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1.0 INTRODUCTION

On behalf of Boston Gas Company d/b/a National Grid (National Grid), GZA GeoEnvironmental, Inc. (GZA) has prepared
this Phase Il Comprehensive Site Assessment (Phase 1) report for the property at 284 Winter Street in Haverhill,
Massachusetts (the “Site”). A Site Locus plan is provided as Figure 1 of this report, and an Exploration Location Plan is
included as Figure 2.

The property is currently owned by Haffner Realty Trust (Haffner) and is occupied by a gasoline service station and car
wash facility. In March 2015, Haffner filed a Release Notification Form (RNF) notifying the Massachusetts Department of
Environmental Protection (MassDEP) that concentrations of certain Qil and/or Hazardous Materials (OHM) in soil samples
exceeded the Reportable Concentrations (RCs) established by the Massachusetts Contingency Plan (MCP, 310 CMR
40.0000). MassDEP issued a Notice of Responsibility (NOR) to Haffner in April 2015 and assigned Release Tracking Number
(RTN) 3-32792 to this 120-day reporting condition. Subsequently, in May 2015, MassDEP assigned RTN 3-32875 to a
2-hour reporting condition associated with a petroleum sheen on the surface water of the Little River adjacent to the
property?.

Between 2015 and 2019, response actions associated with both RTNs were conducted by Ramboll US Corporation,
formerly known as Ramboll Environ, of Westford, Massachusetts (Ramboll) on behalf of Haffner. As required by the MCP,
Ramboll submitted a Phase | Initial Site Investigation (ISI) and Tier Classification in April 2016, based on which the Site was
classified as a Tier | Site. The Phase I ISI documented that the Site had been the location of a former Manufactured Gas
Plant (MGP) operated by Haverhill Gas Works.

In November 2016, MassDEP issued an NOR to National Grid, a successor company to a former owner of the property,
noting that the liability was joint and several between Haffner and National Grid. In November 2019, following Haffner’s
signing of a settlement agreement between the two potentially responsible parties (PRPs), National Grid assumed the role
of Responsible Party for the two RTNs via a Tier Classification Transfer. Additional information about the Site’s operational
and regulatory history is provided in Section 2.0 of this report.

This report is subject to the Limitations included in Appendix A. A Comprehensive Response Action Transmittal Form
(BWSC108) has been filed electronically with MassDEP; for convenience, a copy of this form is included in Appendix B.

11 SCOPE OF WORK

This report presents information collected by GZA on behalf of National Grid under two scopes of work, which were
executed in 2016 and in 2020-2021. In 2016, GZA conducted a site investigation at the property to supplement the
information collected by Ramboll. The scope of work for the 2016 investigation included a geophysical survey of the
property; installation and sampling of eight temporary soil gas probes; collection of an ambient air sample; drilling of eight
soil borings with soil sampling; installation, gauging and sampling of three groundwater monitoring wells; collection and
analysis of non-aqueous phase liquid (NAPL) samples; and collection of sediment samples from storm water catch basins.
Since National Grid’s assumption of responsibility for MCP response actions at the Site in 2019, GZA has conducted
additional response actions to delineate the nature and extent of the release, and to characterize the potential risks
associated with the Site. These response actions were conducted in general accordance with a Phase Il Scope of Work
(SOW) included as part of Ramboll’s 2016 Phase 1 ISI, and included the collection of three additional soil gas samples; the
drilling of nine additional soil borings; the installation of three additional groundwater monitoring wells to delineate the

L A third RTN (3-34906) was assigned to the property in May 2018, when an elevated headspace reading was detected in a soil sample during the
removal of an underground storage tank (UST). Additional information about this RTN, which was subsequently closed, is provided in Section 2.3.
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extent of OHM in soil and groundwater at the Haffner property; and the collection and analysis of sediment and surface
water samples to evaluate potential impacts to the Little River. Based on the findings of these investigations, the work
scope was expanded to include the installation of four borings on properties west of the Little River, three of which were
completed as monitoring wells. The data were compiled to support an assessment of the nature and extent of OHM and
NAPL at the Site; an evaluation of the potential risks associated with vapor intrusion; and a Method 3 risk characterization
to evaluate risks to human receptors.

The Ramboll Phase Il SOW also proposed the completion of a Stage | Environmental Screening (ES). However, as described
in Section 3.2.7 of this Phase Il report, the sediment data collected by GZA in 2020 indicated that a portion of the Little
River lies within the Site boundary, and that additional investigation was required to more fully characterize conditions in
the river. National Grid contracted Anchor QEA LLC of Amesbury, Massachusetts (Anchor) to collect additional data in
support of an ecological risk characterization, and to develop remedial alternatives for the portion of the river within the
Site boundary. Anchor’s findings are presented in a supplemental Phase Il CSA report included as Appendix C of this
report.

1.2 PHASE Il CSA OBJECTIVES

As described in Section 310 CMR 40.0833 of the MCP, the objective of a Phase Il CSA is to develop and evaluate sufficient
information to support conclusions and opinions regarding the (i) source, nature, extent, and potential impacts of releases
of OHM,; (ii) risk of harm posed by the disposal site to health, safety, public welfare, and the environment; and (iii) need
for remedial actions at the disposal site. Additionally, the MCP requires that the Phase Il report document, evaluate, and
discuss the findings and conclusions of the Phase Il CSA, and where applicable, provide the basis for identifying and
evaluating remedial action alternatives. This report describes the findings and conclusions of GZA’s Phase Il investigation
in terms of the objectives established by the MCP. A Method 3 Risk Characterization (RC) addressing the objectives of
item (ii) above is included as Appendix D of this submittal.

2.0 BACKGROUND
As required by the MCP, the following sections present a description of the Site and its ownership and regulatory history.

2.1 SITE DESCRIPTION

The Site comprises a 1.2-acre parcel located at 284 Winter Street in Haverhill, Massachusetts, at latitude 42.77723N,
longitude 71.08760W (the Property), an adjacent parcel to the southeast, a portion of the Little River that abuts the
Property to the west, and a narrow strip of land just west of the river. Figure 1 presents a Site Locus Map adapted from a
United States Geological Survey (USGS) topographic quadrangle map. The Locus Map delineates the location of the Site
with respect to surrounding features in Haverhill and depicts 500-foot and %-mile radii around the Site. Figure 2 presents
an Exploration Location Plan with key features of the Property and depicts the disposal site boundary based on the data
collected during this Phase Il CSA.

