chromium Lagoons are 1located south of the former glue
products plant, west of Atlantic Avenue and near the
southern railway spur, and are identified as Wetlands 7A
and 7B. Historical information indicates that these
lagoons formerly extended further to the south than their

present configuration.
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5.5 PHYSIOGRAPHY

This section describes the Site topography, drainage,
vegetation, and wetlands. The topography and drainage are
shown on Sheets 11-1A through 11-1D and the wetlands are
shown on Sheet 5-6.

5.5. Topograph

The topography was provided by SAIC Engineering, Inc.
(Lakeville, MA) using photogrammetric methods from aerial
photographs taken in November, 1989 and February, 1990; and
supplemented by ground-based measurements (SAIC Engineering
Inc., 1990b, and LIU BAerial Surveys, Inc., 1989). The
elevations are referred to the National Geodetic Vertical
Datum of 1929 and the coordinate grid is based on the
Massachusetts Coordinate Systen.

The ground surface across the Site slopes in a general
southerly direction. The highest terrain and steepest
slopes occur in a relatively small, undeveloped part of the
Site along the northern boundary (see Sheets 11-1A through
11-1D). Most of the Site is at a lower elevation with
relatively flat slopes. The flat part of the Site includes
the area west of the MBTA railway; the former plant site
and the developed area between the MBTA railway and
Commerce Way; and most of the undeveloped area between
Commerce Way and Interstate 93.

The ground surface elevation along the undeveloped north
side of the Site varies from about 132 feet to 70 feet.
This area includes the East and West Hide Piles. The East
Hide Pile is higher than the West Hide Pile with the top at
about 110 feet and about 40 feet of relief. The elevation
of the top of the West Hide Pile is about 94 feet with

about 24 feet of relief. Natural ground surface slopes
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range from about 1:1 to 5H:1V along the edge of the upland.
The hide pile slopes range from about 1:1 to 6H:1V.

The elevation of the relatively flat part of the Site
ranges from about 70 feet along the edge of the northern
upland to about 56 feet at the south end of the Boston
Edison Right-of-Way No. 9 for an overall average slope of
about 0.4 percent.

Maximum elevations in the area west of the MBTA railway are
about 93 feet on a dirt mound in the northwest corner of
the Site, and 83 feet on the south embankment at the former
New Boston Street/MBTA railway overpass. The general
ground surface elevation to the north is 72 feet and the
ground surface slopes downward to the south at
approximately 0.5 to 2.0 percent. The lowest elevation of
59 feet occurs on the Boston Edison Right-of-Way No. 9 west
of the MBTA railway.

The flat part of the Site between the MBTA railway and
Commerce Way ranges in elevation from about 72 feet along
the northern side to about 64 feet along the southern
railway spur line. The overall average southward slope 1is
about 0.4 to 1.2 percent. Higher elevations and steeper
slopes occur on the East Central Hide Pile, the South Hide
Pile, and at local bedrock outcrops. The East Central Hide
Pile has about 28 feet of relief with the elevation of the
top of the pile at 98 feet, and the slopes are about 2H:1V
or flatter. The South Hide Pile has about 26 feet of
relief with the elevation of the top of the pile at 93
feet, and slopes ranging from about 1:1 to S5H:1V.
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The undeveloped area between Commerce Way and Interstate 93
slopes in a general southwesterly direction from Interstate
93 toward Commerce Way. The overall average slope is
approximately 1.0 to 1.5 ©percent. Ground surface
elevations range from about 76 feet in the south-central
part of this area to about 66 feet at Commerce Way and
about 60 feet along Phillips Pond. Local elevations up to
about 88 feet occur along the east side near Interstate 93.

Bedrock outcrops are present in the northern upland and
also in the relatively flat part of the Site. The
locations of these outcrops are described in Section 5.7,
Physical Subsurface Conditions.

5.5.2 Drainage

Site drainage is to the south into two streams, the
Aberjona River and its tributary Halls Brook. The
headwaters of both streams are outside of the Site
boundary. The Aberjona River flows through the Site and
into Upper Mystic Lake, which is about 5 miles south of the
Site.

Major changes have occurred along the Aberjona River and
Mishawum Lake in order to facilitate 1land development
(USGS, 1979 and 1985). Prior to land development, the
Northern Branch of the Aberjona River flowed soutnward from
the north end of the present Commerce Way, across the
Boston Edison Right-of-Way No. 9, roughly midway between
Commerce Avenue and the MBTA railway and into the former
Mishawum Lake (see Figure 5-1). The Southern Branch of the
Aberjona River joined the Northern Branch west of Commerce
Way and north of the Boston Edison Right-of-Way No. 9. The
former Mishawum Lake occupied most of the area bounded by
Mishawum Road, the MBTA railway, the Boston Edison Right-
of-Way No. 9 and Commerce Way. Most of this drainage
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system was filled and relocated during Site grading for
land development.

The Aberjona River and Halls Brook have a total watershed
area of about 6.4 square miles upstream of Mishawum Road.
Excluding Halls Brook and the Holding Area, the Aberjona
drainage area upstream of Mishawum Road is about 4 square
miles. It is estimated that the 100-year, 24-hour storm
event would produce a discharge of about 471 cubic feet per
second (cfs) at the confluence of the Northern and Southern
Branches of the Aberjona River (see Chapter 10). The
minimum discharge in August, 1990 is estimated to be about
4 cfs or less (Roux, 1991la).

The undeveloped north end and east side of the Site are
currently drained by the Northern and Southern Branches of
the Aberjona River. The Northern Branch enters the
northeast corner of the Site through Interstate 93 and
flows in a southwesterly direction to the north end of
Commerce Way. Several wetlands along the east side of the
Site between Commerce Way and Interstate 93 are in the
Aberjona River watershed (Wetlands Management Specialists,
Inc. [WMS], 1986). The wetland between the East and West
Hide Piles near the north edge of the Site drains through
the Western Branch of the Aberjona River (Wetland 2A), that
in turn discharges into the Aberjona River (Wetland 2B)

through a culvert at the extension of Commerce Way.

The Aberjona River then flows southward along Commerce Way
in a median ditch and culverts to about 300 feet south of
the Site boundary. At this point it joins the Southern
Branch of the river. The Southern Branch flows westward
from Interstate 93 through Phillips Pond which drains
through a ditch to Commerce Way. Phillips Pond is believed
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to have been constructed, or at least expanded, to form a

holding area for flood management purposes.

From the confluence of the two branches, the Aberjona River
flows southward through the median ditch and culverts on
Commerce Way. About 900 feet south of the Boston Edison
Right-of-Way No. 9, the river flows westward in a drainage
ditch to a dike bordering the east side of Halls Brook
Holding Area. The river then flows southward parallel to
the Halls Brook Holding Area to the culvert at Mishawum
Road. At this culvert, the discharge from the Halls Brook
Holding Area combines with flow from the Aberjona River and
continues southward as the Aberjona River.

Halls Brook is located southwest of the Site and about 400
feet south of the Boston Edison Right-of-Way No. 9. The
Site area west of the MBTA railway drains southward into
Halls Brook which flows eastward beneath the MBTA railway
into the man-made Halls Brook Holding Area.

In the northwest corner of the Site, the New Boston Street
Drainway carries drainage southward to about 400 feet north
of Merrimac Street. At this point, the New Boston Street
Drainway is joined by an eastward-flowing drainage ditch.
The combined discharge then enters a drain system which
flows through a culvert southward under New Boston Street
and close to the MBTA railway where it discharges on the
Boston Edison Right-of-Way No. 9 near Wetland 8. The
drainage continues southward along the west side of MBTA
railway and into Halls Brook.

The Halls Brook Holding Area also receives Site drainage
from the Atlantic Avenue Drainway. This drainage ditch
begins at Atlantic Avenue, flows southward between the
Chromium Lagoons and the South Hide Pile, beneath the
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southern railway spur (the Industrial Way side track) and
crosses the Boston Edison Right-of-Way No. 9 and enters the
north end of the Holding Area. The Halls Brook Holding
Area extends about 3/4 mile south of the Site where it
discharges into the Aberjona River at Mishawum Road.

5.5.3 Vegetation
The most extensive vegetation occurs along the undeveloped

north and east sides of the Site (see Sheet 5-2).
Excluding the wetlands, the vegetation typically consists
of dense maple, aspen, cottonwood and oak trees with trunk
diameters ranging from 4 to 24 inches, together with shrub
undergrowth. Dense, tall reeds (phragmites) grow on the
hide piles and around the wetlands including the Chromium
Lagoons. Purple loosestrife, cattails and shrubs also grow
in the wetlands (WMS, 1986 and Normandeau Associates Inc.,
1990) .

5.5.4 Wetlands

The wetlands were delineated by Wetland Management

Specialists, Inc. for Roux Associates, Inc. as part of the
RI/FS (WMS, 1986). In the WMS (1986) report, the wetlands
locations are shown on Figure 1 and delineation of each
wetland is shown on Figures 2 through 7. Based on these
figures, the wetlands within the Site boundary are shown on
Sheet 5-6.

The Site wetlands range in size from less than 1/2 acre to
more than 6 acres, for a total of about 19 acres. Some of
these wetlands are comprised of two or more smaller
contiguous areas. Wetland areas include the area between

the East and West Hide Piles, and the Chromium Lagoons.

Golder Associates



April 1992 5-25 903-6400

5.6 SITE INVESTIGATIONS

Previous Site investigations were conducted with a variety
of objectives. USEPA and the Massachusetts Department of
Environmental Quality and Engineering ©both prepared
hazardous waste inspection reports in the period from June,
1979 to September, 1980. USEPA also had topographic maps
prepared by photogrammetric methods (USEPA, 1982). Fred C.
Hart Associates, 1Inc. (1980) prepared a plan for the
investigation of hazardous waste problems in Woburn.
Ecology and Environment, Inc. (1980, 198l1la, 1981b, 1981lc,
1982) prepared several reports dealing with metal content
in airborne dust from the Mark-Phillip Trust property, as
well as the geology, groundwater, and existing well data
from East and North Woburn. Environmental Research and
Technology, Inc. (1985) prepared a report on safe levels of
arsenic, chromium and lead in soils at the Industri-Plex
Site in July, 1985. GZA conducted investigations for site-
specific purposes (e.g., GZA, 1981, 1982a, 1982b and 1983).
The most comprehensive previous investigation is the RI/FS
prepared by Stauffer (1983, 1984 and 1985).

More recent investigation work has been conducted under the
PDI, the Remedial Design, and the Ground-Water/Surface-
Water Investigation Plan Remedial Investigation (GSIP/RI).
The PDI commenced in February, 1990 and was conducted by
Golder Associates Inc. along with =everal subconsultants
for the ISRT. The Remedial Design was 1initiated shortly
thereafter and was performed by Golder Associates Inc. and
several subconsultants. The Phase I GSIP RI was initiated
in March, 1990 by Roux Associates, Inc. in coni'nction with
other subconsultants for the ISRT. The Phase I GSIP RI was
completed in June, 1991 (Roux, 1991a). A Phase II GSIP RI,
and a GSIP Feasibility Study (GSIP/FS) are currently being
performed. The Phase II GSIP RI is currently scheduled to
be complete by the summer of 1992. Additional groundwater
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treatability studies are also being performed at this time
to evaluate the feasibility of designing a fluidized bed
biological groundwater treatment system (The Advent Group,
Inc., 1991).

5.6.1 Remedial Investigation/Feasibility Study
Stauffer Chemical Company conducted an RI/FS of the Site as

required by the Consent Order of May, 1982. The RI/FS was
conducted in two phases. The objective of the Phase I RI,
which dealt with the entire Industri-Plex Site (as it was
defined at the time), was to determine the type and
location of the waste deposits and to assess their impact
on surface water, groundwater and air. The Phase I RI
report was completed in April, 1983. The objective of the
Phase II RI was to obtain more detail for the areas
containing waste deposits identified in Phase I, and the FS
was to recommend remedial actions for soil/waste deposits,
groundwater and air. The Phase II RI report was completed
in August, 1984, and the FS was completed in April, 1985
(Stauffer, 1984 and 1985).

The field and laboratory programs for the Phase I and Phase
II RI/FS are summarized in Tables 5-2 and 5-3. The RI/FS
subsurface investigation included a total of 1049 soil and
sediment borings/test pits, 87 groundwater wells (including
temporary and pump test wells) and 31 piezometers. Some of
the above work was carried out in areas which are outside
of the present Site boundary. A total of 1458 soil
samples, 110 groundwater samples and 119 air samples were
recovered for subsequent analytical testing. The RI/FS
borehole and test pit 1locations which are within the
present Site boundary are included on Sheets 11-2A through
11-2D.
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The results and conclusions of the RI/FS included the
following (Stauffer, 1985, pp 2-3):

", ..no waste deposits or soil contamination were found
on the 120 acres East of Commerce Way. About 50 acres
of soil contaminated with heavy metals and 20 acres of
hide waste piles and burials were located on the 124
acres West of Commerce Way and in the northwest corner
of the Site. From the findings of the investigation
and subsequent environmental impact and endangerment
assessments, the Site problems were identified as
follows:

o Groundwater contaminated with parts per million
(ppm) levels of benzene and toluene that has the
potential to migrate to the <closed Woburn
municipal drinking wells and exceed EPA’s
Suggested No Adverse Response Level (SNARL),
recommended by the National Academy of Sciences
(NAS), for benzene at this point.

o Odors caused by emissions of hydrogen sulfide
(H,S) gas generated by the anaerobic bacterial
degradation of the East Hide Pile.

o Potential direct human contact exposure to levels
of arsenic (As), lead (Pb), and chromium (Cr), in
the near surface soil, greater than the
calculated safe levels (Appendix F)...."

These RI/FS conclusions are described in more detail by

environmental media in Sections 5.6.1.1 through 5.6.1.3
below.

5.6.1.1 Soil and Waste Deposits
The RI/FS concluded that the waste deposits were generally

buried to a depth of 8 to 10 feet below grade and the area
where soil contains heavy metals 1is generally located
between the MBTA railway and Commerce Way, and from the
Chromium Lagoons/South Hide Pile vicinity to the crest of
the upland along the north boundary of the Site. Heavy
metals were also said to be present in land along New
Boston Street, Merrimac Street, and between New Boston
Street and the MBTA railway on the southwest side of the
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Site. Zinc was found to be the most widespread metal.
Chromium was generally found along with hide residues.
About 25 acres contained chromium concentrations of 100 ppm
or more, and 18 of the 25 acres contained chromium
concentrations of more than 1,000 ppm. Lead was usually
found in combination with arsenic. About 57 acres
contained arsenic and/or lead concentrations of more than
100 ppm, and 29 acres had concentrations of more than 1,000
ppm of one or both metals. In the former Arsenic Pit (11
acres) and the Chromium Lagoons (9.5 acres), metals were
present in the upper 2 feet at concentrations greater than
100 ppm. It was also concluded that there was no evidence
of significant leaching of heavy metals from the waste
deposits into the groundwater directly below the waste
deposits. No waste deposits of benzene, toluene or other
organic compounds were found. Concentrations for organic
compounds were generally at low levels. Hide residues were
found in four distinct areas as follows:

Hide Pile Area Volume
East Hide Pile 3.2 acres 125,000 cu. yds.
West Hide Pile 2.6 acres 50,000 cu. yds.
East Central Hide Pile 5.7 acres 106,000 cu. yds.
South Hide Pile 1.4 acres 60,000 cu. yds.

Totals 12.9 acres 341,000 cu. yds.

"Buried hides" were also found along the Boston Edison
Right-of-Way No. 9.

5.6.1.2 Groundwater

The RI/FS concluded that groundwater flows in a general
north to south direction in buried geologic valleys beneath
the Site. On-Site precipitation is considered to be the
most important source of groundwater recharge. The rate of

groundwater flow downgradient of the Site was estimated to
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be approximately 1 foot per day or less. Shallow
groundwater patterns were considered to be complex due to
the variability in geologic conditions (subsurface bedrock,
ledges, and ridges) topography and permeability. No
domestic wells were identified by Stauffer downgradient
between the Site and the City of Woburn closed wells G and
H. No detectable levels of lead, arsenic and cadmium were
found in the Phase II RI/FS after resampling the Phase I
wells which initially showed 120 parts per billion (ppb)
lead, 120 ppb arsenic and 28 ppb cadmium. No hexavalent
chromium was detected in any groundwater samples. Arsenic,
lead and zinc were found in a few downgradient monitoring
wells at levels in excess of drinking water standards. The
RI/FS concluded that significant leaching of heavy metals
had not occurred and that there was no identifiable plume
of heavy metals. However, benzene and toluene
concentrations up to 32,000 ppb were found in groundwater.
Immediately downgradient of the Site, benzene
concentrations up to 747 ppb and toluene concentrations up
to 177 ppb were found indicating that a plume of these
organic compounds was present.

5.6.1.3 Air
The RI/FS identified the four hide piles as potential
sources of volatile emissions and odor. The East Hide Pile

was determined to be the predominant odor source and
contained so0il gas with hydrogen sulfide concentrations
ranging from 5,600 ppm to 21,000 ppm, and mercaptans up to
400 ppm. Gas emission rates up to 1.25 standard cubic feet
per minute (scfm) were measured. The West Hide pile had
much lower hydrogen sulfide concentrations and measured gas
emission rates (about 250 ppm and of 0.7 scfm,
respectively). No gas emission rates could be measured at
the East Central and South Hide Piles, although localized

odors were observed at uncovered areas in the East Central
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Hide Pile. The RI/FS also concluded that odors and gas
emissions were influenced by changes in Dbarometric
pressure. Total gas emissions from the entire East and
West Hide Piles were estimated at 1.82 scfm and 0.64 scfm,
respectively.