The Property comprises tax lot 2-1 on City of Haverhill Tax Assessors Map 307, and is zoned for general industrial (1G) uses.
Itis owned by the Haffner Realty Trust and has been occupied by a gas station and car wash facility since 1977. Information
available on the MassDEP’s underground storage tank (UST) facility database (accessed in July 2021) indicated there are
five 20,000-gallon single-walled USTs located beneath a concrete pad in the northern part of the Property. These include
two gasoline USTs, two fuel oil USTs, and a diesel fuel tank, all of which were installed in 1977. In addition, one
6,000-gallon, single-walled diesel UST was installed in 1983 and was removed in 2018 as discussed in Section 2.3.3.
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The gasoline dispensing pumps and sales kiosk are located beneath a canopy in the north central portion of the Property,
and the automated car wash building is located along the eastern Property boundary (Figure 2). Most of the rest of the
Property is paved, with the exception of a row of trees along the eastern edge; in addition, there are small non-contiguous
landscaped areas adjacent to the car wash building and along the northern and western Property boundaries. A 15- to
20-foot-high stone and masonry retaining wall along the western and southwestern edge separates the Property from
the Little River.

The Property is bordered to the east by a Massachusetts Bay Transportation Authority (MBTA) railroad right-of-way,
beyond which is a paved parking area and a residential apartment complex, and to the north by Winter Street. To the
south and southwest of the Property lies the open channel of the Little River; past the Site, the river is culverted until its
discharge into the Merrimack River approximately ¥ mile to the south. In the vicinity of the Site, the Little River
demarcates a zoning change from IG to general commercial (CG); across the river to the west of the Property are several
commercial properties with frontage on Winter Street, Lafayette Square and/or Essex Street. As shown on Figure 2,
limited portions of the properties at 191, 221 and 235 Essex Street and 35 Lafayette Square (the portions within the Little
River channel) lie within the disposal site boundary. The adjacent areas are comprised of a steep, heavily vegetated slope
adjacent to the Little River, leading up to paved and unpaved lots used for commercial purposes. The property at 191
Essex Street is owned by the Alosky Realty Trust and identified as tax lot 296-18 on City of Haverhill Assessors Map 515; it
consists of 0.92 acres of land with an 18,000 square foot (sf) building zoned for industrial uses and occupied by Merrimac
Spool and Reel. The property at 221 Essex Street is owned by Mr. Stephen Leblanc and identified as tax lot 296-3 on
Assessors Map 515; it comprises 0.64 acres of land with a 2,400 sf building occupied by Bradford Towing and Auto Repair.
The lot at 235 Essex Street is comprised of several separate parcels totaling approximately 1.2 acres in size. The southern
portion of the lot is occupied by an auto parts store; the rest of the property is vacant. The 35 Lafayette Square property
is used for commercial purposes (including a restaurant and several retail shops) and comprises approximately 0.6 acres
of land.

The primary Site occupants include the 3-5 employees who work at the gas station kiosk and car wash facility at 284 Winter
Street. In addition, potential receptors in the western portion of the Site, which is separated from the Property by the
river, include employees and customers of the commercial and industrial facilities on Essex Street. Based on GZA’s
observations, the portions of the Essex Street properties that lie within the Disposal Site are not accessed regularly by the
property occupants. Land uses in the vicinity of the Site are a mix of commercial, light industrial, and residential uses; as
documented in previous reports, the residential population located within a Y2-mile radius of the Site is estimated to be
between 500 and 1,000 people. No institutions (as defined by the MCP) or recreational areas were identified within
500 feet of the Disposal Site.

The Little River, which abuts to the Site to the south and west, is the only natural resource area present within 500 feet of
the property. The River originates in New Hampshire to the north and flows south through Haverhill, discharging to the
Merrimack River approximately one-half mile south of the Site. A stone masonry dam is located just upstream of Winter
Street and the Site; the River enters a flood conduit that runs beneath downtown Haverhill (known as the Little River
Conduit) just south of the Site. A more detailed description of the River and discussion of the resource area is provided
with Anchor’s report in Appendix C.

No wetlands, vernal pools, or other surface water bodies are present in the Site vicinity. Further, no Areas of Critical
Environmental Concern (ACECs), including sole source aquifers, protected open space, fish habitat, threatened or
endangered species habitat, or habitat of species of special concern, have been identified in the vicinity of the Site.
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The Property is connected to the municipal water and sewer system. There are no known drinking water sources within
500 feet, including both public water supplies and private wells; however, there is one inactive and one active water well
on the Property, installed to supply the car wash operations and which are not used for drinking water. Information
provided in previous reports for the Property indicated that the wells were approximately 400 feet deep and finished in
bedrock. There is a restroom within the car wash building for employee use which is serviced by municipal water and
sewer, according to those previous reports.

2.2 SITE HISTORY

An extensive Site history was presented in Ramboll’s 2016 Phase | ISI Report; the information from that report is briefly
summarized below.

Between 1853 and 1970, the Site was occupied by an MGP facility operated by the Haverhill Gas Works, which originally
manufactured coal gas. On-site infrastructure associated with the coal gas manufacturing process included two holders,
retorts, condensers, and purifiers, as well as auxiliary sheds and other support structures. The manufactured gas was
stored in holders on the Site until 1893, when storage was moved to holders located on Hilldale Avenue.

Sometime between 1910 and 1912, the MGP facility was converted to a carbureted gas manufacturing facility that used
gas oil to manufacture gas. The process generated light oil and tar, and the facility distilled the tar to produce and sell
light oils. By the 1950s, the facility was generating more than 600,000 gallons of tar per year. Subsequently, in 1951, the
MGP began producing oil gas until production ended in 1960.

An undated historical Site plan included in Appendix E shows the various MGP structures present on the Site in the mid-
20th century. Most of the aboveground MGP infrastructure was demolished in the 1970s, but remnants of brick walls
associated with the facility are still present along the northwest boundary of the property along the Little River.

In November 1976, the Property was sold by the Haverhill Gas Company to Haffner, which began operating a gasoline
service station and car wash on the premises following tank installation in 1977. Home delivery fuel oil trucks were also
refilled at the Site from 1977 until 2015 via a loading rack located east of the car wash building. The two fuel oil USTs
formerly associated with the loading rack were listed as “In Use” on the MassDEP UST Facility database with a third-party
inspection date of February 15, 2021. However, dispensing operations for those USTs were not identified during GZA’s
Site visits. In spring 2015, HEG Inc. (HEG) assumed responsibility for the retail operations at the Property; however, Haffner
retained ownership of the Property and USTs. MassDEP’s UST facility database lists HEG, Inc. as the facility owner and
Energy North, Inc. as the operator.

2.3 REGULATORY HISTORY

According to a February 1, 2017 internal memorandum prepared by MassDEP personnel (“Memo to The Files”), MassDEP
was first notified of a release to the environment on April 19, 1988, when case number N88-552 was assigned to a release
of tar material seeping into the Little River at 284 Winter Street. The memorandum indicates that no further information
is available in MassDEP files regarding this notification. The incident was not identified as a Disposal Site or Location to
Be Investigated on lists published by MassDEP prior to the promulgation of the 1993 MCP.

2.3.1 RTN3-32792

In November 2014, Lessard Environmental, Inc. (Lessard) conducted an Environmental Site Assessment and Limited Site
Investigation at the Property, during which they drilled and installed three groundwater monitoring wells to depths
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between 15 and 22 feet below ground surface (bgs). According to Lessard, B-1/MW-1 was installed between two former
gas holders, but this exploration was actually located within a relief holder according to historical plans (Figure 2). Lessard
further indicated that B-2/MW-2 was installed within the footprint of the "water gas plant” and B-3/MW-3 was installed
east of the former coal shed; these former features are shown on the plan in Appendix E. Two soil samples and three
ground water samples were submitted for laboratory analysis; the results indicated that soil samples submitted from
boring B-1 and ground water samples collected from MW-1 and MW-2 had volatile petroleum hydrocarbons (VPH) and
polycyclic aromatic hydrocarbons (PAHSs) at concentrations above RC-S1 and RC-GW?2 reporting criteria. Based on these
findings, Haffner submitted a Release Notification Form (RNF) to MassDEP on March 30, 2015, and RTN 3-32792 was
assigned to the release.

In April 2015, Ramboll on behalf of Haffner contracted ground penetrating radar (GPR) and electromagnetic (EM)
geophysical surveys to search for evidence/relics of former MGP structures at the Property. The surveys found small scale
point and linear anomalies that were interpreted to represent remnants of former subsurface structures, foundations,
debris, piping, etc., remaining after the demolition of the former MGP facility. In particular, a large ferrous metal anomaly
was located in the approximate location of a former “8,500-gallon tar cooker” (along the western perimeter of the Site in
the vicinity of ENV-3MW).

Following the survey, Ramboll supervised the drilling of 13 soil borings across the Site at the locations designated as
ENV-1B through ENV-13B (Figure 22). Soil samples were collected continuously from the ground surface to the bottom of
each boring for field screening and logging. One soil sample from each boring was submitted for laboratory analysis of
extractable petroleum hydrocarbons (EPH) and VPH by the MassDEP methods, and seven additional soil samples from the
test borings were submitted for forensic analysis. Five of the 13 borings were completed as 1.5-inch-diameter PVC
groundwater monitoring wells (ENV-1IMW, ENV-3MW, ENV-5MW, ENV-8MW, and ENV-9MW) with a 10-foot-long
screened interval at each location. Following development, the wells were gauged for NAPL, and groundwater samples
from wells without NAPL were submitted for analysis of EPH and VPH by MassDEP Methods. The findings were presented
to MassDEP in an April 2016 Phase | ISl and Tier Classification Report, based on which the Site was classified as Tier |. The
soil and groundwater data collected by Ramboll are included in Tables 1 and 2, respectively, and have been incorporated
into the data evaluation and risk characterization sections of this Phase Il report.

2.3.2 RTN3-32875

On May 12, 2015, while conducting response actions under RTN 3-32792, Ramboll observed a sheen in the Little River
emanating from the base of the retaining wall along the western edge of the Property. Upon oral notification of this
2-hour reporting condition, MassDEP assigned RTN 3-32875 to the release?® and approved an Immediate Response Action
(IRA) that included sheen containment via sorbent booms; assessment of the USTs at the Site; assessment of subsurface
contamination that could be contributing to the sheen; and assessment of Site conditions that could represent an
Imminent Hazard (IH) or Substantial Release Migration (SRM) condition. The following sections describe the activities
conducted under the IRA to address each of these criteria.

2.3.2.1 Sheen Containment

Under the IRA, Clean Harbors Environmental Services (CHES) installed and maintained temporary absorbent booms within
the Little River until November 2016, when they were replaced by a semi-permanent containment boom system. The

2 In cases where a monitoring well was installed in the boring, the location is designated as ENV-#MW on Figure 2. However, the soil data table
(Table 1) and discussion in Section 6.2 retain the ENV-#B designation originally assigned to the location.
3 In their April 2016 Phase | ISl and Tier Classification submittal, Ramboll linked RTN 3-32875 to the primary Site RTN 3-32792.
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system consists of a curtain/flotation boom and sorbent “sausage” booms attached to support structures, which were
described by Ramboll in their IRA status reports as follows:

The boom support structures consist of 14 horizontal aluminum supports installed at approximate 20-foot intervals
along the retaining wall. The boom supports are constructed of square aluminum tubing attached to the concrete wall
with stainless steel base plates and wedge anchors. The supports extend from approximately 8 to 19 feet from the
retaining wall. Schedule 80 aluminum boom-support pipes extend vertically downward from the horizontal tubing and
rest on square aluminum base plates resting on the riverbed. The boom supports are reinforced with gusset plates,
additional aluminum piping, and stainless steel cables (2 per support) anchoring the vertical pipes to the retaining wall
for additional stability.

The curtain/flotation boom is attached to the boom support structures using metal rings, which allow for the boom to
rise and fall on the supports with changing river levels, allowing the containment boom to remain on the water surface
where it contains sheens emanating from the retaining wall. There are also ropes affixed to the curtain/flotation boom
and boom supports that allow for the manual adjustment of the containment boom, if necessary. Finally, replaceable
sorbent “sausage” booms are attached to the inside of the curtain/flotation boom which are replaced as necessary (as
they become saturated with NAPL).

Between May 2015 and October 2019, Ramboll and CHES monitored and maintained the booms at the Site and
documented their findings in IRA status reports. In November 2019, IRA performance was transitioned to GZA on behalf
of National Grid, whose activities are documented in Section 3.3.

2.3.2.2 UST Assessment

According to the 2017 MassDEP memao described above, UST systems at the Site passed tightness testing in January 2015
and May 2015, and a reconciliation of three months of tank monitoring records did not reveal discrepancies in quantities
delivered and dispensed.

2.3.2.3 Assessment of Subsurface Contamination Contributing to the Sheen

As described earlier, Ramboll installed and sampled a number of soil borings and monitoring wells across the Site to assess
subsurface conditions. The September 2015 IRA status report indicated that a sheen and/or measurable light non-
agueous phase liquid (LNAPL) was detected in wells ENV-3MW, ENV-5MW, ENV-8MW and ENV-9MW at thicknesses of up
t0 0.22 feet. Oil sorbent socks were installed in these wells and were monitored and replaced as necessary. InJune 2016,
the IRA Plan was modified to allow for LNAPL recovery using a peristaltic pump, and the use of sorbent socks was
discontinued.