5.6.2 Pre-Desigqn Investigation
The PDI was conducted to obtain additional data required

for design of the remediation for Soil and Sediment,
Groundwater, and Air, as required by the Consent Decree and
the RDAP. The field program for the PDI commenced in
February, 1990.

The Pre-Design Work Plan was developed after a review of
existing data to identify those areas where additional data
were required to support design and implementation of the
remedial actions specified in the Consent Decree. The PDI
tasks, classified by environmental media, are as follows
(Golder, 1989):

a) Soil Remediation

Task S-1 Determine Extent of Hazardous
Substances in Soils

Task S-2 Stability of Hide Piles

Task S-3 Identify Sources of Cap Materials

Task S-4 Foundation Data

b) Groundwater Remediation

Task GW-1 Plume Delineation

Task GW-2 Hydrogeologic Characterization
for Extraction/Recharge System

Task GW-3 Groundwater Treatability

c) Surface Water/Sediments Remediation

Task SW-1 Extent of Hazardous Substances in
Wetlands and Surface Water Sediments

Task SW-2 Surface Water Treatability

Task SW-3 Wetlands Evaluation
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d) Air Remediation

Task A-1 Baseline Air Survey
Task A-2 Gas Treatability.

The Pre—Désign Work Plan included tasks for developing a
site monitoring plan and for surveying. It also included a
Project Operation Plan (POP) which consisted of the Field
Sampling Plan (FSP), the Quality Assurance Project Plan
(QAPjP), and the Health and Safety Plans. The FSP
described the procedures which were used for sample
collection and analysis. The QAPjP described those aspects
of sample collection and analysis which are relevant to
data quality assurance/quality control (QA/QC) and
presented data acceptance criteria. The Health and Safety
Plan presented policies and procedures to assure safe work
practices and identified potential hazards to the field
team during the investigation. Additional work plans were
‘ prepared for specific PDI groundwater tasks (Golder, 1990b,
1990c, 19904, 1990e, 1991a, 1991b; The Advent Group, Inc.,
1991).

Field and laboratory programs for the PDI activities are
summarized by respective tasks in Tables 5-4 and 5-5. The
subsurface investigation for the PDI tasks included a total
of 492 soil borings or test pits, and 62 groundwater
monitoring wells and piezometers, some of which were
temporary. The on-Site borehole, test pit and monitoring
well locations are shown on Sheets 11-2A through 11-2D. A
total of 1,145 soil samples, 66 groundwater samples, and 54
air samples were collected for geotechnical and chemical
testing, excluding quality assurance/quality control
samples.
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The information obtained from the PDI is summarized 1in
Sections 5.7 through 5.10 This information is used in the
Remedial Designs for So0il and Sediment, Groundwater, and
Air.

5.6.3 Ground-Water/Surface-Water Investigation Plan
The Phase I GSIP RI was initiated in February, 1990 for the

ISRT by Roux Associates, Inc. and subconsultants, and was
completed in June, 1991 (Roux, 1991a). The Phase II GSIP
RI is being performed by Roux Associates and subconsultants
for the ISRT.

The Phase I GSIP RI study area included the ISRT Site as
well as contiguous areas. The objectives of the Phase I
GSIP RI were as follows:

Define the groundwater, surface-water and
sediment quality entering the Site;

Define the groundwater, surface-water and
sediment quality leaving the Site;

Determine the potential impacts on downgradient
water use based on the results of the above
objectives; and,

Determine if metals could become mobile in the
future and, if so, what risk they represent to

human health and the environment, including
agquatic organisms and consumers of aquatic
organisms.

Information from the Phase I GSIP RI report was used as
additional input for the Remedial Design. The Phase I GSIP
RI report (Roux, 199l1la) should be consulted for further
information and details. The Phase II GSIP RI (Roux,
1991b) will also collect additional on-Site data for
groundwater, but these data are not available at this time.
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5.7 PHYSICAL SUBSURFACE CONDITIONS

The general geology, geotechnical soil conditions, and
groundwater depths, as they relate to remedial design, are
described in the following sections. These descriptions
are based on data and information presented in the RI/FS,
the PDI, and the Phase I GSIP RI. These reports should be
consulted for further information. Detailed descriptions
of Site geology and hydrogeology as related to the design
of the groundwater extraction system are provided in
Chapter 6.

5.7.1 _Geology
A detailed description of the Site geology is presented in

Chapter 6. The general stratigraphy at the Site, in
ascending sequence, is presented below.

Bedrock

The local bedrock consists of igneous rocks (gabbro and
granodiorite) that have locally undergone metamorphism and
structural deformations to form their metamorphic
equivalents. The upper part of the bedrock is fractured
and becomes more competent with depth. Differential
weathering and erosion of the weaker rocks along faults
produced preglacial valleys in the top of bedrock.

Glacjial Till

The bedrock is overlain by Glacial Till in parts of the
Site. The Glacial Till is discontinuous and the contact
between the till and the bedrock is expected to be
irregular. The till is often thin or absent near the
center of the preglacial valleys where it may have been
removed by erosion. The till thickness generally increases
toward the sides of the preglacial valleys. The maximum
till thickness of about 32 feet was encountered in Borehole
RB18 near the Aberjona River in the northeast part of the

Golder Associates



April 1992 5-34 903-6400

Site. Glacial Till is stripped from the surface of some
bedrock ridges.

The Glacial Till is typically an unsorted, poorly-graded,
coarse~-textured mixture of particles ranging in size from
clay to boulders.

Proglacial Deposits
The proglacial deposits consist of alluvial and/or

lacustrine sediments interbedded with outwash deposits.
Lacustrine and alluvial clay with some interbedded sand and
gravel was deposited in ponded water or marine embayments.
This was followed by deposition of Outwash Sand from
braided streams during glacial retreat. Further alluvial
or lacustrine sediments were deposited during the final
glacial retreat.

The stratified drift (Outwash Sand) consists mainly of well
to poorly sorted sand and gravel with interbedded boulders,
cobbles, silt and clay, which have partially filled the
preglacial valleys. The proglacial deposits are thin or
absent where bedrock is close to the surface along the
sides of the preglacial valleys. The thickness increases
to a maximum of about 70 feet toward the center of the
preglacial valleys and in a southerly direction from the
Site toward Mishawum Road.

The Outwash Sand forms the predominant portion of the
unconfined (water table) aquifer at the Site. 1In general,
the Outwash Sand thickness decreases in the north, and in
the east and west parts of the Site where bedrock is closer
to ground surface. The thickest part of the Outwash Sand
occurs along the axis of the preglacial valleys.
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Postglacial Deposits
The postglacial or recent deposits consist of sand and silt

which is interbedded with gravel, organic matter (including
peat) and silt. The postglacial deposits occur in
topographic low areas occupied by streams and wetlands.

Fill occurs over much of the Site west of Commerce Way.
The fill consists of silty sands, demolition debris, and
chemical manufacturing wastes including animal hide
residue.

5.7.2 Soil Conditions

This section summarizes the results of site-specific
geotechnical investigations which were conducted during the
PDI for the following tasks:

Task S-2 Stability of the Hide Piles
Task S-4 Foundation Data.

The purpose of PDI Task S-2 was to provide the stratigraphy
and geotechnical parameters required to assess the current
slope stability of the East and West Hide Piles, and to

propose appropriate stabilization measures.

The purpose of PDI Task S-4 was to provide the geotechnical
characteristics for potential locations of the groundwater
and gas treatment plants, and also for future Site
development.

The Interim Final Reports for PDI Tasks S-2 and S-4 should
be consulted for further Site geotechnical information.
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5.7.2.1 Field and Laboratory Programs

Field Programs
The field program for PDI Task S-2 at the East and West

Hide Piles was conducted between April 16 and May 29, 1990.
The field program is summarized on Table 5-6 and the
borehole locations are shown on Sheet 5-7. A total of 17
boreholes were drilled and sampled using a hollow stem
auger drill rigqg. Eight borings were drilled at the West
Hide Pile and nine borings at the East Hide Pile. The
boreholes ranged from 8.4 feet to 40.5 feet in depth for a
total of 377.4 feet drilled. Shelby tube, Standard
Penetration Test, and bulk samples were recovered from the
boreholes. Borehole Nos. 6 and 14 were completed as
groundwater monitoring wells OW-31 and OW-32, respectively.
The remainder of the boreholes were backfilled with
cuttings.

The field program for PDI Task S-4, Foundation Data, was
conducted from April through June, 1990, and March, 1991.
The field program is summarized on Table 5-6 and the
borehole and test pit locations are shown on Sheets 11-2A
through 11-2D. A total of 13 boreholes were drilled and
sampled using a hollow stem auger drill rig. A total of 22
test pits were excavated and sampled using a track-mounted
backhoe. The 22 test pits include 3 test pits where a
second test pit was excavated nearby because hide residue
and/or refusal was encountered. The second test pit

numbers are designated with the post-script "a."

Nine of the boreholes for PDI Task S-4 were drilled at
three potential groundwater or gas treatment plant
locations (Boreholes Tl1 to T9), and the other four
boreholes were drilled east of Commerce Way (Boreholes SD1
to SD4). The boreholes ranged from 3.5 to 42.1 feet in
depth for a total of 298.1 feet drilled. Standard
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Penetration Test samples were recovered from the boreholes,
which were backfilled with drill cuttings. The upper ten
feet of bedrock was cored from each borehole at locations
TS through T9.

Twelve of the test pits for PDI Task S-4 were excavated in
the three potential groundwater or gas treatment plant
locations (Test Pits P1 to P10), and the other 10 test pits
were excavated east of Commerce Way (Test Pits P11 to P19).
The test pits ranged from 0.8 feet to 8.0 feet in depth.
Bulk samples were recovered from the test pits, which were
backfilled with the excavated soils.

Further information concerning the field programs and the
borehole and test pit logs is provided in the relevant

reports (Golder, 1990g and 1990h).

Laboratory Progranms

Samples recovered from the PDI Tasks S-2 and S-4 field
programs were returned to Golder Associates Inc.
Geotechnical Laboratory in Mt. Laurel, N.J., and were
selectively tested for index and engineering properties.
The laboratory testing programs are summarized on Table
5-7. Further information concerning the laboratory testing
programs and protocols is provided in the relevant reports
(Golder 1990g and 1990h). The laboratory test results are
summarized on Tables 5-8 and 5-9.

5.7.2.2 Stratigraphy

The following strata, in descending order, were identified
in the PDI Task S-2 and S-4 investigations and inferred
from the descriptions in the RI/FS boreholes.
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Surficial Materials

Undifferentiated and variable Surficial Materials are
generally considered to be fill materials. Along the
margins of wetlands, some of the soils identified as
surficial materials may be of natural origin. Other terms
used in the logs to describe Surficial Materials include
"overburden" and "waste"™. This includes waste from former
chemical manufacturing operations, and demolition debris.

Fill and Hide Residue
Fill and Hide Residue is a mixture of hide residue and

natural soil which was placed in the East and West Hide
Piles. Fill and Hide Residue 1is distinguished from
Surficial Material by the presence of hair. The hide
residue from the animal glue manufacturing process was
originally deposited in the area of the East Central and
South Hide Piles together with other solids and sludge.
During Site grading for land development, these wastes were
excavated, hauled and deposited in the two piles which are
known as the East and West Hide Piles. The waste materials
were probably mixed with natural soils as a consequence of
this operation and therefore the term "Fill and Hide
Residue" is used to reflect the origin and composition of
the East and West Hide Pile materials.

Outwash Sand

Outwash Sand 1s an undisturbed natural deposit of
proglacial origin which is visually distinguished from the
overlying Fill and Hide Residue by its texture, color, and
absence of hair.

The proglacial deposits described in Section 5.7.1,

Geology, are referred to collectively as Outwash Sand for
geotechnical purposes.

Golder Associates



April 1992 5-39 903-6400

In some of the RI/FS boreholes, a stratum which was
described as "peat" was encountered at the top of the
Outwash Sand. However, the sample descriptions from the S-
2 and S-4 investigations indicate that this material
contains soil constituents as well as organic matter. It
is considered that this material was the original topsoil
which was 1left in place when Fill and Hide Residue were
placed over it. For geotechnical purposes, the
classification of "peat" does not appear to be appropriate
and therefore this material has been reclassified as
organic soil. However, peat was identified in other areas
of the Site between the Outwash Sand and fill.

Glacial Till

Glacial Till is an undisturbed natural deposit of glacial
origin which is visually distinguished from the overlying
Outwash Sand by gradation, color, and density.

The geotechnical characteristics of these stratigraphic
units are described in Sections 5.7.2.3 to 5.7.2.6, and
selected geotechnical cross-sections at the East and West
Hide Piles are shown on Sheets 5-7 and 5-8. The
groundwater conditions are discussed in Section 5.7.3.
Geotechnical laboratory test results are presented in
Tables 5-8 and 5-9.

5.7.2.3 East and West Hide Piles

Surficial Material

The Surficial Materials on the East and West Hide Piles
generally consist of relatively uniform, 1loose to very
loose SILT and fine to coarse SAND with a trace of CLAY.
Coarser textured samples contain a 1little fine GRAVEL.
Finer textured samples consist of SILT with some fine to
medium SAND. Plasticity test results indicate the
Surficial Materials to be non-plastic (see Table 5-8). The
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presence of organic matter is shown by organic content test
results of 7.0 and 8.1 percent on two samples tested. The
Surficial Material is classified as SM or ML under the
Unified Soil Classification System (USCS).

Surficial Material was encountered less frequently around
the East Hide Pile and was coarser-textured (SM). Oonly
one of the nine PDI boreholes on the East Hide Pile
(Borehole 12 on top of the East Hide Pile - see Sheets 5-7
and 5-8) contained Surficial Material with a thickness of
2.5 feet. Surficial Material, 4.0 to 7.5 feet in
thickness, was encountered in six of the eight PDI
boreholes at the West Hide Pile, and was absent in

Boreholes 3 and 6.

Results from a consolidated-undrained triaxial shear
strength test with pore pressure measurement indicates the
following effective shear strength parameters for the

Surficial Material:

Effective cohesion 1 psi

Effective angle of 30 deg.
shearing resistance

However, the Surficial Material is basically a non-plastic
silt and fine sand, which is expected to behave as a
cohesionless soil in terms of effective stresses. Standard
Penetration Test ‘N’ values range of 1 to 14 blows per
foot. Based on the work of Schmertmann (1975), an
effective angle of shearing resistance of 25 degrees was
estimated. The more conservative value of 25 degrees with
zero cohesion was recommended for remedial design purposes
(Golder, 1990qg). A typical saturated unit weight of 100
pounds per cubic foot (pcf) was also recommended for the
Surficial Material.
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The typically loose condition of this Surficial Material is
indicative of a relatively high compressibility. Based on
the work of Nishida (1956), a compression index (C_.) of 0.5
was estimated.

The engineering properties of the Surficial Materials,
recommended for use in design, are summarized as follows
(Golder, 1990g):

Unit Weight (saturated) 100 pcf
Effective Shear Strength Parameters:
- Angle of shear resistance 25 degrees
- Cohesion zero
Compression Index 0.5

Fill and Hide Residue

The Fill and Hide Residue at the East and West Hide Piles
generally consisted of loose to compact, silty, fine to
coarse SAND with a little to some fine GRAVEL, a trace of
CLAY, and variable amounts of organic matter and hair.
Occasional cobbles and wood fragments were also present in
this heterogeneous material. Plasticity tests indicate
that the Fill and Hide Residue is typically non-plastic

(see Table 5-8). Test results for organic content range
from 0.6 to 19.1 percent. The Fill and Hide Residue is
classified as SM or SP-SM under the USCS. The general

similarity between the grain size distributions for the
Fill and Hide Residue and the Outwash Sand suggests that
the Outwash Sand was the source for the soil component in
the Fill and Hide Residue.

Fill and Hide Residue ranging from 10.0 to 38.5 feet in
thickness was encountered in six of the nine PDI boreholes
at the East Hide Pile (see Sheets 5-7 and 5-8). Fill and
Hide Residue was absent in Boreholes 14, 16 and 17 along
the south side of this hide pile. At the West Hide Pile,
Fill and Hide Residue ranging from 5.0 to 18.7 feet in
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thickness was encountered in four of the eight PDI
boreholes. Fill and Hide Residue was absent in Boreholes
4, 5, 7 and 8 on the West Hide Pile.

Wet unit weights determined from Shelby tube samples of
Fill and Hide Residue range from 65 to 130 pcf (see Table
5-8). Natural water contents of these samples vary from
14.4 to 36.2 percent, with corresponding dry unit weights
of 49.5 to 108.2 pcf. The wide range of water content and
density values was considered to be partly due to the
varying degree of saturation probably resulting from
perched water tables within the hide piles. A conservative
value of 125 pcf was recommended for design in order to
allow for possible saturation under future field conditions
(Golder, 1990g).

Triaxial shear strength tests were conducted on undisturbed
Shelby tube samples and on samples remolded to field
density and water content. Consolidated-drained tests and
consolidated-undrained tests with porewater pressure
measurement were performed. The shear strength parameters
were also estimated from the Standard Penetration Test
(SPT) ‘N’ values using the work of Schmertmann (1975). The
SPT ‘N’ wvalues typically ranged from 3 to 11 blows per foot
near the top of the Fill and Hide Residue, and increased
with depth to 10 to 36 blows per foot at about 30 foot
depth. The shear strength parameters estimated from the
triaxial test results and from the SPT ‘N’ values were as

follows:
Triaxial SPT ‘N’
Tests Values
Effective Cohesion 2 psi 0
Effective Angle of 37 deg. 35 deg.

Shearing Resistance
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An effective angle of shearing resistance of 34 degrees
with zero cohesion was recommended for design purposes for
the Fill and Hide Residue (Golder, 1990g).