Following the installation of additional wells by GZA as discussed in Section 3.1.4, approximately 4 feet of LNAPL was
measured in well NFSB-02(MW). When present, NAPL was recovered from this well, as well as ENV-3MW and ENV-9MW,
using a peristaltic pump. Ramboll’s NAPL recovery efforts under the IRA resulted in the removal of approximately
29 gallons of NAPL from the Site through September 2019, of which approximately 27 gallons were recovered from NFSB-
02(MW). Subsequent IRA monitoring and NAPL recovery efforts by GZA are discussed in Section 3.3.2.

In addition to the subsurface assessment efforts described in Section 2.2, Ramboll also submitted samples of the following
materials for forensic analysis in May 2018: (i) a tar-like substance emanating from an old discharge pipe exiting the
retaining wall along riverbank; (ii) a tar fragment from 10 — 12.5 feet bgs at soil boring ENV-9B; and (iii) a sample of LNAPL
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observed to be emanating from a space between several stones at the base of the retaining wall. Based on the laboratory
reports, Ramboll concluded that historical MGP operations at the Property likely contributed to the release at the Site.

2.3.2.4 |H/SRM Evaluation

Based on an inspection of Site conditions, Ramboll concluded that no IH or SRM was identified associated with the existing
subsurface stormwater conveyances (catch basins and piping) at the Site. However, it was determined that a condition of
SRM did exist based on the observed tar-like substances apparently discharging to the Little River via a pipe protruding
from the wall. Therefore, hydraulic cement was used to seal this pipe and terminate this migration pathway.

2.3.3 RTN 3-34906

In May 2018, the 6,000-gallon single-walled diesel UST was removed from the Property in the presence of representatives
from Ramboll and GZA. It was noted that the spill bucket for the fill port on the eastern end of the UST was severely
corroded, and localized NAPL was observed in the pea gravel below the bucket. Headspace readings of samples from this
area exceeded the MassDEP 72-hour reporting threshold of 100 parts per million by volume (ppmV), resulting in a
notification to MassDEP and the assignment of RTN 3-34906 to the release. The UST was removed, and the impacted pea
gravel and sand fill material in the vicinity of the fill port (<3 cubic yards) were excavated and transported off-Site for
disposal. Ramboll indicated that no staining, odors, or elevated headspace readings were observed in the fill material in
direct contact with the UST in other areas, and a confirmatory soil sample from beneath the UST was found to have no
VPH or EPH above laboratory reporting limits. Based on these findings, Ramboll submitted a Permanent Solution
Statement (PSS) for RTN 3-34906 to MassDEP on July 2, 2018 on behalf of Haffner.

A brick foundation was observed along the southern sidewall of the UST excavation near the fill port which was attributed
to a former MGP holder or ancillary structure. In addition, pieces of concrete debris also attributed to the former MGP
infrastructure were encountered along the northern sidewall of the UST excavation near the fill port.

2.4 MASSDEP NOTICES AND FILING DEADLINES

MassDEP issued an NOR to Haffner under RTN 3-32792 on April 10, 2015, and subsequently issued an NOR to National
Grid under RTN 3-32875 on November 29, 2016; the latter noted that a similar notice had been sent to Haffner, and that
the liability was joint and several. On October 11, 2019, MassDEP issued a Notice of Noncompliance (NON) to Haffner for
failure to submit a Phase Il CSA within three years of the original RNF. The NON established a deadline of April 6, 2020 for
submittal of a Phase Il report and, if applicable a Phase Ill Remedial Action (RAP) and Phase IV Remedy Implementation
Plan (RIP). The following month, on November 7, 2019, Haffner’s LSP of Record submitted a Notification of Delay (NOD)
accompanied by a letter of resignation in anticipation of the transfer of responsibility from Haffner to National Grid.

On November 26, 2019, GZA on behalf of National Grid submitted a Tier Classification transfer that took effect on
December 26, 2019. In response, MassDEP issued an NOR to National Grid under RTN 3-32792, which was followed on
March 13, 2020 by a notice re-establishing Response Action Deadlines for the Site. The re-established deadlines required
submittal of a Phase Il CSA, and if necessary, a Phase Ill RAP and a Phase IV RIP, by August 4, 2020, and a PSS by April 6,
2021. Based oninitial data from this Phase Il study, National Grid contacted MassDEP in June 2020 to discuss an additional
extension to the response action deadlines for the Site. MassDEP and National Grid subsequently negotiated an
Administrative Consent Order (ACO, Enforcement Document 00009941NT issued by MassDEP on October 2, 2020)
extending the Phase Il CSA deadline until April 6, 2022. In compliance with the terms of the ACO, National Grid filed a Tier
Classification Extension on February 19, 2021 to allow the continuation of assessment and remedial response actions at
the Site.
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Following Ramboll’s Phase | ISI, GZA on behalf of National Grid conducted supplemental site investigations in 2016 and
2020-2021 as described in the following sections.

3.0 GZA FIELD INVESTIGATION - 2016

In 2016, GZA conducted a field investigation at the Property in collaboration with NewFields Environmental Forensics
Practice, LLC (NewFields) of Rockland, Massachusetts. The goal was to collect additional data from across the Property
and the river to better understand potential sources for the LNAPL and tar detected by Ramboll during its Phase | ISI and
IRA activities. The data obtained from the survey and sampling activities are described below and were used to develop
the Conceptual Site Model (CSM) for this Site.

3.1 GEOPHYSICAL SURVEY

GZA subcontracted with Hager-Richter Geoscience Inc. (HRGS) of Salem, New Hampshire, to perform a geophysical survey
of the Property prior to initiating subsurface explorations. The purpose of the survey was to identify subsurface
obstructions such as buried piping, utilities, and/or concrete or metal infrastructure that could interfere with subsurface
explorations. On September 15, 2016, GZA personnel observed HRGS conduct GPR, time domain electromagnetic
induction metal detection (EM-61), and Precision Utility Locating (PUL) surveys. The survey excluded the car wash building
and the southeastern wooded/brush area, where no subsurface investigations were proposed. The geophysical survey
report identified subsurface utilities, two large, buried objects near the northwest corner of the car wash, a buried
reinforced concrete structure along the western edge of the Property, and areas of buried metal, particularly in the
northwest portion of the Property (Appendix F). The buried objects near the car wash were described as being
approximately 3 feet by 10 feet, located approximately 2.5 to 3 feet bgs, of a size and shape somewhat consistent with
small USTs. The objects could not be conclusively identified; HRGS speculated that they could be related to piping
associated with a former water well located less than 10 feet away. It is also possible that these objects were recirculation
tanks associated with car wash operations; Lessard had indicated that such tanks were present beneath the building
footprint, but did not identify their exact location. The buried concrete structure along the western property edge was
reported by HRGS to be approximately 10 feet by 35 feet in size, and located less than 1 foot bgs; it was attributed to
unspecified infrastructure associated with former MGP operations at the Property.

Based on the HRGS findings, and with input from Ramboll on behalf of Haffner, the locations of several of the proposed
subsurface explorations were adjusted.

3.2 SOIL GAS SAMPLING

On October 18, 2016, GZA personnel installed eight stainless steel soil gas probes (NFSV-01 through NFSV-08) within
and/or proximate to the UST concrete pad and the gasoline dispensing island apron. The locations of the soil gas probes
are shown on Figure 2. Soil screening with a photo-ionization detector (PID) for the presence of volatile organic
compounds (VOCs) was conducted during probe installation and samples were collected in accordance with the
procedures outlined in Appendix G. Additionally, an ambient air sample (NFAA-01) was collected upwind of the gasoline
dispensing islands during the helium leak testing and collection of the soil gas samples (see Figure 2). The soil gas and
ambient air samples were submitted under chain-of-custody by GZA/NewFields to Alpha Laboratories of Westborough,
Massachusetts (Alpha) for PIANO (Paraffins, Isoparaffins, Aromatics, Naphthalenes, Olefins) analysis via United States
Environmental Protection Agency (USEPA) Method TO-15. The laboratory analytical report is included in Appendix H and
the results are summarized in Tables 3A and 3B.
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3.3 CATCH BASIN SEDIMENT SAMPLING

On October 18 and 19, 2016 GZA personnel collected sediment samples (NFCB-01 and 02) from two storm water catch
basins located on the Property and one sample (NFCB-03) from a catch basin located in the northwest corner of the gas
station on City of Haverhill property; sample locations are shown on Figure 2. The sediment samples were collected using
a stainless-steel hand auger, and were submitted by GZA/NewrFields to Alpha for forensic analysis. The laboratory
analytical report is included in Appendix .

3.4 2016 SOIL BORING/MONITORING WELL INSTALLATION

Between October 20 and October 25, 2016, Technical Drilling Services Inc., (TDS), of Sterling, Massachusetts, under
subcontract to GZA, advanced soil borings at nine locations (NFSB-01 through NFSB-09) on the Property via vacuum
excavation and GeoProbe® techniques. Initially, each location was pre-cleared using vacuum excavation techniques to a
depth of 5 to 8 feet bgs. Soil samples were collected at approximately 1-foot intervals via hand auger in advance of the
vacuum excavator. Shallow refusals (<5 feet bgs) were encountered at locations NFSB-01A, NFSB-02A, NFSB-02B,
NFSB-03A, NFSB-03B, NFSB-05A, NFSB-09A, NFSB-09B, and 09C on obstructions (e.g., foundations), debris (e.g., bricks),
and/or large cobbles or boulders. Following pre-clearing, each boring location was backfilled with soil cuttings and
temporarily patched with asphalt.

On October 24 and 25, 2016, GZA observed the advancement of eight soil borings (NFSB-01 through NFSB-08) by TDS
within the previously vacuum excavated boreholes via GeoProbe® direct push drilling techniques. A GeoProbe® Dual Tube
Sampler (model DT-22) was used to collect soil samples from the borings beyond the limits of the vacuum excavation
depth, extending to depths ranging from 14.75 feet* to 25 feet bgs. Collection of deeper soil samples via GeoProbe® was
not attempted at location NFSB-09, where shallow refusals were encountered on four attempts during vacuum excavation
pre-clearing, due to the potential for encountering subsurface utility lines. Soil samples were obtained in 5-foot-long
acetate sleeves from the GeoProbe® DT22 sampler. GZA personnel logged soil descriptions from each sample sleeve,
collected samples for PID screening, and collected soil samples for laboratory analyses. Descriptions of the soil samples
and field screening data are provided in the soil boring/well completion logs in Appendix J.

Three of the soil borings were completed as groundwater monitoring wells (NFSB-01(MW), 02(MW), and 08(MW)). The
wells were constructed as 1.5-inch-diameter PVC wells with 10-foot-long sections of pre-packed screens; additional well
construction details are shown on the logs (Appendix J). Following installation, the wells were developed and
approximately three to five well volumes were purged from each location.

Select soil samples from the 2016 borings were submitted by GZA/NewFields to Alpha under chain-of-custody for analysis
of High-Resolution Hydrocarbon Fingerprint (HRHF) by gas chromatograph-flame ionization detector (GC-FID). Certain soil
samples were also analyzed for alkylated PAHs and geochemical biomarkers (BIO). Two field duplicate samples were
collected for Quality Assurance/Quality Control (QA/QC) purposes from soil borings NFSB-02 (DUP-1-15-20") and NFSB-03
(DUP-2-15-17"). The laboratory analytical report is included in Appendix | and was used to support NewFields’ conclusions
as presented in Section 3.7.

3.5 GROUNDWATER SAMPLING

On November 1, 2016, GZA personnel gauged eleven wells - the three newly installed wells (NFSB-01(MW), NFSB-02(MW),
and NFSB-08(MW)) and the eight wells previously installed by Lessard and Ramboll. An oil-water interface probe was used

4 50il boring NFSB-05 encountered refusal at 14.75 feet bgs on suspected cobbles or boulders.
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to measure the depth to water and depth to NAPL, if present, in each well. The monitoring well gauging data are
summarized in Table 4, which also includes results from IRA activities at the Site. As shown in Table 4, approximately 0.27
feet of LNAPL was measured in newly installed well NFSB-02, which was located immediately south of the known fuel
dispenser area. This well was installed within the area of a former “Concrete Hot Water Well” associated with the former
MGP, according to the undated historical plan in Appendix E. Consistent with Ramboll’s findings, LNAPL was also detected
in previously installed wells ENV-03MW (0.02 feet) and ENV-09MW (0.17 feet) during the November 1, 2016 gauging
event; monitoring well ENV-05MW was noted to have a petroleum sheen.