The results of one-dimensional consolidation tests on
samples of the Fill and Hide Residue indicated a
compression index (C_.) ranging from 0.07 to 0.34. A
compression index value of 0.3 was recommended for design
purposes (Golder, 1990g).

The engineering properties of the Fill and Hide Residue,
recommended for use in design, are summarized as follows
(Golder, 19909g):

Unit Weight (saturated) 125 pcf
Effective Shear Strength Parameters:
- Angle of shear resistance 34 degrees
- Cohesion zero
Compression Index 0.3

Outwash Sand

The Outwash Sand at the East and West Hide Piles generally
consists of compact to dense, uniform, fine to medium SAND
with 1little SILT. The Outwash Sand is typically non-
plastic. Test results indicated organic contents ranging
from 0.8 to 8.1 percent (see Table 5-8). The Outwash Sand
was classified as SM or SP-SM under the USCS.

In some of the RI/FS boreholes, a layer approximately 1
foot thick and designated as "peat" was recorded between
the Outwash Sand and the overlying Fill and Hide Residue.
The descriptions indicate that this material was a variable
clayey sand which contained root matter. It is considered
that this material was probably the original organic
topsoil which was left in place when the Fill and Hide

Residue was deposited. For engineering purposes, this
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laterally discontinuous layer has been reclassified as
"organic clayey sand" and is not described separately.

In the East Hide Pile, Outwash Sand thicknesses of 0.7 to
13.0 feet were encountered in the four boreholes which
penetrated through this stratum. The remaining five
boreholes penetrated 0.4 to 7.0 feet at termination in the
Outwash Sand. Borehole 12 was terminated by auger refusal
after penetrating 0.4 feet into the Outwash Sand.

In the West Hide Pile, Outwash Sand thicknesses of 5.0 and
6.0 feet were encountered in Boreholes 3 and 7 which
penetrated through this stratum. The remaining six
boreholes penetrated 4.4 to 8.3 feet at termination in the
sand. Borehole 8 was terminated by auger refusal after
penetrating 4.4 feet into the Outwash Sand.

SPT ‘N’ values for the Outwash Sand typically ranged from
10 to 40 blows per foot, indicating a compact to dense
condition.

The engineering properties of the Outwash Sand, recommended
for use 1in design, are summarized as follows (Golder,
1990q) :

Unit Weight (saturated) 120 pcf
Effective Shear Strength Parameters:
- Angle of shearing resistance 36 deg.
- Cohesion Zero

Glacial Till

The Glacial Till at the East and West Hide Piles generally
consist of dense to very dense, broadly-graded, fine to
coarse SAND with some GRAVEL, 1little SILT and a trace of
CLAY. The till is non-plastic and is classified as SW or
SM under the USCS. SPT ‘N’ values in the Glacial Till
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ranged from 31 to more than 100 blows per foot indicating a
dense to very dense condition.

It is noted that the grain size distribution test results
were based on samples recovered from the Standard
Penetration Test split spoon which has an inside diameter
of 1.375 inches. The maximum particle size recovered by
the sampler is therefore expected to be smaller than the
maximum particle size of the Glacial Till "in situ". The
till is expected to contain coarse gravel, cobbles and
boulders, and these coarse materials probably contributed
to the high SPT ‘N’ values.

Boreholes 14, 16 and 17 at the East Hide Pile penetrated
2.3 to 5.0 feet into the till stratum. No Glacial Till was
recorded in Borehole 13 where the Outwash Sand was
underlain by bedrock. Borehole 14 was terminated by auger
refusal after penetrating 2.3 feet into the till.
Boreholes 3 and 7 at the West Hide Pile penetrated 3.2 and
4.5 feet into the Glacial Till, and were terminated without
auger refusal.

The engineering properties of the Glacial Till, recommended
for use 1in design, are summarized as follows (Golder,
1990qg) :

Unit Weight 125 pcf
Effective Shear Strength Parameters:
- Angle of shearing resistance 37 degq.
- Cohesion Zero

Bedrock

Borehole 13 was the only PDI Task S-2 borehole drilled to
bedrock at the East and West Hide Piles. This borehole
penetrated 0.8 feet into weathered bedrock.
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5.7.2.4 Potential Treatment Plant by West Hide Pile
A potential treatment plant location was investigated

adjacent to and south of the West Hide Pile. Borehole and
test pit 1locations are shown on Sheet 5-7. The
stratigraphy, in descending order, consists of Surficial
Material, Outwash Sand and Glacial Till.

Surficial Material

The Surficial Material was classified as "fill" on the PDI
borehole and test pit logs, and as "waste" on the RI/FS

borehole logs.

Two different types of fill were identified in the
boreholes and test pits. The first type is a predominantly
gravel and sand fill, with bricks and clay; and the second
type is a multi-colored predominantly sandy silt to sandy
clay. The gravel and sand fill with bricks and clay was
encountered in thicknesses up to 6.5 feet in Borehole 7 and
in Test Pits P5, P6 and PS8. SPT ‘N’ values of 10 and 14
blows per foot recorded in Borehole 7 indicate that this
fill is in a compact condition. Index test results for a
sample of this fill indicate that it is a coarse to fine
GRAVEL with some SAND and non-plastic SILT which was
classified as GM under the USCS (see Table 5-9).

The multi-colored sandy silt to sandy clay fill was
encountered in thicknesses of up to 5.5 feet in Boreholes
8, T3, 47/31, 48/32 and 48/34, and also in Test Pits P7 and
P8. The multiple colors of this fill ranged from beige to
maroon to reddish brown. SPT ‘N’ values of 2 blows per
foot indicate that this fill is in a very loose or very
soft condition. The f£fill thicknesses in the boreholes
range from 4.0 to 7.5 feet. The test pits did not
penetrate to the bottom of the fill due to the high
groundwater table. Index test results indicate that it
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consists of SAND and SILT with little fine GRAVEL, giving a
USCS classification of SM or ML (see Table 5-9).

Outwash Sand
The fill material is underlain by Outwash Sand in Boreholes

T3, 7, 8 and 47/31. The Outwash Sand is typically grayish,
medium to fine SAND with a trace of SILT. SPT ‘N’ values
of 23 to 38 blows per foot indicate a compact to dense
condition.

Outwash Sand +thicknesses of 5.0 and 6.5 feet were
encountered in Boreholes 7 and T3 which penetrated the
bottom of this stratum.

Index test results for a sample of Outwash Sand indicate a
uniform, non-plastic fine to medium SAND with a
classification of SP under the USCS (see Table 5-9).

The following engineering properties were recommended for
preliminary foundation design of a treatment plant by the
West Hide Pile (Golder, 1990h):

Saturated Friction
Unit Weight Angle Cohesion
(pcf) (deq.} (psf)
Surficial (Fill) 100 0 0
Outwash Sand 125 36 0
Glacial Till 130 40 0

The conclusions of the PDI Task S-4 for potential treatment
plant foundations by the West Hide Pile were as follows
(Golder, 1990h):

- The surficial (fill) material was considered to
be an unsuitable foundation bearing stratum due
to its heterogeneity and poor engineering
properties;
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- The Outwash Sand and the underlying Glacial Till
were both considered to be suitable foundation
strata;

- Extensive dewatering would be required to
construct spread footing foundations in the
Outwash Sand because of high groundwater
conditions. Spread footings were therefore not
considered to be a practicable, cost-effective
alternative;

- Pile foundations driven to refusal into the
Outwash Sand and/or underlying till were
considered to be the most suitable foundation
type for this location; and,

- The friction component of pile bearing capacity
in the surficial fill material should be
neglected.

5.7.2.5 Potential Treatment Plant by East Hide Pile
A potential gas treatment plant location was investigated

adjacent to and east of the East Hide Pile. Borehole and
test pit locations are shown on Sheet 5-7. The
stratigraphy at this site, in descending order, consists of
Surficial Material (overburden) and bedrock.

Surficial Material

The Surficial Material was classified as "overburden" on
the PDI borehole and test pit 1logs. The overburden
consists of topsoil, weathered rock, and possibly Glacial
Till and fill.

Topsoil and roots, about 0.5 feet in thickness, generally
at the surface. The underlying overburden is typically a
brown to grey medium to fine SAND with occasional cobbles.
SPT ‘N’ values of 8 to 26 blows per foot indicate a loose
to compact condition. Few samples of the overburden were
recovered for laboratory testing because of the shallow
depth to bedrock. Index test results on one SPT sample of

overburden show that it is a non-plastic SAND with little
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SILT and a USCS classification of SP-SM (refer to Table
5-9). Oversize material such as coarse gravel, cobbles and
boulders with a diameter up to about 3 feet were

encountered in the overburden.

The overburden thickness was highly variable, ranging from
zero, where the bedrock outcrops, to 1.0 foot in Test Pit
P3 and 4.0 feet in Test Pit P1lA. It is roughly estimated
that the overburden could locally be 12 to 14 feet thick.

Bedrock

The flight auger boreholes encountered refusal after
penetrating 1.0 to 1.5 feet into the weathered bedrock.
All test pits except Test Pit Pl were terminated where
bedrock was encountered at depths of 1.0 to 4.0 feet below
ground surface. Test Pit Pl was terminated and backfilled
immediately when hide residue was encountered at 1.5 foot
depth.

The conclusions of the PDI Task S-4 for potential treatment
plant foundations by the East Hide Pile were as follows
(Golder, 1990h):

- Shallow foundations (footings or mats) bearing on
slightly weathered bedrock were recommended;

- Experience indicates that this type of rock can
develop an allowable bearing capacity in the
order of 4 to 10 tons per square foot;

- In no case should the foundation be constructed
partly on overburden and partly on rock, in order
to avoid differential settlements;

- The bottom of the excavations into suitable rock
may have to be stepped, and in no case should the
foundations be constructed on an inclined rock
surface; and,
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- It is essential that the bottom of the foundation
excavations be inspected by an experienced
geotechnical engineer to verify that slightly
weathered, moderately Jjointed rock has been
reached on the entire foundation area.

Oversize material (cobbles and boulders) can be expected in
the overburden excavations, and the top of bedrock is

expected to be irregular.

5.7.2.6 Potential Treatment Plant by Chromium Lagoons

A potential groundwater treatment plant location was
investigated adjacent to and north of the Chromium Lagoons.
Borehole and test pit 1locations are shown on Sheet 5-7.
The stratigraphy at this site, 1in descending order,
consists of Surficial Material (fill), Outwash Sand,
Glacial Till and bedrock.

Surficial Material

The Surficial Material was classified as "fill" on the PDI
borehole and test pit logs, and as "waste" on the RI/FS
borehole logs. The fill is predominantly a variable color,
silty SAND and GRAVEL with 1localized clay =zones, and
included slag and bricks. The variability of the fill is
further indicated by the SPT ‘N’ values which range from 2
to 37 blows per foot and generally increase with depth.
The ‘N’ values indicate the fill material varies from very
loose to dense. Index test results on three samples of the
fill material show that it consists of non-plastic fine to
coarse SAND with some GRAVEL and some SILT, and is
classified as SM under the USCS. Specific gravity and
Modified Proctor compaction tests on a sample of fill
material indicates a high specific gravity of 3.63, and a
maximum dry density of 127.0 pcf at an optimum moisture
content of 15.0 percent (see Table 5-9).

Golder Associates



April 1992 5-51 903-6400

Fill material was encountered in all boreholes and test
pits. All boreholes penetrated through the £fill, which was
8 to 10 feet thick. Test pits did not penetrate to the
bottom of the fill because of the high water table. Test
Pit P10 encountered a buried pipe and concrete casing at a
depth of 3 to 4 feet. The test pit was moved east of the
originally proposed location because of an abandoned
concrete slab foundation.

A thin, discontinuous 1layer of "peat" was recorded on
several of the RI/FS borehole logs at this location. The
material was encountered between the fill and the
underlying Outwash Sand. For engineering purposes, this
layer 1is interpreted as organic silt. The 1layer is
generally less than 1 foot thick.

Testing of the fill for sulfate content indicates that it
locally contains greater than 2,000 ppm sulfate.
Foundation materials might also be in contact with hide
residue containing organic acids. Therefore, the fill
should be considered to be a corrosive environment to

certain types of concrete and steel.

OQutwash Sand

The surficial (fill) material is underlain by Outwash Sand.
The Outwash Sand is typically a uniform, non-plastic,
medium to fine SAND with a trace of SILT. SPT ‘N’ values
range from 6 to 35 blows per foot. Index test results for
samples of the Outwash Sand show it to be a non-plastic,
uniform SAND classified as SP under the USCS (refer to
Table 5-9).

This stratum appeared to decrease in thickness in a
north/northwest direction from 22 feet to 2 feet.
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Glacial Till

The Outwash Sand is underlain by Glacial Till. The till is
typically olive to grey SAND with minor amounts of GRAVEL
and SILT. SPT ‘N’ values of 41 to more than 100 blows per
foot indicate a dense to very dense condition. However,
the high ‘N’ values may also have been caused by coarse
gravel, cobbles and boulders in the till which were not

recovered in the 1.375 inch diameter SPT sampler.

The till varies in thickness from 2 to 19 feet.

Bedrock

Borehole OW-14 penetrated 16.0 feet 1into the bedrock.
Borings TS through T9 each encountered bedrock at depths of
10 to 32 feet. The bedrock consists of slightly to
moderately weathered METAGABBRO.

The conclusions of the PDI Task S-4 for the treatment plant
foundations by the Chromium Lagoons were as follows
(Golder, 1990h):

- The surficial (fill) material was considered to
be an unsuitable foundation soil due to its
heterogeneity and poor engineering properties;

- The underlying Outwash Sand and/or Glacial Till
strata were considered to be competent foundation
soils for spread footing or driven pile
foundations;

- The‘ groundwater table is in the Surficial
Material and, therefore, dewatering of the
excavation would be required to <construct
footings in the Outwash Sand;

- Pile foundations driven to refusal in the Outwash
Sand and/or Glacial Till are an alternative to
spread footings; and,

- Other factors to be considered when selecting the

foundation type are as discussed 1in Section
5.7.2.4 for the West Hide Pile.
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The property on which the Chromium Lagoons are located is
known to contain underground utilities and also abandoned
facilities above grade (see Sheets 5-3C, 5-4 and 5-5). The
underground utilities include abandoned water supply,
process watér, waste water lines, electrical conduits, and
an in-service sanitary sewer. The type and location of
abandoned underground utilities was obtained from
correspondence, reports and drawings prepared by others.
The number and type of abandoned underground utilities
shown on Sheet 5-5 may be incomplete and the locations are
approximate.

The following engineering properties were recommended for
preliminary foundation design for a potential treatment
plant by the Chromium Lagoons (Golder, 1990h):

Saturated Friction
Unit Weight Angle Cohesion
(pcf) (deqg.) (psf)
Surficial (Fill) 100 0 0
Material
Outwash Sand 125 36 0
Glacial Till 130 40 0

5.7.2.7 Future Site Development Area

The area investigated for future Site development is
between Commerce Way and Interstate 93 (see Sheet 5-7).
The geotechnical information indicates that socil conditions
vary significantly across this area (Golder, 1990h). The
stratigraphy varies locally within this area. The strata
encountered in descending order consisted of Surficial
Material, Outwash Sand, Glacial Till and bedrock. However,
some of these strata were locally very thin or absent. The
following is a general description of the soil conditions

based on data obtained from relatively few geotechnical
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boreholes and test pits which were widely spaced across the

70 (+/-) acre area.

Surficial Material

The Surficial Material was classified as "topsoil, fill or
overburden" in the PDI borehole and test pit logs, and as
"fill" in the RI/FS borehole logs. Except for 0.5 to 1.0
feet of topsoil encountered in Test Pits P11 and P12, no
Surficial Material'was encountered in the northeastern part
of the Site. In the east-central part of the Site,
Surficial Material 2.8 to 9.0 feet thick was encountered in
Test Pits P16, P18 and P18A, and in RI/FS Boreholes OW-4

and OW-16. The Surficial Material consists predominantly
of boulders and cobbles. No Surficial Material was
recorded in Test Pits P15 and P1l7. In the southeastern

part of the Site, Surficial Material, 0.7 to 14 feet in
thickness, was encountered. A 2.0-foot layer of Surficial
Material in Test Pit P19 consisted of cobbles and boulders.
This material is probably rock fill from the previous
bedrock quarry operation in this vicinity. RI/FS Borehole
OW-5 at the south side of Phillips Pond encountered 11 feet
of "silty peat" below 3.0 feet of fill.

OQutwash Sand

Outwash Sand, 2.5 feet to more than 7.0 feet in thickness,
was encountered below ground surface in six of the seven
boreholes and test pits in the northeastern part of the
Site. Outwash Sand was absent in Borehole OW-2 where
Glacial Till was exposed at ground surface. In the east-
central part of the Site, Outwash Sand thicknesses of 2.5
to 17.5 feet were recorded in three of the eight boreholes
and test pits. Test Pits P18 and 18A were terminated in
the overlying Surficial Material. Outwash Sand was absent
in Borehole SD-1 or in Test Pits P16 and P17. In the

southeastern part of the Site, Outwash Sand thicknesses
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range from 2.5 feet to more than 27.05 feet in four of the
five boreholes and test pits. Outwash Sand was absent in
Test Pit P19.

Index test results for four samples of the Outwash Sand
indicate that it consists of uniform medium to fine SAND
with 1little to some non-plastic SILT. The sand is
classified as SM under the USCS. SPT ‘N’ values ranged
from 5 to 21 blows per foot indicating a loose to compact
condition.

Glacial Till

In the northeastern part of the Site, Glacial Till
thicknesses range from 5.0 to 10.0 feet in Boreholes OW-2
and OW-3 which penetrated through this stratum. The till
was penetrated to thicknesses of 2.2 feet to 12.5 feet in
Borehole SD-4 and Test Pits P12 and P1l4. Till was not
encountered in Test Pit P11 which was terminated in the
overlying Outwash Sand.