Following gauging, GZA purged and collected groundwater samples from wells NFSB-01(MW) and NFSB-08(MW). A field
duplicate (DUP-1) was collected from well NFSB-01(MW) for QA/QC purposes. The wells were purged using USEPA low-
flow techniques using a peristaltic pump, dedicated tubing, and a flow through cell equipped with a multi-meter for
monitoring groundwater parameters (temperature, pH, dissolved oxygen (DO), oxidation reduction potential (ORP) and
specific conductance). Once the readings had stabilized, GZA collected groundwater samples from these two well
locations. The groundwater samples were submitted by GZA/NewrFields under chain-of-custody to Alpha for forensic
analyses. The laboratory analytical report is included in Appendix K and was used to support Newfields’ conclusions
regarding the source of hydrocarbons at the Site as discussed in Section 3.7.

3.6 NAPL AND SHEEN SAMPLING

During the November 1, 2016 field event, GZA personnel also collected samples of LNAPL from wells NFSB-02(MW), ENV-
03MW, and ENV-09MW using a peristaltic pump and dedicated tubing. Additionally, GZA collected a NAPL sample from a
pipe located in the retaining wall that serves as the eastern bank of the Little River, which is located west of the Property.
This pipe had been sealed by Ramboll under the IRA as described in Section 2.3.2.4; therefore, GZA personnel used a
hammer drill and bit to drill three 3/8-inch-diameter holes in the concrete plug of the pipe. Several attempts were made
to obtain samples of the NAPL inside the pipe with a 1/8-inch-diameter stainless steel rod, but the tar-like material
appeared to have solidified and did not coat the rod as intended. The drill bit was used to penetrate the hardened tar,
and NAPL was collected by wiping the bit with a sheet of polytetrafluoroethylene (PTFE) sampling fabric. Once the PTFE
sampling fabric was sufficiently coated with tar-like material, it was placed in an 8-0z amber jar along with some oily water
exhibiting a sheen that flowed out of the initial pilot hole. GZA plugged the three holes with hydraulic cement following
sample collection. The approximate location of this sample (NFNP-01) is shown on Figure 2.

GZA also collected two sheen samples: one from groundwater with sheen that was seeping from the stones in the base of
the retaining wall (NFNP-02) and one from the surface water sheens and sheen ebullitions within the Little River (NFNP-
03). The sheen samples were collected on PTFE fabric and placed in separate 8-0z amber jars. The seeping groundwater
with sheen was allowed to flow onto the PTFE fabric until petroleum staining was noted. The surface water sheen and
sheen ebullitions were collected using a PTFE fabric net. GZA moved the PTFE sampling net through the sheens and
ebullitions until a petroleum stain on the fabric was observed. These sample locations (NFNP-02 and 03) are shown on
Figure 2.

The NAPL and sheen samples were submitted by GZA/NewFields to Alpha for forensic analyses. The laboratory analytical
report is included in Appendix K.

3.7 NEWFIELDS FINDINGS

Based on the analytical data from various media sampled in 2016, NewFields concluded that conditions at the Site could
not be attributed to a single source; rather, historical releases had resulted in the presence of both petroleum-related and
MGP-related hydrocarbons at the Property, with impacts to portions of the Little River. These conclusions were used to
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develop a preliminary CSM that was further informed via subsequent Phase Il investigations, which are described in the
following sections of this report.

4.0 2020-2021 FIELD INVESTIGATION - UPLAND AREAS

In 2020, GZA on behalf of National Grid initiated a subsurface sampling program at the Property in general accordance
with Ramboll’s 2016 Phase Il Scope of Work to meet the objectives of a Phase Il CSA. Subsequently, the upland work
scope was expanded to investigate potential impacts from the former MGP on properties located across the Little River
to the west. Concurrently, GZA also conducted LNAPL gauging and recovery activities in accordance with the IRA Plan for
the Site. The field activities and their findings as they pertain to the nature and extent of contamination in the upland
areas of the Site are discussed below.

A preliminary investigation into conditions in the Little River was conducted in June 2020 as summarized in Section 5.1;
the nature and extent of contamination in the river was evaluated in more detail by Anchor as documented in Appendix C.

4.1 CONSERVATION COMMISSION PERMITTING

In April 2016, Ramboll submitted a Notice of Intent (NOI) under the Massachusetts Wetlands Protection Act (WPA) to the
Haverhill Conservation Commission (HCC) to address the installation of the semi-permanent boom within the Little River.
On June 15, 2016, the HCC issued an Order of Conditions (OOC) that included a number of conditions, including items
related to the operation and maintenance of facilities at the property. Prior to initiating field activities, GZA submitted a
courtesy notification to the HCC via email on December 6, 2019 regarding the planned sampling within and adjacent to
the Little River. A supplemental notification was provided to HCC in September 2021 prior to the start of Anchor’s field
investigation of the river. No additional permitting obligations were imposed by the HCC for the Phase Il fieldwork.

4.2 2020 SOIL GAS SAMPLING

On February 12, 2020, GZA personnel collected soil gas samples at locations SG-1 and SG-2 in the car wash building, and
SG-3 beneath the canopy next to the gas station sales kiosk. The sample locations are shown on Figure 2. The soil gas
probe installation and sample collection methods were similar to those implemented in 2016 and described in detail in
Appendix G, except that helium leak testing was not employed. The samples were submitted to Alpha’s Mansfield
laboratory under chain-of-custody for analysis of air-phase petroleum hydrocarbons (APH) via the MassDEP method. The
laboratory analytical report is included in Appendix H and the results are summarized in Table 3 and discussed in
Section 7.4.

4.3 SOIL BORING/MONITORING WELL INSTALLATION

4.3.1 On-Property Wells

Between January 16 and 20, 2020, Geosearch, Inc. of Fitchburg, Massachusetts (Geosearch) used a vacuum excavator at
proposed locations B101 through B110 (Figure 2) to clear utilities prior to drilling. Soil samples were collected using a
hand auger in advance of vacuum excavation at each location. Proposed location B105 was not completed due to
proximity to a utility line, and shallow refusal on a concrete slab was encountered at approximately 3 feet bgs at location
B108. The remaining locations were cleared to depths of 5 to 8.5 feet bgs.

Subsequently, between January 21 and 23, 2020, Geosearch drilled borings B101 through B104, B106, B107, B109, and
B110 using hollow-stem auger techniques. A GZA representative classified the soil samples collected at each location,
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which were photo-documented, evaluated for evidence of potential MGP impacts, and field screened for VOCs using a
PID following the MassDEP jar headspace analysis procedure. The PID screening data and soil classifications are presented
on the soil boring/monitoring well logs included in Appendix J and were used to develop the cross-sections presented on
Figures 3A and 3B. As shown in the boring logs, significant field evidence of impact (strong odors, coal tar saturated soil)
was observed at boring B107, which was drilled within the former relief holder, from depths of approximately 5 to
15.5 feet bgs. Refusal, interpreted to be the bottom of the holder, was encountered at 15.5 feet bgs; therefore, the boring
was terminated at this depth.

Soil samples were collected from select borings for submittal under chain-of-custody to ESS Laboratory (ESS) in Cranston,
Rhode Island for analysis of VPH, EPH, and physiologically available cyanide (PAC) by MassDEP methodologies and arsenic,
chromium, and lead by EPA Method 6010C. The primary objective of the laboratory analyses was to collect data to
evaluate facility and utility worker exposures; a secondary objective was to assess soil samples that showed significant
field evidence of impact for exceedances of the Upper Concentration Limits (UCLs) established by the MCP. The laboratory
analytical reports are included in Appendix | and the data are summarized in Table 1 and discussed in Section 7.1

As shown on the boring logs, 2-inch-diameter groundwater monitoring wells were installed at boring locations B102, B106
and B107. The wells were constructed of PVC screen attached to solid PVC riser with appropriate sand filter packs and
annular seals, and were completed with flush-mounted road boxes set in concrete pad. Monitoring wells B102 and B106
were screened from approximately 10 to 20 feet bgs; monitoring well B107, within the former holder, was screened from
approximately 3 to 15.5 feet bgs. The remaining borings were completed by backfilling with a mixture of the drilling spoils
and bentonite chips.

The newly installed monitoring wells B102, B106, and B107 were developed on February 5, 2020 by purging five to ten
volumes of standing water from each location. Both previously installed and newly-installed wells were gauged on that
date, and the data are summarized in Table 4. The depth to water during this gauging event ranged from 11.86 to 15 feet
bgs in wells across the property, with the exception of wells MW-1 (3.18 feet bgs) and B107 (2.63 feet bgs). As shown on
Figure 2, these wells are located within the former relief holder at the property, and the water level at these locations
represents a perched water layer in the holder. Approximately 3.5 feet of dense non-aqueous phase liquid (DNAPL) was
measured in well B107 during the February 2020 development event.

4.3.2 Off-Property Wells

Between August 31 and September 2, 2020, Geosearch drilled four borings (GZA-1, GZA-1A, GZA-2, and GZA-2A) and
installed three monitoring wells on two properties on the west side of the Little River (191 and 221 Essex Street). The
locations of these explorations are shown on Figure 2. The work was conducted under access agreements between
National Grid and the property owners, and was directed at further delineating the western boundary of MGP impacts
associated with the 284 Winter Street property and the adjacent portion of the Little River. Vacuum excavation and hollow
stem auger techniques were used to advance the borings, with soil sampling protocols similar to those used during the
January 2020 on-property drilling event described above.

Field screening data and soil classifications for the off-property borings are presented on the soil boring/monitoring well
logs included in Appendix J. One soil sample collected from boring GZA-1 on the 191 Essex Street property was submitted
to Alpha for Petroleum Hydrocarbon Identification in an attempt to characterize the source of elevated PID readings
observed at a depth of approximately 15 feet bgs. The laboratory analytical report is included in Appendix |, and the data
are summarized in Table 1. Alpha reported a Total Petroleum Hydrocarbon (TPH) concentration of 411 milligrams per
kilogram (mg/kg — equivalent to parts per million or ppm), which is below the most stringent Reportable Concentration
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(RC) for this constituent under the MCP. The laboratory report indicated that the sample contained material eluting in
the low weight range of the chromatogram (Cs-C14), and described the product as “similar to an Aviation Fuel” as opposed
to an MGP-related release. GZA notes that aviation fuels are similar to kerosene, a more commonly used petroleum
product.

Geosearch installed 2-inch diameter monitoring wells at locations GZA-1, GZA-1A, and GZA-2 in accordance with the
protocols outlined above. Boring GZA-2A was not completed as a monitoring well based on the field observations from
this exploration and nearby well GZ-2 which had not indicated obvious MGP or petroleum impacts. Wells GZA-1 and GZA-
2 were screened from 15-25 feet bgs; GZA-1A was screened from 14-24 feet bgs. Additional well construction details are
presented on the logs in Appendix J. Following installation, the wells were developed by pumping and surging and
approximately three to five well volumes were purged from each location.

4.4 WELL GAUGING AND SAMPLING (PHASE Il WORKSCOPE)

On February 12, 2020, GZA personnel gauged the newly installed groundwater monitoring wells for the presence of LNAPL
concurrent with one of the IRA gauging rounds. Groundwater samples were then collected from new wells B102 and B106
and from existing wells MW-2, MW-3, ENV-1IMW, and ENV-5MW using low-flow sampling procedures similar to those
described for the 2016 sampling event. A second round of gauging and sampling was conducted on May 7, 2020, with
samples collected from wells MW-2, ENV-3MW, ENV-5MW, NFSB-01(MW), NFSB-08(MW), B102 and B106. Groundwater
samples were not collected from new well B107 due to the presence of DNAPL. The May 2020 data was used to develop
an initial groundwater contour plan (Figure 4A). A supplemental sampling round which included wells ENV-1MW,
ENV-3MW, ENV-5MW, ENV-8MW and B102 was completed on August 11, 2021. Groundwater analyses focused on the
primary constituents of concern (COCs) for the Site that were identified during previous studies — EPH and VPH. The
August 2021 sampling round also included analyses of selected other constituents that are typically associated with MGP
sites (PAC and styrene).

Following the installation of the new wells on the 191 and 221 Essex Street properties, GZA conducted a Site-wide gauging
event and collected groundwater samples from the new wells on September 15, 2020; an additional sample was collected
from well MW-1 on the 284 Winter Street property during this event. The September 2020 gauging results are
summarized in Table 4, and the data were used to prepare the contour map presented as Figure 4B. Subsequently, on
December 2, 2020, GZA collected a second round of groundwater samples from the new wells at 191 and 221 Essex Street
properties to evaluate potential trends in dissolved concentrations.