In the east-central part of the Site, Boreholes OW-4 and
OW-16 penetrated through 7.5 to 13.5 feet of till into the
underlying bedrock. Borehole SD1 was terminated after
penetrating 21.0 feet into the till. Glacial Till was not
recorded in Test Pits P16 and P17.

In the southeastern part of the Site, Boreholes SD2, OW-5
and OW-15 penetrated through 2.0 to 9.5 feet of Glacial
Till into the underlying bedrock. Boreholes SD3 and Test
Pit P19 were terminated in strata overlying the Glacial
Till. Till was not encountered in Test Pit P19 where

bedrock was directly overlain by Surficial Material.

Index test results for 3 samples of the till indicate that
it consists of broadly-graded, non-plastic, fine to coarse
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SAND and GRAVEL with a little to some SILT. The till is
classified as GW-GM to SM under the USCS. The Glacial Till
is expected to contain oversize material such as coarse
gravel, cobbles and boulders which could not be recovered
in the 1.375 inch diameter SPT sampler. The SPT ‘N’ values
for the Glacial Till ranged from 34 to over 100 blows per
foot indicating that the till is dense to very dense. It
is expected that oversize material in the till contributed

to the high penetration resistance.

Bedrock

The depth to bedrock varied widely across the future Site
development area. In the northeastern part of the Site,
the top of bedrock is 7.5 to 10.0 feet below ground surface
in Boreholes OW-2 and OW-3. The other boreholes and test
pits were terminated before bedrock was reached at depths
ranging from 5.8 to 17.0 feet.

In the east-central part of the Site, weathered bedrock
outcropped at ground surface at Test Pit P17. Bedrock was
encountered at 3.5 to 34 feet below ground surface in Test
Pit P16 and Boreholes OW-4 and OW-16. Backhoe bucket
refusal at 2.8 feet below ground surface in Test Pit P18
was probably close to the bedrock contact. Borehole SD1
and Test Pit P15 were terminated above the top of bedrock,
at depths of 22.0 and 6.0 feet.

In the southeastern part of the Site, bedrock was
encountered at between 2.0 and 24.5 feet below ground
surface in Test Pit P19 and in Boreholes OW-5 and OW-15.
Boreholes SD2 and SD3 were terminated above the top of
bedrock at depths of 6.5 and 27.75 feet.
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The conclusions of the PDI Task S-4 for the foundations in
the future development area east of Commerce Way were as
follows (Golder, 1990h):

- The investigation has shown that soils having
sufficient bearing capacity to support shallow
foundations generally exist within 3 to 8 feet
below ground surface;

- Shallow foundations such as spread footings or
mats would probably be most economical where the
groundwater table is not close to ground surface;

- Where groundwater is close to surface, driven
pile foundations may be more economical than
shallow foundations because of the extra cost of
excavation and dewatering for shallow
foundations; and,

- More specific recommendations were not considered
to be appropriate at this stage due to the
significant variability of the Surficial
Materials and the relatively small amount of
geotechnical information available.

Site-specific factors such as depth to bedrock, and the
presence of cobbles and boulders in the Surficial Materials
should also be considered 1in selecting the foundation
types.

5.7.3 Groundwater Conditions

Groundwater conditions observed in the PDI Task S-2 and S-4
boreholes and test pits are summarized in this section.
The groundwater elevations are approximate because in most
cases the depth to groundwater was recorded during or upon
completion of the borehole or test pit.

5.7.3.1 East and West Hide Piles

Groundwater was observed in all the boreholes at the East
and West Hide Piles. Except for Task S-2 Boreholes 5, 12,
13, and 15, the groundwater elevations observed during or
after drilling were within 3 feet below the water level in
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the adjacent wetland. However, the groundwater elevation
in Borehole 12 measured 2 days after drilling was about
11.5 feet above the water elevation in the wetland. The
groundwater elevation observed in Borehole 13 during
drilling was 1.5 feet above the water elevation in the
wetland. Water levels observed during drilling were
considered to be lower than water levels which would be
observed at a later date due to the time required for
groundwater to enter the borehole and come to equilibrium.
The observed water levels indicate that groundwater
conditions were controlled by water elevations in the
wetlands, and also that there was some mounding of the
water table and possibly perched water tables within the
hide piles.

5.7.3.2 Potential Treatment Plant by West Hide Pile
Groundwater was observed in all boreholes and test pits

within 0.3 to 3.5 feet below ground surface at the location
of this potential treatment plant. The corresponding
groundwater elevations were within 2.0 feet below the water
elevation in the adjacent wetland. This groundwater depth
range was in the upper part of the Surficial Material
described in Section 5.7.2.4 and is therefore significant
in relation to Site grading and excavation for shallow
foundations and selection of foundation type. Much of this
treatment plant site was flooded during the investigation.
The 4 test pits were terminated at depths of 0.3 to 2.3
feet due to sloughing in high groundwater conditions.

5.7.3.3 Potential Treatment Plant by East Hide Pile
This area is well-drained and is situated on high ground

where the bedrock locally outcrops. Groundwater was not
observed in any of the boreholes or test pits at this site.
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5.7.3.4 Potential Treatment Plant by Chromium Lagoons
Groundwater was observed in all the boreholes and test pits

at depths of 4 to 8.5 feet below ground surface, which is
within the lower 0 to 2 feet of the Surficial Material. As
for the treatment plant site by the West Hide Pile, the
groundwater elevation is significant in relation to design
of excavations and selection of foundation type. Both test
pits were terminated at depths of 5.0 and 7.0 feet due to

sloughing of the pit walls and groundwater conditions.

5.7.3.5 Future Site Development Area
In the northeastern part of the Site, groundwater was

observed at depths of 4.0 and 7.0 feet below ground surface
in Test Pits P11 and P13, and the soil sample recovered at
5.0 foot depth in Borehole SD4 was described as

"saturated". These depths correspond to groundwater
elevations ranging from 64.6 feet to 66.6 feet. Test Pits
P11l and P13 were terminated due to sloughing. No

groundwater was observed to depths of 8.0 feet and 6.0 feet
below ground surface in Test Pits P12 and P13. These
depths correspond to test pit bottom elevations of 65.9
feet and 65.2 feet, respectively.

In the east-central part of the Site, groundwater was
observed at depths of 2.3 to 7.8 feet below ground surface
in Borehole SD1 and in Test Pits 15, 17 and 18A. These
depths correspond to groundwater elevations ranging from
64.8 feet to 72.5 feet. Test Pits P15 and P18A were
terminated at depths of 4.5 and 7.8 feet below ground
surface due to sloughing. No groundwater was observed to
depths of 2.8 and 7.0 feet below ground surface in Test
Pits P16 and P18, which corresponds to test pit bottom
elevations of 66.9 feet and 69.7 feet respectively.
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In the southeastern part of the Site, groundwater was
observed in all the boreholes and test pits at depths of
2.0 to 9.6 feet below ground surface. These depths
correspond to groundwater elevations ranging from 63.3 feet
to 66.4 feet, respectively. Test Pit P19 was terminated at
7.5 foot depth below ground surface due to sloughing.
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5.8 PHYSICAL HYDROGEOLOGY

This section summarizes the physical hydrogeological site
characterization studies which were conducted to assess
groundwater flow patterns and aquifer conditions to support
the Remedial Design for the groundwater extraction and
recharge systems. A detailed description of hydrogeologic
condition at the Site is presented in Chapter 6.

The following PDI tasks were implemented in order to obtain
additional data to supplement that collected during the
RI/FS (Stauffer, 1983, 1984, 1985) for design of the remedy
for groundwater (Golder, 1989):

Task GW-1 Plume Delineation (Golder, 1991c, and
19914)
Task GW-2 Hydrogeological Characterization for

the Extraction/Recharge System (Golder,
1990f, 1991e, 1991f)

Task GW-3 Groundwater Treatability (Golder,
1991q)

The objective of Task GW-1, Plume Delineation, was to
supplement the data from the RI/FS to assess the extent of
Hazardous Substances in the unconsolidated deposits.
These data, together with information obtained from the
RI/FS and the Phase I GSIP RI, provide input for the
location and design of the extraction system. These data
were also used to select the location of the aquifer pump
test for Task GW-2.

The objective of Task GW-2, Hydrogeclogical
Characterization for the Extraction/Recharge System, was to
provide the aquifer data and hydraulic coefficients
required for design of the extraction and recharge systems.
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The purpose of the PDI Slug Test investigation was to
determine the spatial variability of the hydraulic
conductivity due to aquifer heterogeneities identified in
the area proposed for the 1location of the groundwater
extraction system. The second aquifer pumping test was
intended to provide aquifer parameters in the location of
the proposed extraction system, to perform a pilot test of
part of the pumping system, and to provide information on
the unconfined aquifer in an area where there were
stratigraphic data gaps.

Task GW-3 did not provide data on the physical hydrogeology
of the Site.

The Phase I GSIP RI (Roux, 1991la) performed several rounds
of groundwater level measurements which were also
considered in assessing the physical hydrogeology of the
Site.

The PDI Tasks GW=-1, GW-2, and GW-3 reports, and the Phase I
GSIP RI (Roux, 1991a, 1991b) should be consulted for
further information.

For the purposes of this presentation, the Supplemental
Pre-Design Investigation of the Arsenic Pit and Chromium
Lagoons (Golder, 1991d) has been included in Task GW-1 and
the second aquifer pumping test (Golder, 1991f) has been
included in Task GW-2.

5.8.1 Field and Laboratory Programs
The field programs for PDI Tasks GW-1 and GW-2 are outlined

below.
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5.8.1.1 Fjeld Programs
sk GW- ume Deljneation

The field program for Task GW-1, Plume Delineation, as
described in the PDI Work Plan consisted of several
subtasks to assess the areal and vertical extent of
Hazardous Substances in groundwater in the unconsolidated
deposits on-Site and also downgradient of the Site. The
subtasks were as follows (Golder, 1991c):

Subtask 1 Determination of Aquifer Thickness and
Boundaries;

Subtask 2 Installation of PDI Phase 1 Monitoring
Wells;

Subtask 3 Sampling of PDI Phase 1 Monitoring
Wells;

Subtask ¢ Installation of PDI Phase 2 Monitoring
Wells; and,

Subtask 5 Sampling of PDI Phase 2 Monitoring
Wells.

Subtask 1 included aerial photograph interpretation and
field mapping to identify bedrock outcrops. Twenty-one
boreholes (ATB1 through ATB21) were drilled to bedrock to
determine the thickness, boundaries and 1lithology of the
unconsolidated deposits. The ATB boreholes were drilled
with a hollow stem auger drill rig. Soil samples were
obtained at 5-foot depth intervals with a split spoon
sampler. When refusal to auger drilling occurred, the top
of bedrock was verified by coring through the hollow stem
augers approximately 3 feet into the bedrock. The
boreholes were backfilled with bentonite grout injected
through a tremie pipe.

Golder Associates



April 1992 5-64 903-6400

In Subtask 2, fourteen Phase 1 monitoring wells were
installed at eight locations downgradient of the Site. The
wells were installed to determine the extent of benzene,
toluene and other substances in the groundwater, and also
to better assess the thickness and boundaries of the
unconsolidated deposits. The locations for the Phase 1
monitoring wells were selected from review of hydrogeologic
and water quality data available from the Phase I GSIP RI
and also Subtask 1 of Task GW-1. Phase 1 wells were
identified as OW-23 through OW-27, OW-29, OW-30 and OW-33.
Two additional monitoring wells, OW-31 and OW-32, were
installed during PDI Task S-2, Stability of Hide Piles
(Golder, 1990c). Except for OW-23, OW-29, OW-31 and OW-32,
a two-well cluster, identified by the suffixes "A" and "B,"
was installed at each location. These well clusters were
installed at separate depths within the saturated,
unconsolidated deposits to better assess any possible
stratification of Hazardous Substances and vertical
components of groundwater flow. The screened depth
intervals were selected in the field on the basis of
greater permeability indicated by visual sample inspection,
and/or zones which exhibited high concentrations of total
Volatile Organic Compounds (VOC’s) as determined with a
photoionization detector.

All but four of the Subtask 2 (Phase 1) monitoring wells
were installed with a hollow stem auger. Dual rotary
drilling equipment was required to penetrate the Glacial
Till. Split spoon samples were obtained from the
unconsolidated deposits and core samples were obtained from
the upper 3 feet of the bedrock. The monitoring wells
consisted of 4-inch diameter Schedule 40 flush-joint
polyvinylchloride (PVC) casing with 0.0l1-inch slot 4-inch
diameter Schedule 40 PVC well screen. Number 20 Ottawa

sand was placed around the screened section and to at least
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2 feet above the screen. The horehole annulus above the
sandpack was filled with bentonite grout injected through a
tremie pipe and protective steel casings or meter boxes
were placed over the wells. The wells were developed by
pumping with centrifugal or submersible pumps. Where
reasonably practicable, the wells were pumped until the
water was clear and free of sediment.

In Subtask 3, depths to groundwater were measured and water
samples were collected from the Phase 1 monitoring wells,
including OW-31 and OW-32. The samples were collected
between June 4 and June 6, 1990 using a Teflon bailer.
Temperature, pH and specific conductance were measured in
the field.

In Subtask 4, the locations for additional (Phase 2)
monitoring wells were selected to better define the extent
of benzene and toluene "hot spots," based wupon an
evaluation of the water quality data obtained during the
Phase I GSIP RI and PDI Phase 1 well sampling programs.
Seven Phase 2 monitoring wells, identified as OW-36 through
OW-42, were installed. Drilling procedures, bedrock
coring, well completion and development details were

similar to those for the Phase 1 monitoring wells.

In Subtask 5, groundwater levels were measured and
groundwater samples were obtained from total of 25
monitoring wells installed at 23 1locations during the
RI/FS, the Phase I GSIP RI, and PDI Task GW-1 Phase 1 and
Phase 2. This work was done between October 15 and 18,
1990. Sampling details are described in Golder (1991c).
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An additional groundwater investigation was performed in
the vicinity of the Arsenic Pit and Chromium Lagoons to
assess if they were source areas for mobile metals in
groundwater. Eleven new monitoring wells were installed at
eight locations in accordance with the protocol established
for Task GW-1 in the PDI Work Plan (Golder, 19914d). A
complete synoptic round of water level measurements was
performed and eleven pre-existing RI/FS and PDI groundwater
monitoring wells were sampled along with the eleven new
wells.

Task GW-2 Hydrogeological Characterization for the
Extraction/Recharge Systems

The field program for PDI Task GW-2, Hydrogeological
Characterization for the Extraction/Recharge Systems,
consisted of two aquifer pump tests and a series of slug
tests to determine the h?draulic characteristics of the
aquifer for design of the groundwater extraction systenm,
and a recharge test to determine the percolation rate for
design of the treated groundwater recharge system (Golder,
1990f, 1991e, 1991f).

First Aquifer Pump Test

For the first aquifer pump test, one pumping well (PW-1),
eight temporary observation well pairs (TW-1S and D through
TW-4S and D), and temporary observation well TW-5, were
installed between October 1 and 11, 1990. The pump test
was located off-Site, approximately 200 feet east of Halls
Brook Holding Area and 1100 feet south of the Boston Edison
Right-of-Way No. 9. Pumping well PW-1 was installed by
dual-rotary drilling equipment using water for the drilling
fluid. The bottom three-tenths of the Outwash Sand was
screened with a 19-foot 1long, 8-inch diameter, 0.10-inch
slotted stainless steel well screen and 8-inch diameter

steel casing. The screened interval was gravel packed with
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minus No. 4 Sieve sand which excended 6 feet above the top
of the well screen. The borehole annulus was sealed with
bentonite pellets and with bentonite grout.

Except for well TW-5, the temporary observation wells were
installed with hollow stem auger drilling equipment. Each
temporary well pair TW-1 through TW-4 consisted of one
shallow well and one deep well, which were identified as
TW-1S, TW-1D, etc. Split spoon samples were recovered at 5
foot depth intervals from TW-1D in order to obtain further
information on the lithology and saturated thickness of the
aquifer. The temporary well pairs were constructed with 2-
inch diameter, 5-foot 1long, 0.010-inch slotted PVC well
screens and 2-inch diameter PVC casing. The well screens
in the shallow temporary wells were either at the midpoint
or in the upper 25 percent of the Outwash Sand. Temporary
well TW-5 consisted of a 1.5-inch diameter stainless steel
piezometer which was hand-driven through the stream bed of
Halls Brook. A 3-foot long, 0.0l14-inch slotted screen was
installed in this well with the top of the screen 2 to 3
feet below the stream bed.

The location and orientation of the temporary observation
well pairs were selected on the basis of aquifer boundary
conditions and expected well yields. Pumping well PW-1 and
temporary well pairs TW-1 to TW-4 were developed with a
centrifugal pump, and TW-5 was developed with a peristaltic
pump.

The pump test consisted of a step-drawdown (step) test and
a constant-rate (pumping) test. The step test was
conducted to assess the performance of the aquifer at
different pumping rates and to select a pumping rate for
the subsequent constant rate test. The step test consisted
of pumping well PW-1 at five successively larger discharge
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rates, for 1 to 2 hour periods. Step tests were performed
on October 26, 1990 at discharge rates of 145 - 150 gallons
per minute (gpm), 250 gpm, 350 gpm, 400 gpm and 450 gpm.
An optimum pumping rate of about 350 gpm was selected for
the subsequent pump test.

The constant rate pumping test was conducted to obtain data
from which to calculate the following hydraulic parameters
of the aquifer: the vertical and horizontal hydraulic
conductivity (permeability), the transmissivity, the
storage coefficient, and the degree of anisotropy. The 48-
hour pump test began on October 31, 1990 and was terminated
on November 2, 1990. Static water levels were measured
immediately before testing. Water levels were measured
during pumping in the pumped well (PW-1), temporary
observation well pairs TW-1 to TW-4, temporary observation
well TW-5, and observation wells OW-19, OW-19A, OW=-24A, OW-
24B, OW-33A, and OW-33B. The test data for the pumped well
and the 15 observation wells were plotted as drawdown
versus elapsed pumping time and analyzed to determine the
hydraulic coefficients (Golder, 1990f).

During the pump test, the pump well discharge was monitored
for specific constituents on a real-time basis so that the
pump test could be terminated if concentrations of targeted
analytes exceeded established action levels for discharge
to the Halls Brook Holding area. Forty-nine water samples
were collected for analytical testing for arsenic and
VOC’s.

PDI Slug Test

Aquifer heterogeneities are expected to occur in the area
where the groundwater extraction system will be installed.
For this reason, a series of slug tests was conducted in

observation wells within the Site, close to the proposed
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locations of the extraction system, and also in the
observation wells which were installed for the first
aquifer pump test (Golder, 1991d).

The objectives of the slug test investigation were:

1. To compare hydraulic conductivities derived from
slug tests with those obtained from the pump
test, and if the results were comparable, to
determine if slug test data from the proposed
extraction system area and pump test data were
similar; and,

2. To provide the basis for adjusting the pump test
data to conditions in the proposed extraction
system area if the slug test results showed
different hydraulic conductivities.

The slug tests were performed during the week of November
5, 1990, in a total of 30 wells. Twelve of these wells
were in the contaminant plume area, eight were in the
proposed groundwater extraction area and ten were in the
punmp test area. The slug test procedures for each well
provided both falling-head and rising-head test data. The
falling-head test was performec by quickly lowering a PVC
slug into the well to displace a volume of water and
monitoring the subsequent rate of return to equilibrium
water level. The rising-head test was conducted after
equilibrium was reached by quickly removing the slug to
depress the water level and monitoring the subsequent rate
of return to equilibrium water level.

The slugs were constructed from 5-foot long sections of 1-
inch or 2-inch diameter PVC pipe which were filled with
sand ballast. The water levels were measured during the
slug test with a wvibrating wire transducer which was
monitored and recorded at a set scan interval by a portable
computer and data logger. The rising-head and falling-head
tests provided the data for computing two hydraulic
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conductivity values, and when the data were analyzed by two
different methods, four hydraulic conductivity values were
determined for each well.

Second Aquifer Pump Test
A second aquifer pumping test was performed during October,

1991. Twelve piezometers were installed by hollow stem
auger drilling methods, with split spoon sampling either
continuously or every five feet in order to better assess
the stratigraphy in the pumping test area. A continuously
sampled pilot hole was drilled at the 1location of the
pumping well (proposed extraction well E-5), and the
retained samples were submitted for sieve analysis in order
to design the screen and gravel pack for the pumping well.
The pumping well (ES5) was located such that it could serve
as part of the future extraction system. The pumping well
was installed by air rotary drilling using a Barber
drilling rig, and was screened through the entire saturated
thickness of the Outwash Sand. Two of the piezometers were
completed in the bedrock to assess the potential hydraulic
connection between the unconsolidated materials and the
shallow bedrock. Bedrock core was recovered from the top
20 feet at these two locations to inspect the condition of
the shallow bedrock in terms of weathering and fracture
intensity.

A 72 hour constant rate pumping test was performed at a
rate of 120 gallons per minute, and the effluent was
treated by an on-Site skid-mounted carbon treatment system
prior to discharge to surface water. The treated effluent
was analyzed by an on-Site laboratory for benzene, toluene,
ammonia, arsenic, chromium, iron, copper, and zinc on an
hourly basis. Piezometers and nearby monitoring wells were
instrumented with pressure transducers connected to digital

data loggers to record water level measurements during the
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test. Manual measurements were also taken as a back-up. A
recovery was conducted immediately following the constant
rate pumping test for a period of 24 hours.

The results of the test were interpreted to calculate
aquifer parameters (transmissivity, hydraulic conductivity,
storage coefficient), to assess anisotropy in the Outwash
Sand, to assess potential hydraulic communication between
the shallow bedrock and the Outwash Sand, and to evaluate
boundary effects.

Recharge Test
The aquifer recharge test was conducted in a 69-hour period

from November 6, 1990 to November 9, 1990. The recharge
test site was 1located approximately 600 feet north of
Atlantic Avenue and 1000 feet east of the MBTA railway.
The test basin was constructed on October 24, 1990. It
consisted of an excavation approximately 15-feet long by 7-
feet wide. The test basin was excavated to the water table
about 3.0 feet below ground surface. Three piezometers
were installed in the basin to measure groundwater levels
below the basin and also the "mounding" of recharge water
during the recharge test. These three piezometers
consisted of 2.5-foot 1long, 2-inch diameter, 0.010-inch
slot PVC well screen and casing. The basin was recharged
with City of Woburn water by a 4-inch diameter, 0.040-inch
slot PVC well screen connected to a fire hose.

The basin was backfilled with clean, wuniform, 2-inch
diameter crushed stone, which had a permeability several
orders of magnitude higher than the fine to medium sand,
silt, cobbles and fill material which was excavated from
the test basin. Two additional piezometers were installed
about 2 feet and 10 feet south of the test basin to measure
the groundwater "mounding" during the test. These two
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piezometers were installed with a hollow stem auger drill
rig and consisted of 5-foot long, 2-inch diameter PVC well
screen and casing, with the screened interval intersecting
the water. table. The well screens were gravel packed to
0.5 feet below ground surface and the remaining annulus was
sealed with bentonite to prevent infiltration of surface
water. The piezometers were developed with a bailer before
the recharge test.

The recharge test was conducted until water levels in the
test basin and in the piezometers outside the basin varied
minimally with time. The rate of inflow to the basin was
monitored and adjusted so that the water did not overflow
the basin. After initial trial inflow rates of 5 gpm and 1
gpm, it was observed that an inflow rate of 2 gpm produced
steady-state water level in the basin and in the
groundwater adjacent to the basin.

5.8.1.2 Laboratory Programs

Task GW=-1 Plume Delineation

Ten soil samples recovered from the Phase 1 monitoring well
installations (Subtask 2) were tested in the laboratory for
grain size distribution.

Task GW-2 Hydrogeologic Characterization for the
Extraction/Recharge System

Samples which were collected from the first pump test well
discharge were tested on a real-time basis for arsenic,
benzene, toluene and trichloroethylene. The tests were
performed in field laboratory facilities on the Site using
rapid test procedures which were previously approved by
USEPA. None of the test results exceeded the action levels
established for pump test analytes which were (Golder,
1990f): total arsenic, 1990 ppb; benzene, 22 ppb; toluene,
8,740 ppb; and trichloroethylene, 22 ppb.
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Recovered samples from the second pump test extraction well
pilot hole were retained and submitted for sieve analysis
in order to design the well screen and gravel pack for the
pumping well. Samples from four separate depth intervals
(11.5 to 19.5, 19.5 to 31.5, 31.5 : 41.5, and 41.4 to 51.5
feet below ground surface) were composited to produce four
separate samples for sieve analysis. The results are
presented in Golder (1991f).

The PDI Slug Test and Recharge Test did not include a
laboratory testing program.

$.8.2 Aquifer Thickness and Boundaries
In general, the unconfined aquifer consists of Outwash

Sand, which was deposited upon discontinuous Glacial Till
or bedrock, and in portions of the Site overlying recent
sediments and fill. The Outwash Sand 1lithology reflects
the different depositional cycles and is generally composed
of well to poorly sorted sand and gravel with interbedded
boulders, cobbles, silt and clay. The overlying recent
deposits include sand and silt, with interbedded gravel,
organic matter and silt.

The aquifer thickness and boundaries were determined by
evaluating the data obtained during the RI/FS, the PDI, the
Phase I GSIP RI, and data provided by G2ZA (Golder, 1991f).
The elevation of the bottom of the Outwash Sand is shown on
Sheet 6-4. The bottom of the Outwash Sand elevations are
either the top of bedrock in areas where the Glacial Till
is not present, or the top of Glacial Till where till is
present. Because the Glacial Till is thin or discontinuous
under the Site, the bottom of the Outwash 8Sand is
considered to be indicative of the configuration of the top
of bedrock and the preglacial valleys.
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The aquifer thickness varies across the Site and, to a
large extent, is determined by the configuration of the top
of bedrock. The Outwash Sand thins toward the north part
of the Site between the MBTA railway and Commerce Way. The
Outwash Sand is also relatively thin west of the MBTA
railway, and between Commerce Way and Interstate 93. The
Outwash Sand thickness increases from the Boston Edison
Right-of-Way No. 9 toward the south where the two on-Site
preglacial valleys converge into a single deeper and better
defined valley. The thickest part of the Outwash Sand is
south of the Site near the south end of Halls Brook Holding
Area and north of Mishawum Road.

5.8.3 Groundwater Elevations

The groundwater elevations were measured during synoptic
rounds at least twelve times between April, 1990 and
October, 1991 1in a total of up to 74 wells which were
installed for the RI/FS, the PDI, and the Phase I GSIP RI.
These data were used to determine groundwater flow
patterns, hydraulic gradients and the saturated thickness
of the unconfined aquifer.

Groundwater elevations generally range from approximately
72 to 75 feet in OW-1A to 55 feet in OW-50. Observation
well OW-1A 1is located outside of the northwest corner of
the Site, and OW-50 is located at the southern end of the
Site adjacent to the MBTA railway. The depth to
groundwater generally ranges from about 0 to 17 feet below
ground surface. Horizontal hydraulic gradients generally
range from about 0.002 feet/foot to 0.009 feet/foot.
Vertical hydraulic gradients range from 0.028 feet/foot
upward to 0.006 feet/foot downward.
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5.8.4 Hydraulic Coefficients

The hydraulic coefficients were determined from the results
of the PDI pump tests and slug tests. The range of average
hydraulic coefficients which were developed from the first
pump test are as follows (Golder, 1990f):

102 to

Horizontal Hydraulic 1
1 10-1 cm/sec

.3 X
Conductivity (K)) .2 X

Degree of Anisotropy (K,/K,) 0.002 to 0.03

(Vertical/Horizontal Conductivity)

Specific Yield (Sy) 0.01 to 0.22.

The horizontal hydraulic conductivity (K_.) increased with
depth and was relatively constant within similar screened
zones of the unconfined aquifer.

The hydraulic conductivity determined from the slug tests
ranged from 1.3 x 10-1 centimeters per second (cm/sec) to
5.5 x 104 cm/sec, which is considered to be typical for
the clean to silty sands in the aquifer.

The results of the second aquifer pump test generally
confirmed the conclusions of the slug tests. The range of
average hydraulic coefficients which were developed from
the second pump test are as follows (Golder, 1991f):

Horizontal Hydraulic 1.9 x 1073 to
Conductivity (K_) 2.0 x 10°1 cm/sec
(usually about 2.0 x 10-2 cm/sec)
Vertical Hydraulic 1.5 x 1076 to
Conductivity (K_) 2.8 x 102 cm/sec

(usually about 5 x 10-3 cm/sec)
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Other aquifer parameters derived from the second pump test
include:

Specific yield (Sy) 0.032 to 0.29
Elastic Storage coefficient (S) 2.5 x 1074 to
' 3.4 x 1072
Specific Elastic Storage (Sg) 3.5 x 1076 to
1.1 x 1074 ft-1
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5.9 EXTENT OF HAZARDOUS SUBSTANCES
This section summarizes the results of the PDI tasks which

assessed the extent of Hazardous Substances in order to
support the Remedial Design for soil, groundwater and air.
The ROD (USEPA, 1986a), the Consent Decree/RDAP (USEPA,
1989a), and the Pre-Design Work Plan. (Golder, 1989) should
be consulted for further information.

The field and 1laboratory programs for the extent of
Hazardous Substances in the Soil are discussed in Section
5.9.1. Hazardous Substances in Wetlands and Surface Water
Sediments are described in Section 5.9.2. Hazardous
Substances in Groundwater are discussed in Section 5.9.3,
and Hazardous Substances and odors in air are summarized in
Section 5.9.4.

5,9.1 Soil
In general, the remedy for Hazardous Substances in soil as
stated in the RDAP (USEPA, 1989a) is as follows:

"The remedial action for soils, sediments and sludges
contaminated with Hazardous Substances, other than
those emitting odors, shall include Site grading,
capping with a permeable soil cover, excavation,
dredging, and/or consolidation for all areas
containing Hazardous Substances at concentrations
above established action 1levels, and development of
Institutional Controls for all areas containing
Hazardous Substances at greater than background levels
to ensure the long-term effectiveness of the remedial
action..."

PDI Task S-1 was implemented to determine the extent of
Hazardous Substances in soil in order to support the design
of the permeable cover and the development of Institutional
Controls. The objectives of PDI Task S~1 were therefore to
define areas of the Site containing Hazardous Substances:

a) At or above Consent Decree action levels; and,
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b) Above background levels but below action levels.

The data needs and methodology and the results of Task S-1
are described in the Interim Final Report (Golder, 1990j)
and in the Supplemental Report (Golder, 19911).

The data needs for PDI Task S-1 were based upon a review of
the results of the Phase II RI/FS (Stauffer, 1984 and 1985)
in relation to the Consent Decree objectives. The data
needs which were identified are as follows (Golder, 1989):

Soil bData Need No. 1

The extent of Hazardous Substances at or above action
levels in developed parts of the Site.

Soil Data Need No. 2

The extent of Hazardous Substances at or above action
levels in undeveloped parts of the Site to the extent
that existing data were inadequate, including:

a) arsenic, lead, chromium, and hide residue in
undeveloped parts of the Site where there
were data gaps in the RI grid;

b) arsenic, lead, chromium, and hide residue in
undeveloped parts of the Site where data
existed for only one depth interval;

c) arsenic, lead, chromium, and hide residue in
off-Site areas where action levels were
exceeded at the Site boundary; and,

d) arsenic, lead, chromium, and hide residue in
Boston Edison Right-of-Way No. 9.

Soil Data Need No. 3

Hazardous Substances other than arsenic, lead,
chromium, and hide residue in all parts of the Site.

Soil Data Need No. 4
The extent of Hazardous Substances at concentrations

greater than background 1levels but less than action
levels.
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The ROD established action levels for three metals in soil,
sediments and sludges. These action levels were 300 ppm
arsenic, 600 ppm lead and 1000 ppm chromium (USEPA, 1986a).
The background concentrations of these metals, as well as
any other Hazardous Substances pursuant to Soil Data Need
No. 3, were to be established in order to delineate the
appropriate areas for the development of Institutional
Controls. The data collected pursuant to Soil Data Needs
1, 2a tihrough 2d, and 3 was used to delineate these areas
after the background levels were established. The
rationale for the selection of sampling locations, sampling
depth intervals and analytical testing is described 1in
Golder (1989).

Soil Data Needs 1, 2b, 2d, 3 and 4 were satisfied by the
initial PDI Task S-1 results. However, additional soil
samples were required to satisfy Soil Data Needs 2a and 2c.
A supplementary borehole program was therefore performed at
on-Site and off-Site 1locations in order to obtain these
additional data (Golder, 19911).

5.9.1.1 Field Program

The initial Task S-1 field program was performed between
April 2 and June 14, 1990. The boring locations are shown
on Sheets 11-2A through 11-2D. A total of 127 borings were
drilled and sampled up to 36-inch depth using a split spoon
sampler driven by a small track-mounted drill rig or
portable tripod system, or using a stainless steel hand
auger. Most of the work was done with the track-mounted
drill rig.

At least three, and up to five soil samples were obtained
from each boring at the following depth intervals:

a) 0 to 6 inches;

Golder Associates



April 1992 5-80 903-6400
b) 6 to 18 inches;
c) 18 to 36 inches; and,
d) Up to two discreet intervals within 30 inches of

the ground surface in soils displaying colors
which were associated with high concentrations of
metals in the RI/FS.

Unless some visible indication of soil contamination such
as staining was noted, samples for full TCL/TAL analyses
were composited for the entire 36 inch depth interval. The
compositing procedure did not involve rigorous mixing and
quartering in order to avoid potential loss of VOC’s.

The split spoon samplers were decontaminated between each
sampling interval in accordance with the procedure for
"Sampling Surface Soils for Chemical Analyses" described in
Appendix B of the PDI Task S-1 Interim Final Report
(Golder, 1990j). For boreholes where samples for only
arsenic, 1lead and chromium analysis were collected, the
procedure included an Alconox wash, tap water rinse,
distilled water rinse, trace metal analyses-grade nitric
acid rinse, and a final distilled water rinse. At
boreholes where soil samples for TCL/TAL analyses were
collected, the foregoing procedure was supplemented with a
final HPLC-grade methanol rinse (which was allowed to air
dry) and a distilled water rinse. Further details
concerning the sample handling and Chain of Custody
procedures are described in the PDI Task S-1 Interim Final
Report (Golder, 1990j) and in the QAPjP contained in Volume
2 of the PDI Work Plan (Golder, 1989).

Select samples were split with NUS Corporation, USEPA’s
oversight contractor. Additional field Quality
Assurance/Quality Control (QA/QC) procedures included
collection of trip blank samples (for VOC’s only),
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equipment rinsate blanks, field duplicates, and matrix
spike/matrix spike duplicate (MS/MSD) samples.

Four of the 127 borings were drilled and sampled at off-
Site locations in order to obtain soil samples for analysis
to determine the range of background concentrations of
arsenic, lead and chromium in the Site area. Samples of
Glacial Till, imported fill, oOutwash Sand and peat were
obtained from the borings. The boring locations are shown
on Figure 11 of the PDI Task S-1 Interim Final Report
(Golder, 19903).

The supplementary borehole program to obtain the additional
information to satisfy Soil Data Needs 2a and 2c was
performed between November 5 and 8, 1990. The secondary
boring locations are shown on Sheets 11-2A through 11-2D.
The on-Site borings were located north of the East and West
Hide Piles, north of the East-Central Hide Pile, south of
the South Hide Pile and along the Boston Edison Right-of-
Way No. 9. The off-Site borings were located along the
west edge of the Site, and along the MBTA railway. Most of
the 34 additional secondary borings were drilled with a
small track-mounted drill rig, and soil samples were
obtained using a split spoon sampler. A stainless steel
hand auger was also used to obtain soil samples at some
locations. Procedures for decontaminating the sampling
equipment, sample handling, Chain of Custody and other
QA/QC procedures were as described for the previous PDI
Task S-1 field program.

The PDI Task S-1 and secondary borings were marked in the
field and surveyed by SAIC Engineering, Inc. The boring
logs are included in the PDI Task S-1 Interim Final Report
and the Supplemental Report (Golder, 1990j and 19911).
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.9.1.2 Laboratory Program

A total of 335 primary soil samples were obtained for
laboratory analyses from the PDI Task S~1 borings and a
further 98 primary soil samples were obtained from the 34
additional secondary borings. Trip blanks (for VOC’s
only), equipment rinsate blanks, field duplicates, and
matrix spike/matrix spike duplicate samples were also
collected at a minimum frequency of 1 per 20 primary
samples. The primary samples were analyzed 1in the
laboratory as follows:

No. of Primary Samples Tested

Laboratory PDI Supplemental
Analysis Task S-1 Program Total
Arsenic, Lead 335 98 433
and Chromium
Hide Residues 303 98 401
Target Compound List (TCL)
VOC’s 22 - 22
Semivolatile organics 22 - 22
Pesticide/PCBs 22 - 22
Target Analyte List (TAL)
Metals 22 - 22
Total 726 196 922

Analyses for arsenic, lead and chromium in soil were
performed according to Level III analysis using SW-846
methods (USEPA, 1986b). This 1level of analysis is
considered sufficient to support the remedial cover design.
TCL/TAL samples were analyzed according to Level IV CLP-RAS
methods. The CLP data report packages were validated
independent of the analytical laboratory in accordance with
EPA Region I guidance documents for data validation (USEPA,
1988 and 1989b). Level IV analyses with data validation is
considered necessary to provide defensible data regarding
the potential presence of Hazardous Substances and to

Golder Associates



April 1992 5-83 903-6400

document background concentrations of Hazardous Substances
other than arsenic, lead and chromium.

"Hide residue in the soil samples was identified by
microscopy in accordance with the "Procedure for Laboratory
Identification of Hide Residue in Soil" (Golder, 1990j).
The procedure required binocular microscopic examination of
soll samples for the presence of hair fibers which were
used as indicators of the presence of hide residue. It was
found that hair fibers could be distinguished from root
fibers much more reliably in oven-dried samples than in
samples at natural water content.

The laboratory test results are presented in the PDI Task
S-1 Interim Final Report and the Supplemental Report
(Golder, 19903 and 19911).

5.9.1.3 Extent of Hazardous Substances in Soil

The results for arsenic, lead, chromium and hide residue
analyses are shown on Sheets 11-2A through 11-2D. These
drawings show the extent of arsenic, lead, and chromium
above Consent Decree action levels, hide piles as shown in
the Consent Decree and hide residue detected in soil
samples within 36 inches of the ground surface. This
information was used to interpret the limits or extent of
remediation for soil.

Hide residue was detected in soil samples at several
locations where arsenic, 1lead and chromium were below
Consent Decree action levels, especially in the developed
area at the intersection of Commerce Way and Atlantic
Avenue, and along the Boston Edison Right-of-Way No. 9 (see
Sheets 11-2A, 11-2C, and 11-2D). Hide residue and/or
arsenic, lead and chromium above Consent Decree action

levels were detected in many of the secondary borings along
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the Boston Edison Right-of-Way No. 9 and also in several of
the off-Site secondary borings. Arsenic, lead or chromium
were also detected above Consent Decree action levels in
areas west of the Site and south of the Site along the MBTA
railway.

Background concentrations for arsenic, lead and chromium
were determined to be 25 ppm, 85 ppm and 23 ppn,
respectively (Golder, 19903j). Concentrations of these
metals are below background in most of the area east of
Commerce Way, but most of the test results are above

background west of Commerce Way.

The results of the TCL/TAL analysis for other Hazardous
Substances in soil are described in the PDI Task S-1
Interim Final Report (Golder, 19903j). TAL metals were
detected above background levels over much of the Site west
of Commerce Way. Excluding arsenic, lead and chromium, the
most widespread metals were zinc, copper, barium, cobalt,

mercury, vanadium, and iron.

Several TCL organic compounds were detected above
background concentrations. The TCL VOC’s which were above
background concentrations included acetone along Atlantic
Avenue and toluene just south of the East Hide Pile.
Several TCL semi-volatile organic compounds, a pesticide
(4,4'-DDE), and a PCB compound (Aroclor-1254) were also
detected in the PDI soil samples. During the RI/FS,
benzene, toluene, and methylene chloride were detected in
soil samples at concentrations up to 275,000 ppb, 13,000
ppb, and 2,800 ppb, respectively (Stauffer, 1984 and 1985).
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5.9.2 Wetlands and Surface Water Sediments

The remedial action for wetlands and surface water
sediments is described in the ROD, the Consent Decree and
the RDAP- (USEPA 1986a, 1989%a). The remedy comprises
covering in place potentially odorous sediments containing
arsenic, lead, or chromium at or above Consent Decree
action 1levels, including culverting of man-made drainage
swales and ditches. Sediments containing arsenic, lead, or
chromium at or above Consent Decree action levels without
the potential to release odors, are to be dredged.

The Consent Decree objectives for the PDI which are
directly applicable to wetlands and surface water
sediments, as stated in the RDAP, are as follows (USEPA,
1989a):

"(c) An investigation to define the horizontal and
vertical extent of sediments contaminated with
Hazardous Substances in the Site ponds and
surface water drainage areas (e.qg. streanms,
ditches, swales) and to establish the area and
depth of dredging necessary to provide adequate
protection of public health and the environment."

"(e) Treatability studies for Site surface waters to
be treated prior to discharge to groundwater or
to surface waters beyond the limits of dredging.®

In addition, the following PDI objective was to be
addressed for surface water and sediments:

Evaluate the wetlands between the East and West
Hide Piles to assess its current utility and
provide input to the Remedial Design in order to
remediate and revitalize the wetland.

The following PDI Tasks were therefore implemented to

support the remedial design for Hazardous Substances in
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Wetlands and Surface Water Sediments (Golder, 1989):

Task SW-1 Extent of Hazardous Substances in
Wetlands and Surface Water Sediments;

Task SW-2 Surface Water Treatability; and,

Task SW-3 Wetlands Evaluation.

The results of these PDI Tasks are presented in the Interim
and/or Interim Final Reports by Golder (1990k, 19901, and
1991m), and by Normandeau Associates Inc. (1990). These
reports should be consulted for detailed information. The
results of Task SW-1 are summarized in the following
sections. The extent of Hazardous Substances in the
wetland between the East and West Hide Piles was included
in PDI Task SW-1. Surface water treatability is discussed
in Section 5.10. The purpose of PDI Task SW-3, Wetlands
Evaluation, did not include the identification of Hazardous
Substances and the results are therefore not included in
this section. The wetlands are described in Section 5.5.4.

The results and conclusions of the RI were reviewed and the
following data needs were identified for Task SW-1 in order
to satisfy the Consent Decree objectives (Golder, 1989):

1. Extent of hide residue in surface water drainage
areas;
2. Horizontal and vertical extent of arsenic, 1lead,

and chromium in surface water drainage areas
beyond the extent of hide residue;

3. Horizontal and vertical extent of Hazardous
Substances other than arsenic, lead, and chromium
in surface water drainage areas; and,

4. Extent of Hazardous Substances in soil abutting
surface water drainage areas.
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The rationale for addressing these data needs is described
in the Pre-Design Work Plan. Sampling and analysis was
required in order to determine the extent of Hazardous
Substances in sediments in all surface water drainage areas
such as ponds, wetlands, streams and drainage ditches. The
highest concentrations of Hazardous Substances were
expected to occur in fine-grained sediments which tend to
adsorb more metals and organic compounds than coarse-
textured sediments. Sediment sample locations were located
at approximately 250 foot intervals in stream channels west
of Commerce Way. Several locations east of Commerce Way
were also sampled to determine if Hazardous Substances were
present. Sediment sample locations in Wetland 1C between
the East and West Hide Piles were spaced at less than 250
feet because Hazardous Substances were expected to be
present in this wetland.

Surface water sediment data need No. 4 was addressed in PDI
Task S-1 Extent of Hazardous Substances in Soil (Golder,
1990j and 19911). Definition of the extent of Hazardous
Substances 1in soils abutting surface water bodies was
required in order to assess the possibility of permeable
cover erosion by overland flow and flooding, and to design
the permeable cover to minimize such erosion.

5.9.2.1 Field Program

Sediments in the streams and wetlands were sampled at 107
locations between April 4 and June 13, 1990. Replacement
samples for mercury analysis were also collected at three
locations in July 1990. Additional samples were collected
from Wetland 3B and Wetland 8 on June 24 and 25, 1991. The
sediment sample locations are shown on Sheets 11-2A through
11-2D. Twenty-three of these sample locations were in
stream channels, and 91 were located in or adjacent to
ponds or wetlands. At each stream channel location, three
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boreholes were drilled across the channel in order to
collect samples over the stream bed width. At the ponds
and wetlands, sediment samples were collected from only one

borehole. A boat was used to obtain pond sediment samples.

Most of the sediment samples were collected by advancing a
hand auger through a 4-inch diameter steel casing. The
casing was required to keep the borehole open while the
auger was withdrawn and decontaminated before obtaining the
next sediment sample. A small track-mounted drill rig
which was equipped to drive a split spoon sampler was used
to collect some of the sediment samples from the wetlands.
A portable tripod system was also used to drive a split
spoon sampler at several locations where coarse-textured

sediments could not be sampled with the hand auger.

The three borings were sampled in the stream channel
locations in order to assess lateral variations in the
extent of Hazardous Substances. One of these borings was
located on centerline of the channel and the other two
borings were located on each side of centerline depending
on the stream channel characteristics. Preference was
given to lateral areas which appeared to have more fine-
textured sediments.

Samples were collected from each borehole at depth
intervals below the sediment/water interface of 0 to 6, 6
to 12, 12 to 18, 18 to 27, and 27 to 36 inches or until
sampler refusal. Very soft, fine~-textured surface
sediments could not be recovered with the sampler at
several locations and when this occurred, separate samples
were collected by scooping the surface sediments directly
into the sample jar. Several boreholes were terminated at
less than 36-inch depth because bedrock was encountered.
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The borehole logs are included in the Task SW-1 Interim
Final Report which also contains the procedures for
decontaminating tﬁe sampling equipment, Chain of Custody
forms, and the QA/QC procedures (Golder, 19901). The
results for the June 1991 samples are given in Appendix 13-
A of this report.

The Dborehole 1locations were marked and subsequently
surveyed by SAIC Engineering, Inc.

5.9.2. Laboratory Program

A total of 606 primary sediment samples were obtained from
streams and wetlands for laboratory analyses. Trip blank
samples (for VOC’s only), equipment rinsate blanks, field
duplicates and matrix spike/matrix spike duplicate samples
were also collected at a minimum frequency of 1 per 20
primary samples. The primary samples were analyzed in the
laboratory as follows:

Laboratory No. of Primary
Analysis Samples Tested
Arsenic, Lead and Chromium 606
Hide Residues 437
Target Compound List (TCL)
VOC’s 17
Semivolatile organics 17
Pesticide/PCB’s 17
Target Analyte List (TAL)
Metals 17
Methyl Mercury 5
Total 1,116

The analytical methods included SwW-846 for arsenic, lead,
and chromium; CLP-RAS for TCL/TAL analysis, and a method
for methyl mercury provided by the USEPA oversight
contractor, NUS Corporation. Identification of hide
residue by microscopy methods was performed in accordance
with ‘"Procedure for Laboratory 1Identification of Hide
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Residue in Soil" (Golder, 1989). Laboratory QA/QC
procedures are described in the QAPJjP (Golder, 1989).

Five sediment samples were analyzed for methyl mercury in
accordance with the analytical method provided by NUS. The
sediment samples were obtained from streams or wetlands
where mercury was detected in nearby soils during the RI.
However, high matrix interference resulted in poor
chromatographic resolution and no useable data were
obtained.

5.9.2.3 Results

The laboratory test results are tabulated in PDI Task SW-1
Interim Final Report and Appendix 13-A of this report, and
the results for arsenic, lead, chromium and hide residue
analyses are shown on Sheets 11-2A through 11-2D. This
information was used to determine the limits of remediation
for soil and surface water sediments.

Hide residue was detected in sediment samples from several
locations where arsenic, 1lead and chromium were below
Consent Decree action levels. Other 1locations were
identified where hide residue was not detected in the
sediment samples, but arsenic, lead and chromium
concentrations were above Consent Decree action 1levels.
Arsenic, lead and/or chromium in sediment samples exceed
Consent Decree action levels in the following 1locations
(see Sheets 11-2A through 11-2D):

- The drainage ditches along New Boston Street;

- The Chromium Lagoons and the drainage ditch
adjacent to the Chromium Lagoons;

- The socuthern half of the wetland between the East
and West Hide Piles;
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- The channel which drains the wetland betweeq the
East and West Hide Piles into the Aberjona River;

- An inlet of the wetland just north of the East
Hide Pile; and,

- A wetland northeast of the intersection of
Commerce Way and Atlantic Avenue.

Hide residue was detected in sediment samples from all of
the foregoing localities and also in:

- The north half of the wetland between the East
and West Hide Piles;

- Wetland 8 in the Boston Edison Right-of-Way No. 9
just west of the MBTA railway;

- Wetland 3B east of the intersection of Commerce
Way and Atlantic Avenue; and,

- The drainage ditch along Interstate 93 in the
northeast corner of the Site.

Chromium was detected in sediment samples above Consent
Decree action level in the drainage channel south of the
Chromium Lagoons.

The results of TCL/TAL analyses for other Hazardous
Substances in sediment samples are described in the PDI
Task SW-1 Interim Final Report (Golder, 19901l). A variety
of TAL metals were detected over much of the Site.
Fourteen of the 23 TAL nmetals were detected at higher
concentrations in the sediment samples from the Chromium
Lagoons than from other parts of the Site. TCL VOC’s which
were detected in sediment samples included benzene,
toluene, chlorobenzene, trichloroethene, trans-1,2-
dichloroethene, acetone and methylene chloride. TCL semi-
volatile organic compounds detected included polynuclear
aromatic hydrocarbons (PAH’s) in the Chromium Lagoons and
the drainage ditch along New Boston Street, and various
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phthalate compounds over widespread areas of the Site. A
pesticide (4,4’-DDE) was detected in the Chromium Lagoons
and a PCB (Aroclor-1248) was detected in the southern half
of the wetland between the East and West Piles.

The sample locations for surface water treatability testing
(PDI Task SW-2), which were selected on the basis of the
Task SW-1 data, were reported in the Task SW-1 Interim
Report (Golder, 19901).

5.9.3 Groundwater
The Consent Decree specifies the remedy for groundwater in
the RDAP as follows (USEPA, 1989a):

"The remedial action for groundwater shall include an
interim remedy of pumping and treating "hot spot"
areas of groundwater contamination and the concurrent
development and implementation of Groundwater/Surface
water Investigation Plan (GSIP) to evaluate Site-wide
groundwater and surface water contamination...Settlers
shall design and implement an interim groundwater
remedy that shall consist of several interceptor/
recovery wells located to capture the identified
plumes of Hazardous Substances (benzene and toluene)
migrating in groundwater, construction of a treatment
systen, and operation and maintenance of these
remedial components until the appropriate performance
standards are achieved...Settlers shall pretreat
recovered groundwater to control odors and to remove
dissolved or suspended Hazardous Substances, and shall
subject the recovered groundwater to air stripping to
remove volatile Hazardous Substances. Settlers shall
during Remedial Design identify appropriate
performance standards for groundwater and effluent
water quality and shall submit these proposed
performance standards to EPA and the Commonwealth for
review and approval. The treated effluent shall be
discharged via a subsurface leaching pit to be located
on-Site in an upgradient portion of the aquifer."
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The RDAP outlined the work scope for the PDI Groundwater
Investigation to - support the design of the groundwater
remedy as follows:

"(g) investigation to more accurately characterize the
"hot spot" areas of benzene and toluene
contamination, to assess the treatability of
groundwater, and to provide data to be used in
the development of operating parameters such as

pumping rates, interceptor well locations,
recharge area 1location, and period of system
performance. Included in these groundwater
investigations shall be Settlers proposed
performance standards for effluent water
quality."®

The GSIP is being conducted by Roux Associates, Inc. along
with a group of subconsultants for the ISRT and the results
of the Phase I investigation are reported in Roux {1991a).
The scope of work for the Phase II GSIP RI is described in
Roux (1991b), but the results were not available for
inclusion in this report.

The following PDI Tasks were implemented to address the
groundwater objectives in conjunction with the existing
data from the RI/FS and the additional data to be obtained
from the Phase I GSIP RI (Golder, 1989):

Task GW-1 Plume Delineation;

Task GW-2 Hydrogeologic Characterization for the
Extraction/Recharge System; and,

Task GW-3 Groundwater Treatability.

The extent of Hazardous Substances in groundwater as
determined by Task GW-1 are summarized in the following
sections. The results of Task GW-2 are described in
Section 5.8, Physical Hydrogeology. Groundwater
treatability studies are discussed in Section 5.10. The
Interim Final Report for Task GW-1 and the Phase I GSIP RI
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should be consulted for further information (Golder, 1991c;
Roux, 1991la).

Existing data, including the RI and the USEPA and the
Massachusetts Department of Environmental Protection (MDEP)
project filés, were reviewed to assist in developing the
PDI groundwater tasks and data needs. The following data
needs were identified for PDI Task GW-1 Plume Delineation
(Golder, 1989):

1. The areal extent and saturated thickness of the
unconsolidated deposits;

2. The types and —concentrations of Hazardous
Substances in the groundwater "hot spots"; and,

3. The extent of Hazardous Substances.

The foregoing data needs were addressed by five specific
subtasks which were as follows (Golder, 1989):

Subtask 1 Determination of aquifer thickness and
boundaries;
Subtask 2 Installation of Pre-Design Phase 1

monitoring well clusters;

Subtask 3 Sampling of Pre-Design Phase 1
monitoring well clusters;

Subtask 4 Installation of Pre-Design Phase 2
monitoring well clusters; and,

Subtask 5 Sampling of Pre-Design Phase 2 (and
Phase 1) monitoring well clusters.

The methodology and results of Subtasks 1, 2 and 4 which
are relevant to hydrogeology are discussed in Section 5.8,
Physical Hydrogeology. The results of Subtasks 2 and 4
which are relevant to the extent of Hazardous Substances in
groundwater are summarized in the following sections. The
Interim Final Report for PDI Task GW-1 Plume Delineation,
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the Arsenic Pit/Chromium Lagoon Investigation, and the
Phase I GSIP RI should be consulted for further
information (Golder, 1991c, 1991d; Roux, 1991a).

5.9.3.1 Field Program
The Phase I GSIP RI resampled existing RI/FS monitoring

wells along with three new GSIP monitoring wells in March,
1990. Based upon these results, fourteen PDI Phase 1
monitoring wells were installed at eight 1locations
downgradient of the Site. These wells were identified as
OW-23 to OW-27, OW-29, OW-30 and OW-33. With the exception
of OW-23 and OW-29, a two-well cluster was installed at

each monitoring well 1location. Shallow wells were
identified with an "A" suffix. The well clusters were
installed where the saturated thickness of the Outwash Sand
was more than 30 feet. The well screens were located in

the most permeable portion of the Outwash Sand as indicated
by visual inspection of the sediments or in zones which
exhibited high concentrations of VOC’s by screening with an
organic vapor detector.

During Subtask 3, the Phase 1 monitoring wells OW-23
through 0OW-27, OW-29 through OW-33 and the City of Woburn
water at the decontamination pad were sampled from June 4
to 6, 1990. Monitoring wells OW-31 and OW-32 which are
located at the base of the East and West Hide Piles,
respectively, were also sampled.

Prior to sampling, the total well depth and depth to water
were measured, and the volume of standing water in each
monitoring well was calculated. Each of the wells was then
purged to remove a minimum of three volumes of standing
water from the well before sampling.
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The groundwater samples were collected with a Teflon
bailer. The pH, temperature, specific conductance, and
depth to water were measured in the field. Samples
collected for dissolved metals analysis were field-filtered
and then preserved with nitric acid.

Seven Phase 2 monitoring wells, identified as OW-36 to OW-
42 were installed to obtain better definition of the
previously identified benzene and toluene “hot spots".

The following 25 wells at 23 locations were sampled during
the Subtask 5 (Phase 2) sampling of monitoring wells:

PDI PDI GSIP RI
Phase 1 Wells Phase 2 Wells Wells Wells

OW-24A OW-36 ow-21 OW-9

OW=-24B OW-37 OW-22 through

OW-31 Ow-38 OW-28 OW-13

Oow-32 OW-39 OW-16
OW-40 OwW-17
OW-41 OW-18&18A
OW-42 OW-19&19A

The Phase 2 groundwater samples were collected during
October 15 to 18, 1990. The wells were purged before
sampling as for Subtask 3. The samples for VOC analysis
were collected in 40-ml glass vials preserved with
hydrochloric acid except for the samples from OW-16, OW-31
and OW-38. These samples were not preserved because the
hydrochloric acid caused effervescence of the sample, which
could result in loss of VOC’s. Samples collected for total
metals analyses were placed in 1 1liter plastic bottles,
preserved with nitric acid, and kept cool. Samples
collected for dissolved metals analysis were field filtered
and then preserved with nitric acid.
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QA/QC samples were also collected as part of the well
sampling programs for Subtasks 3 and 5.

Eleven additional monitoring wells were installed in March
and April, 1991, in order to assess if the Arsenic Pit and
Chromium Lagoons were acting as source areas for metals in
groundwater. The new monitoring wells were installed in
accordance with the protocol given in the work plan for the
task (Golder, 1991a). The wells were sampled in
conjunction with 11 pre-existing wells adjacent to the
Arsenic Pit and Chromium Lagoons. Samples were collected
for total and dissolved TAL metals, total organic carbon,
chemical oxygen demand, ammonia, total Kjeldahl nitrogen,
and total dissolved solids. Redox potential, pH,
temperature, and specific conductance were measured in the
field.

5.9.3.2 Laboratory Program
The groundwater samples from Subtask 3 Sampling of Phase 1

Monitoring Wells were analyzed for TCL VOC’s, semi-volatile
organic compounds, pesticides and polychlorinated biphenyls
(PCB’s), and for total and dissolved TAL metals. The
samples were analyzed by Contract Laboratory Program -
Routine Analytical Services (CLP-RAS) methods.

The groundwater samples from Subtask 5 Sampling of Phase 2
Monitoring Wells were analyzed for TCL VOC’s, and for total
and dissolved TAL metals. The samples were not analyzed
for pesticide/PCB’s or for semi-volatile organic compounds
because no pesticides/PCB’s were detected in the Subtask 3
groundwater samples, and only low concentrations of semi-
volatile organic compounds were detected on-Site during the
Subtask 3 sampling program.
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The analytical test results for both sets of groundwater
samples are included in the Interim Final Report for Task
GW-1 Plume Delineation, together with Chain of Custody
documentation and data validation (Golder, 1991c).

Total and dissolved TAL metals samples from the Arsenic Pit
and Chromium Lagoon investigation were analyzed by Level IV
CLP-RAS methods. The remaining general water gquality
parameters were analyzed in accordance with Level III USEPA
Water and Wastewater methods (USEPA, 1983).

5.9.3.3 Extent of Hazardous Substances in Groundwater

The test results for groundwater samples from PDI Task GW-1
and from the Phase I GSIP RI were used to delineate the
extent of Hazardous Substances in groundwater (Golder,
1991c, 1991d and Roux, 1991la). This information is
summarized in the following sections. The references
should be consulted for further details.

Distinct plumes of benzene/toluene, and arsenic/chromium
were inferred from the results of PDI Task GW-1 and the
Phase I GSIP RI. The highest benzene concentrations of
48,000 ppb and 36,000 ppb occurred in samples from OW-31
during the Phase 1 and Phase 2 groundwater sampling
program. The highest toluene concentration of 29,000 ppb
occurred in samples from OW-16 which is adjacent to the
East Central Hide Pile. The highest dissolved arsenic
concentration detected was 2,860 ppb in a sample from OW-
16, and the highest dissolved chromium concentrations was
449 ppb in OW-37.

Other Hazardous Substances were identified on-Site by the
analytical test results from the PDI Task GW-1 and the
Phase I GSIP RI. Nine TCL VOC’s and semi-volatile orgénic
compounds other than benzene and toluene were detected.
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The highest concentration for these organic compounds was
phenol at 430 ppb in OW-27A. Concentrations of the other
organic compounds on-Site was 64 ppb or less. No PCB’s or
pesticides were detected in the Phase 1 PDI or Phase I GSIP
RI groundwater samples.

The extent of hazardous substances in groundwater will be
addressed further in Part II of this report.

5.9.4 Air

Two Consent Decree objectives are applicable to air. The
first objective, as stated in the RDAP, is as follows
(USEPA, 1989a):

"A baseline investigation to establish an effective
air monitoring program and to determine acceptable on-
Site and off-Site air quality standards for hazardous
volatile compounds and/or other odorous ccmpounds and
dust relative to planned grading, ccrsolidation,
excavation, dredging, groundwater trestiment and
capping activities."

The second objective for air is related to treatability of
gas emissions from the East Hide Pile and is a requirement
of the Site Monitoring Program described in the RDAP which
will be used...

"to provide data to assist in the development of the
temporary gas treatment system to be operated at the
East Hide Pile."

The PDI Tasks which were implemented to address the
objectives for air are as follows (Golder, 1989):

Task A-1 Baseline Air Survey; and,
Task A-2 Gas Treatability.
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The data needs for these two tasks were based upon a review
of the existing data in relation to the Consent Decree
objectives.

With reference to Hazardous Substances in air, data need
No. 3 for PDI Task A-1 Baseline Air Survey was (Golder,
1989):

"Determine baseline concentrations of hazardous

volatile compounds, odorous compounds, dust, and
arsenic, lead, and chromium in dust at select
locations.”

The two data needs for PDI Task A-2 Gas Treatability were
as follows:

1. The types and concentrations of hazardous
volatile compounds and odorous compounds present
in gas in the East Hide Pile; and,

2. The emission rate of gas from the East Hide Pile.

The results of the PDI Task A-1 are discussed in the
following sections in relation to Hazardous Substances in
air. The results of Task A-2 are discussed in Section
5.10.

PDI Task A-1, Baseline Air Survey, required four rounds of
air sampling and analytical testing to address data need
No. 3. The sampling rounds were spaced over a one year
period in order to assess seasonal effects on baseline air
quality. The air samples were obtained in May, August, and
November, 1990, and February, 1991. The twelve air
sampling locations were based upon the results of air
dispersion modeling conducted during the RI/FS using
regional meteorological data together with the historical
locations of odor complaints (Golder, 1989). Details of
the air sampling procedure, chain of custody and QA/QC
procedures are described in the Interim Reports and the PDI
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Field Sampling Plan (Golder, 1989). The air samples were
collected over a -24-hour period. Samples to be analyzed
for TCL VOC’s, methane and reduced sulfur compounds were
collected in 15-liter Summa passivated canisters. Dust
samples were collected on filter cassette cartridges using
a programmable personal sampling pump. Meteorological
data, 1including wind speed and direction, relative
humidity, temperature, and barometric pressure were
recorded by the Site weather station during sampling.

The samples were analyzed in accordance with the procedures
and analytical methods described in the PDI Field Sampling
Plan and the QAPjP (Golder, 1989). The test results are
included in the Interim and Interim Final Reports (Golder,
1990m, 1990n, 1991n, 19910) and are summarized herein.

No reduced sulfur compounds or methane were detected at any
of the sampled locations. The detection limits were 20 ppb
(by volume) and 8 ppb, respectively. TCL VOC’s which were
detected included Freon 11, Freon 113, acetone, methylene
chloride, 2-butanone, 1,1,1-trichloroethane, benzene,
toluene, xylenes, and 1,2,4-trimethylbenzene. Freon 11 and
2-butanone were the most frequently detected compounds, and
were also present at higher concentrations than other TCL
VOC’s (up to 78 ppb and 56 ppb, respectively). Total
nuisance dust concentrations ranged from less than 200 to
1544 micrograms per cubic meter with an arithmetic average
of 334 micrograms per cubic meter, and a standard deviation
of 336 micrograms per cubic meter. Lead was not detected
in any of the samples. Arsenic was detected in the fourth
quarter samples, but are suspected to be 1in error.
Chromium was detected in the second and third quarters at
concentrations ranging up to 1.387 micrograms per cubic
meter. Additional particulate sampling is being performed
at this time, but the results are not yet available.
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5.10 TREATABILITY STUDIES
A variety of treatability studies were carried out on

surface water, groundwater, and soil gases emitted from the
East Hide Pile. These treatability studies supported
design of treatment systems for disturbed surface water
during dredging of wetlands and streams, the interim
groundwater remedy, and the remedy for the East Hide Pile.

$5.10.1 Surface Water Treatability
PDI Task SW-2, Surface Water Treatability, was implemented

in order to address treatment of the water in streams and
wetlands which might be disturbed during Site remediation
by the removal of Hazardous Substances, and the pore water
draining from dredged sediments which contain Hazardous

Substances.

The data needs for PDI Task SW-2 were based upon a review
of RI/FS data in relation to the Consent Decree objectives
(Golder, 1989). The primary data needs are:

1. To determine the applicable treatment
requirements;
2. To identify the Hazardous Substances which might

be present in disturbed surface water due to
excavating (dredging) sediments, or draining of
pore water from excavated sediments, including
entrained and dissolved substances; and,

3. To assess the treatability of the disturbed
surface water.

The data needs and rationale are described further in the
Pre-Design Work Plan (Golder, 1989). PDI Task SW-2 was
divided into two phases. The objective of the initial
phase was to determine if Hazardous Substances become
dissolved or entrained in disturbed surface water and/or
sediment pore water during excavation. The objective of
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the second phase, if required, was to perform treatabi:..cy

studies to assess what treatment may be necessary.

5.10.1.1 Field Program
Phase 1

Field sampling and sample processing were performed during
January 22 to 24, 1991. Samples of pore water and
disturbed surface water were collected from five stream and
pond locations. These sampling locations were proposed in
the PDI Task SW-1 Interim Report on the Extent of Hazardous
Substances in Wetlands and Surface Water Sediments (Golder,
1990k). Approval by the Agencies included a reduction from
the ten sample locations proposed in the Pre-Design Work
Plan to five sample locations due to the limited number of
areas where dredging would be involved to construct the
Consent Decree remedy. The samples were obtained from the
following locations (Golder, 1991p):

- Standing water at the north end of the New Boston
Street drainway;

- The northern half of the West Chromium Lagoon;

- The Atlantic Avenue drainway on Boston Edison
Right-of-Way No. 9;

- The southwestern portion of Wetland 1C; and,

- The southern half of Wetland 3B.

Sediment samples were collected by shovel from the two
shallow stream locations and by Eckman dredge at the three
pond locations. Samples o©of surface water were also
collected at each location. The water bodies were frozen
to a depth of four to eight inches but the ice did not
extend completely to the water/sediment interface at any of
the sample iocations. All sample handling equipment was

decontaminated prior to sampling 1in accordance with
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procedures described in the Field Sampling Plan in the Pre-
Design Work Plan (Golder, 1989).

Phase 2

Non-settleable Hazardous Substances were detected in the
Phase 1 samples (see Section 5.10.1.2). Therefore, Phase 2
testing was necessary in order to evaluate suspended solids
removal by sedimentation processes. Samples were collected
from two 1locations considered representative of the
conditions encountered during Phase 1 testing. Separate
sediment and surface water samples were collected at each
location and shipped to a treatability laboratory (Golder,
1991q) .

5.10.1.2 lLaboratory Prodgram
Phase 1

The collected sediment and water samples were taken to the
Site trailer for processing to prepare surface water
samples for analytical testing. Pore water samples were
prepared by placing the sediment in a Buchner funnel,
applying a slight vacuum and allowing the pore water to
drain into a polypropylene Erlenmyer flask. Aliquots of
the extracted pore water were then transferred to sample
jars for analytical testing for +total suspended solids
(TSS) and total arsenic, lead, and chromium. The remaining
pore water was filtered through a 0.45-micron membrane
filter into sample jars for dissolved arsenic, lead, and
chromium analyses.

Samples of "disturbed" surface water to simulate the
surface water produced by excavation (dredging) were
prepared in one liter glass reaction vessels.
Approximately 200 cubic centimeters (cc) of sediment was
placed in the reaction vessel with 750 cc of surface water.

The mixture was shaken for one minute and allowed to settle
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for one hour. The supernatent liquid was decanted into
sample jars for - analytical testing for TSS and total
arsenic, lead and chromium. Samples for dissolved arsenic,
lead, and chromium in the supernatent were obtained by
filtering through a 0.45-micron membrane filter into sample
jars. The remaining supernatent was retained to produce a
composite sample of disturbed surface water for additional
tests. The additional tests on the composite sample
included TCL organic compounds and total and dissolved TAL
metals. The composite sample was also submitted for
analysis of total dissolved solids (TDS), TSS, ammonia,
total Kjeldahl nitrogen (TKN), nitrate/nitrite, chemical
oxygen demand (COD), 5-day carbonaceous biochemical oxygen
demand (BOD), total organic carbon (TOC), total inorganic
carbon (TIC), alkalinity, orthophosphate, sulfide, and
sulfate.

The samples were analyzed by USEPA "Wastewater" and SW-846

methods (USEPA, 1983, 1886b). The laboratory QA/QC
procedures were 1in accordance with the QAPjP (Golder,
1989). Further details and the test results of the

laboratory program are described in the PDI Task SW=-2
Interim Report on Surface Water Treatability (Golder,
1991p) .

Phase 2

Non-settleable Hazardous Substances were detected in the
Phase 1 samples. Therefore, Phase 2 testing was necessary
in order to evaluate suspended solids removal by
sedimentation processes. Because polymers and chemicals
such as ferric chloride can enhance settling of suspended
solids, they were included in the treatability testing
program. The evaluation of settling was performed by
conducting jar tests and column settling tests. The column
settling tests utilized vertical test columns which allowed
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settling to be evaluated as a function of both time and
depth (Golder, 1991q).

Treatability samples were prepared by mixing fresh aliquots
of the sediment and surface water samples just prior to
testing. Jar tests included evaluation of enhanced
flocculuation using ferric chloride and polymer. After
optimum dosages of ferric <chloride and polymer were
evaluated by the jar tests, three separate column settling
tests were performed using untreated influent, ferric
chloride-treated influent, and polymer-treated influent. A
fourth set of settling tests were performed to simulate the
high-pH metals precipitation process incorporated into the
design of the physical-chemical groundwater treatment
system.

The treatability testing effluent samples were analyzed
according to the same procedures as the Phase 1 test
samples.

5.10.1.3 Surface Water Treatability Results
The results and conclusions of the Surface Water

Treatability testing are summarized in this section. The
PDI Task SW-2 Interim and Interim Final Reports should be
consulted for further information (Golder, 1991p, 1991q).

Phase 1

Detectable concentrations of arsenic and lead were present
in both filtered and unfiltered samples of disturbed
surface water and sediment pore water from the five areas
sampled which might be dredged as part of the Consent
Decree remedy for streams and wetlands. Chromium was not
detected in filtered samples at any of the five sampled
locations. However, chromium was present in the unfiltered
samples. Toluene (7 ppb) was the only TCL organic analyte

Golder Associates



April 1992 5-107 903-6400

detected in the composite sample. A variety of TAL metals
were detected, and detectable concentrations of all

conventional analytes, except sulfide, were present.

The analytidal test results for disturbed surface water and
sediment pore water were compared with the ambient water
quality criteria presented in the 30% Design Report
(Golder, 1990i) 1in order to identify possible water
treatment requirements before disturbed surface water is
discharged to streams. The total (unfiltered) metals
samples exceeded the acute (short-term) water quality
criteria for arsenic, cadmium, chromium, copper, iron,
lead, and mercury. Surface water treatability studies
(i.e., the second phase of PDI Task SW-2) were therefore
necessary in order to determine if the Hazardous Substances
detected in the unfiltered samples could be removed by
physical treatment methods (e.g., settling), or if chemical
treatment methods (e.g., coagulation/flocculation) are
required.

Phase 2

Gravity settling without coagulant (ferric chloride and
ionic polymer) addition was found to be effective in
removing over 95 percent of the TSS. Both coagulants
increased TSS removal over untreated settling. Coagulants
did not improve removal of total arsenic, but coagulants
did improve removal of total chromium and lead. High-pH
metals precipitation was also found to be effective in
removing many types of metals, including arsenic, lead, and
chromium.
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5.10.2 Groundwater Treatability
The objective of Task GW-3, Groundwater Treatability, was

to produce performance data for unit process design and to
demonstrate the capability of the proposed system to comply
with proposed effluent gquality standards. Hazardous
Substances of primary concern identified during the RI/FS
were VOC’s (benzene and toluene), and odorous compounds
such as hydrogen sulfide and methyl mercaptan (Stauffer,
1985). The treatment methods selected in the ROD for
groundwater remediation were hydrogen peroxide oxidation
for odor control and air stripping for removal of VOC’s
(USEPA, 1986a). In general, the RDAP (USEPA, 198%a)
requires that:

".,..Settlers shall pretreat recovered groundwater to
control odors and to remove dissolved or suspended
Hazardous Substances, and shall subject the recovered
groundwater to air stripping to remove volatile
Hazardous Substances...."

The data needs and methodology for PDI Task GW-3 are
described in the Pre-Design Work Plan (Golder, 1989). The
data needs for groundwater treatability were based upon the
Hazardous Substances identified in the RI/FS and the

requirements of the ROD and the Consent Decree.

The methods and results of Task GW-3 to date are summarized
below. The discussion is divided between two approaches to
groundwater treatment: a physical-chemical system and an
alternative biological treatment system (The Advent Group,
Inc., 1991).

5.10.2.1 Physical-Chemical Treatment
Groundwater samples were obtained for initial treatability

testing in late June, 1990 from observation wells OW-16 and
Oow-17. These wells are located in the upgradient and

downgradient ends, respectively, of the inferred benzene-
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toluene plume. Observation well OW-16 is located about 200
feet north of the intersection of Commerce Way and Atlantic
Avenue. Observation well OW-17 is located about 200 feet
south of the Boston Edison Right-of-Way No. 9 near the east
edge of Halls Brook Holding area. These two wells were
selected for initial treatability sampling on the basis of
the latest data available from the Phase I GSIP RI at that
time. This data indicated that OW-16 had the highest
concentrations of toluene and total sulfide, and that OW-17
had the highest concentrations of benzene. Consistent with
the PDWP, the initiai groundwater treatability samples were
collected from the wells exhibiting the highest
concentrations of Hazardous ‘ubstances so that the
groundwater treatability work was conducted for projected
"worst-case" influent conditions for benzene, toluene, and
odors.

The initial groundwater treatability results were
inconclusive and additional Hazardous Substances, other
than benzene, toluene and odors addressed in the PDWP, were
detected in the groundwater. A Supplementary Work Plan was
therefore prepared in November, 1990 for PDI Task GW-3
Groundwater Treatability (Golder, 1990e).

In the Supplementary Work Plan, four composited samples
were to be obtained for groundwater treatability testing in
order to represent the expected range of groundwater
influent characteristics. The four influent samples were
designated as samples A, B, C ard D, and were obtained from
the following observation wells in early December, 1990:

Sanmple Source

A Oow-13

B OW-16, OW-17 and OW-31
c OW-14 and OW-18
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D OW-14, OW-16, OW-17, OW-18 and OW-31

As described in the Supplementary Work Plan (Golder,
1990e), a three-phased approach was used to determine the
applicable water treatment processes. The three phases
were as follows:

Phase 1 - Initial screening tests (batch tests) to
identify appropriate operating conditions
for the various unit processes;

Phase 2 - Confirmation testing (batch and continuous
flow tests) to confirm the results of Phase
1 and to generate effluent data which can be
used to estimate the performance of the
full-scale system; and,

Phase 3 - Evaluation of additional treatment processes
for removal of arsenic and ammonia.

The treatability tests were performed: using equipment
commonly used to simulate the unit processes on a bench
scale. Phase 1 and Phase 2 tests were performed in the
field laboratory at the Site between December 4 and
December 21, 1990; and Phase 3 testing was performed at the
Jordan, Jones & Goulding, Inc. fixed laboratory in Atlanta,
Georgia.

The Phase 1 treatability testing program consisted of the
following batch tests:

- Oxidation by hydrogen peroxide;
- Metals precipitation;

- Air Stripping;

- Granular Carbon Absorption;

- Ozonation; and,

- Ion Exchange.
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The Phase 2 treatability testing consisted of batch and
continuous flow testing in order to simulate the effluent
which would be produced by a full-scale system. The
sequence of unit processes tested were: oxidation, two
stage metals precipitation, air stripping, ozonation,
granular carbon absorption and ion exchange.

The results of the first phase (initial screening tests)
were presented in an Interim Report (Golder, 1991r). The
Interim Report includes a summary of the available
groundwater quality data from PDI Task GW-1, Plume
Delineation (Golder, 1991c, 19914), and the Phase I GSIP RI
(Roux, 1991a). It also identifies additional |unit
processes required to treat additional Hazardous Substances
not addressed by the Consent Decree.

The results of all physical-chemical treatability testing
are summarized in the Interim Final Report (Golder, 1991qg).
Over 84 percent removal of hydrogen sulfide was achieved by
chemical oxidation at a hydrogen peroxide dosage of 50 mg/l
and a reaction time of 1 hour. Hydrogen sulfide was also
removed by the first-stage metals precipitation and
ozonation unit processes. Chemical oxygen demand was
removed by both granular activated carbon (GAC) and
ozonation at efficiencies of 65 percent and 85 percent,
respectively. Arsenic removal was demonstrated to have
occurred by several mechanisms. Settling in the first-
stage metals precipitation unit was effective when arsenic
was in the particulate form. Oxidation was also effective
in aiding arsenic precipitation by other mechanisms. Iron
coprecipitation also removed arsenic. Benzene and toluene
were effectively removed by air stripping and ozonation
processes. Acetone was removed by GAC. Various metals
were removed by the first-stage metals precipitation
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process, while other metals were removed by the second-
stage process. ’

The Interim Final Report (Golder, 1991g) should be
consulted for more detailed information concerning
Hazardous Substances in groundwater, expected influent
composition, treatability testing, and treatment plant
processes.

5.10.2.2 Biological Treatment
Additional groundwater treatability studies are also being

performed at this time to evaluate the feasibility of
designing a fluidized bed biological treatment system which
might be more efficient than the physical-chemical
treatment system (The Advent Group, Inc., 1991).

5.10.3 Gas Treatability
The objectives of PDI Task A-2, Gas Treatability, included

the further definition and characterization of Hazardous
Substances and odors at the East Hide Pile and
determination of their emission rates (Golder, 1989). The
data from the gas treatability study was required to
evaluate the selected alternatives for the gas treatment

system in relation to gas composition and emission rates.

The methodology and results of PDI Task A-2 are presented
in the Interim Final Report (Golder, 19900). Gas samples
were collected and emission rates were measured in two
sampling rounds in May and August, 1990. Emission rates
were measured at existing gas vents (wells) and also by
using a flux chamber. Gas samples for analytical testing
were collected from the gas vents and from flux chambers.
Atmospheric temperature and pressure were recorded at the

meteorologic station on-Site during each sampling round.
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The recovered gas samples were forwarded to the laboratory
for analytical testing in accordance with the Pre-Design
Work Plan (Golder, 1989).

The gas samples were analyzed in the laboratory for VOC’s,
reduced sulfur compounds (including hydrogen sulfide and
methyl mercaptan), and methane. The results of the PDI gas
treatability studies are presented in the Interim Final
Report (Golder, 19900). The compounds which were detected
include benzene, toluene, ethylbenzene, chlorobenzene,
dichloro-benzene, methane, and hydrogen sulfide. The most
common constituent was methane at concentrations ranging
from 5.5 to 240,000 ppm (by volume). Hydrogen sulfide
concentrations ranged from 0.027 to 2760 ppm, and traces of
the remaining constituents were present from 4.4 ppm to
less than the detection limits. The test results indicated
that the East Hide Pile gas contained up to 24 percent
methane, 0.28 percent hydrogen sulfide, and less than 0.004
percent volatile organics. The remaining 75.7 percent was
likely composed of carbon dioxide with smaller amounts of
nitrogen and other fixed gases. The range of emission
rates was estimated to be between 33 and 63 standard cubic
feet per minute (scfm).
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S5.11 OTHER INVESTIGATIONS
As part of the PDI Site Monitoring Plan (Golder, 1991s),

potential settlement of the East Hide Pile was investigated
by installation and subsequent monthly surveying of steel
rods. The results showed that small heave and settlement
movements have been recorded (typically less than 0.03
feet). The absolute movements were small with no apparent
pattern and within the range of survey closure errors.
Therefore, it was concluded that the East Hide Pile is in
settlement equilibrium and no further monitoring is
required.

As part of PDI Task S-3, potential off-Site sources of
borrow material were evaluated for geotechnical properties
and compliance with design criteria given in the RDAP. The
results are presented in the Interim Final Report (Golder,
1990p) .
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5.12 REMEDJIAL DESIGN

The Remedial Design has 1issued a variety of reports
(Golder, 1990i, 1991h, 1991i, 1991j, 1991k, 1991m, 1991t,
and 1991u) leading up to this 100% Design. Supplemental
PDI investigation results for Task S-4, Foundations, were
presented in Appendix 8-B of the 60% Design Report (Golder,
19913j) and will also be included in Part II of this report
since the work relates to the Groundwater Treatment Plant.
Supplemental res.its for Task SW-1, Extent of Hazardous
Substances in Wetlands and Surface Water Sediments, were
presented 1in Appendix 13-A of the 95% Design Report
(Golder, 1991m) and are also included in Appendix 13-A of
this report.
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(30% Design), Response to Comments, Industri-Plex Site,

Woburn, MA, January.

Golder Associates 1Inc., 1991i. 30% Design Supplement
Report, Industri-Plex Site, Woburn, MA, (2 Volumes),
February.

Golder Associates 1Inc., 1991j. 60% Design Report,
Industri-Plex Site, Woburn, MA (9 Volumes), April.

Golder Associates 1Inc., 1991k. 60% Design Response_ to
Comments, Industri-Plex Site, Woburn, MA, July.

Golder Associates Inc., 19911. Pre-Design Investigation,
as S-1 Extent of Hazardous Substances in Soils

Supplemental Report, Industri-Plex Site, Woburn, MA,
January.

Golder Associates 1Inc., 1991m. 95% Design Report,
Industri-Plex Site, Woburn, MA, August.

Golder Associates Inc., 1991n. Baseline Air Survey, Pre-

Design Investigation, Task A-1, Interim Report No. 3,
Industri-Plex Site, Woburn, MA, December.

Golder Associates Inc., 1991lo. Baseline Air Survey, Pre-

Design Investigation Task A-1, Interim Final Report,
Industri-Plex Site, Woburn, MA, May.

Golder Associates Inc., 1991p. Pre-Design Investigation,

Task SW-2, Surface Water Treatability, Interim Report,
Industri-Plex Site, Woburn, MA, February.

Golder Associates Inc., 1991qg. Pre-Design Investigation
Task SW-2, Surface Water Treatability, Interim Final
Report, Industri-Plex Site, Woburn, MA, April.

Golder Associates Inc., 1991r. Pre-Design_Investigation,
Task GW-3, Groundwater Treatability, Interim Report #3,

Industri-Plex Site, Woburn, MA, January.

Golder Associates 1Inc., 1991s. Site Monitoring Plan,
Industri-Plex Site, Woburn, MA, April, with revisions in
September, 1991.

Golder Associates Inc., 1991t. 95% Design Response to
Comments, Industri-Plex Site, Woburn, MA, November.

Golder Associates
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Golder Associates Inc., 1991u. 100% Design Report, Part I,

Industri-Plex Site, Woburn, MA, December.

Janpet Associates, Inc., 1990. Letter to Industri-Plex
Site Remedial Trust describing existing site conditions,
January 19, 1990.

LIU Aerial Surveys, Inc., 1989. Black & White Panchromatic
Aerial Photographs, Scale 1 in. to 800 feet., Photo date
November 22, 1989.

Nishida, Y., 195s. "A Brief Note on Compression Index of
Soil,"™ Journal of Soil Mech. and Found. Div., Proc. ASCE,

82, No. SM3, pp. 1027-1 to 1027-14.

Normandeau Associates Inc., 1990. Wetland Evaluation of
the Fast-West Hide Pile Wetland, Industri-Plex Site,
Woburn, MA, PDI Task SW-3 Interim Report, June.

Roux, see Roux Associates, Inc.

Roux Associates, Inc., and others, 1991a. Phase 1 Remedial

Investigation, Ground-Water/Surface-Water Investigation

Plan, (5 Volumes), Industri-Plex Site, Woburn, MA, June.

Roux Associates, Inc., and others, 1991b. Work Plan for
the Ground-Water/Surface Water Investigation Phase 2
Remedial Investigation, July.

SAIC Engineering, Inc., 1990a. Plan of Land, Woburn, MA (2
sheets, Scale 1 in. to 100 ft.), prepared for Golder
Associates Inc., April.

SAIC Engineering, Inc., 1990b. Topographic Map Compiled by
Photogrammetry, (Scale 1 in. to 100 ft., Contour Interval 2

ft.), prepared for Golder Associates 1Inc., April, and
subsequent updates.

Schmertmann, J.H., 1975. The Measurement of In-Site Shear
Strength, 6th PSC, ASCE, Vol. 2, pp. 57-138.

Southern Map Co., 1918. Merrimac Chemical Company,
Chemical Works, Woburn, MA, May.

Stauffer, see Stauffer Chemcial Company.

Stauffer Chemical Company, 1983. Woburn Environmental
Studies, Phase I Report, Environmental Assessment, April.

Stauffer Chemical Company, 1984. Woburn Environmental

Studies, Phase II Report, Volume 1, Remedial Investigation,
August.

Golder Associates
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Stauffer Chemical Company, 1985. Woburn Environmental
Studies, Phase II Report, Volume 2, Feasibility Study,
April.

U.S. Environmental Protection Agency, 1980. Industri-Plex
Site, Consent Decree, Civil Action No. 79-1247-MC, May.

U.S. Environmental Protection Agency, 1982. Site
Investigation of Industri-Plex 128 and Surrounding Areas in

Woburn, MA, Photogrammetric Contour Maps (19 Sheets, Scale
1 in. to 40 ft., Contour Interval 2 ft.), prepared by Camp
Dresser & McKee Inc., February.

U.S. Environmental Protection Agency, 1983. Methods for

Chemical Analysis of Water and Wastes, EPA-~600/4-79-020,
March.

U.S. Environmental Protection Agency, 1986a, Record of
Decision, Industri-Plex Site, Woburn, MA, September.

U.S. Environmental Protection Agency, 1986b. Test Methods
for Evaluating Solid Waste, 3rd Edition, November.

U.S. Environmental Protection Agency, 1988. Region I
Laboratory Data Validation Functional Guidelines for
Ev-oluating Organics BAnalyses, Hazardous Site Evaluation
L 1ision, November.

U.S. Environmental Protection Agency, 1989a. Industri-Plex
Site Consent Decree, Civil Action Nos. 89-0195-MC and 89-
0196-MC, April.

U.S. Environmental Protection Agency, 1989b. Region I

Data Validation Guidelines for Evaluating Inorganics
Analyses, Hazardous Site Evaluation Division, February.

USEPA, See U.S. Environmental Protection Agency.

U.S. Geological Survey, 1979 and 1985. Topographic Maps
for Reading, Wilmington and Boston North Quadrangles,
Massachusetts, Scale 1:25,000.

USGS, See U.S. Geological Survey.

Wetland Management Specialists Inc., 1986. Floodplain and
Wetlands Assessment, Woburn Industri-Plex 128 Superfund

Site, Volume 1II, prepared for Roux Associates, Inc.,
Woburn, MA, July.

Golder Associates
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