The groundwater samples collected during each sampling event were placed on ice and submitted under chain-of-custody
to Alpha for analysis of EPH and VPH. The laboratory analytical reports are included in Appendix K; the results are
summarized in Table 2 and are discussed in Section 7.2

4.5 WELL GAUGING AND NAPL RECOVERY (IRA WORKSCOPE)

Under the IRA, the wells at the Site were gauged on a monthly basis for the presence of NAPL, which was manually
recovered when detected. This monthly gauging/NAPL recovery schedule was maintained through August 2020, at which
time it was noted that five years of monitoring had indicated that significant thicknesses of NAPL are limited to a few
monitoring locations at the site, with most wells consistently exhibiting non-detectable levels. Therefore, the September
2020 IRA Status Report indicated that subsequent IRA monitoring would focus on wells that had indicated significant
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amounts of NAPL, namely NFSB-02, ENV-3MW, ENV-9MW?® and B107, and that monthly monitoring of the other wells at
the Site would be suspended. Monthly monitoring of well ENV-3MW was terminated in February 2022 after a year of
non-detectable readings. Measurable thicknesses of LNAPL have been reported only at well NFSB-02(MW) during the
time that GZA has conducted the monitoring (December 2019 to the present). The product thickness in this well ranged
from 0.8 to 2.9 feet, and approximately 9 gallons of LNAPL were manually recovered from the well in this 30-month period.
Plots of LNAPL thickness and recovery over time at NFSB-02(MW) are included in Appendix L. As these graphs indicate,
the LNAPL thickness appears to be stable over time and product recovery rates are generally stable or declining.

During the IRA Site visits, GZA also confirmed the presence of DNAPL in well B107, located within the former relief holder
at the Site. The DNAPL in this well is extremely viscous and initial attempts to penetrate it with the interface probe were
generally unsuccessful. On October 21, 2020, GZA evacuated the DNAPL from well B107 using a bailer and absorbent
pads, confirming the well bottom depth (15.2 feet from ground surface or 14.72 feet from the top of the well casing) and
recovering approximately 0.5 gallons of product. DNAPL thickness measurements on the other dates in Table 4 are based
on the measured depth to the top of the DNAPL and this bottom depth.

Additional information about the feasibility of NAPL recovery at the Site is presented in a subsequent section of this report.

4.6 NAPL RECOVERABILITY TESTING

GZA has completed an evaluation of the feasibility of continuing NAPL recovery at the Site in accordance with MassDEP
guidance (“Light Nonagueous Phase Liquids (LNAPL) and the MCP: Guidance for Site Assessment and Closure, Policy
#WSC16-450” — NAPL Guidance). This evaluation included assessment of NAPL thicknesses and recovery rates over time,
measurement of key NAPL properties and NAPL transmissivity (T») testing. An LNAPL bail down test was completed at
well NFSB-02 in March 2020 in general accordance with ASTM International (ASTM) E2856-13: Standard Guide for
Estimation of LNAPL Transmissivity. Analysis of the data was completed using the American Petroleum Institute’s (API’s)
LNAPL transmissivity worksheet and is discussed in a subsequent report section. As part of this evaluation, GZA also
collected NAPL samples from monitoring wells NFSB-02 and B-107 and submitted them to ESS for density and viscosity
analyses. (ESS subcontracted this work to a specialty laboratory — Triton Analytics Corp of Houston Texas.) Results of the
analyses are included in Appendix K and summarized below.

Viscosity at 70°F , o 3

Well ID (centipoise) Density at 70°F (g/cm?®)
o NFSB-02 e 520 e 0.9141
e B107 e 4829.70 o 11525

GZA'’s evaluation of NAPL recovery feasibility and mobility at the Site is summarized in Section 8.34.

4.7 HYDRAULIC CONDUCTIVITY TESTING

On August 11, 2020 and August 11, 2021, falling-head hydraulic conductivity (K) tests were conducted at four of the
existing wells to estimate the hydraulic properties of the subsurface materials. For each test, the steady state (static)
water level was measured. Water levels (heads) in the wells were recorded with an Solinst 101 P7 Water Level Meter to
record frequent water level measurements over a linear time scale. During the first part (falling-head) test, the water

5 Well ENV-9MW, which was last gauged on March 11, 2020, has not been found since then, despite efforts to locate the well with a metal
detector. Prior to that date, no measurable NAPL thickness had been detected in the well since November 2018 (Table 4).
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column was raised to the top of the PVC monitoring well casing by adding potable water to the casing. The water within
the well was allowed to recover to its initial static water level.

The data collected from the falling head tests were used to calculate hydraulic conductivity values for the wells using
equations developed by the U.S. Army Corps of Engineers and referenced in the Technical Manual TM 5-818-5/AFM 88-5,
Dewatering and Groundwater Control, developed by joint Departments of the Army, the Air Force, and the Navy. The
results of the falling-head tests are summarized in Table 5 and are discussed in Section 6.2.2.

4.8 VACUUM EXCAVATION PROBES

In August 2021, GZA engaged Geosearch to conduct a series of shallow vacuum excavation probes in the central portion
of the Site with the objective of assessing the condition of the wall of the former relief holder (Figure 2). The vacuum
excavator and an air lance were used to advance several probe holes within the landscaped island that overlies the
southern portion of the former relief holder footprint. GZA personnel observed and logged the probe holes (Appendix J).
The probes in the vicinity of the southwestern edge of the historical relief holder footprint encountered brick and concrete
debris beginning at depths of 2-3 feet bgs which appeared to be the remnants of a partially demolished wall (i.e., the
holder wall). The probes to the north and east of the apparent wall remnants encountered groundwater at a depth of less
than 4 feet, while the probes to the south and west did not encounter groundwater to a depth of up to 5 feet bgs. These
observations suggest that the former holder wall remains intact at depths below 3 feet bgs and the structure is retaining
water that infiltrates within the holder footprint, creating the apparent water table mound noted at B107 and MW-1.

5.0 RIVER INVESTIGATION PROGRAM - 2020-2021

GZA completed a focused evaluation of the portion of the Site within and adjacent to the Little River in 2020 and early
2021 during the initial stages of the Phase Il work. Anchor subsequently conducted a comprehensive evaluation of the
Little River portion of the Site in September 2021, as documented in Appendix C.

5.1 INITIAL SEDIMENT SAMPLING

Between June 8 and June 10, 2020, GZA personnel conducted a sediment sampling program along an approximately
420-foot stretch of the portion of Little River adjacent to the Property. As shown on Figure 2, the stretch of river was
divided into five transects, spaced at approximately 75- to 100-foot intervals along the river. Three surface sediment
samples were collected from depths of O to 6 inches below the surface at each transect location (except at transect 4, due
to access constraints on the western portion of the Little River) using a hand auger. In addition, one deeper sediment core
was collected at each transect; these samples, which were collected using a hand auger advanced through a section of
three-inch PVC pipe, were designated as Samples 1A 1-5.5’, 2A 1-4’, 3B 2-2.5’, 4A 1-2.5’, and 5A 2-3'.

GZA personnel photographed each sample, prepared field logs of the sediment stratigraphy, and conducted field screening
with a PID for the presence of VOCs. Sample descriptions and PID readings are summarized on Table 6. The samples were
shipped to Alpha under chain-of-custody for laboratory analysis of EPH, VPH, PAC, alkylated PAHs, total organic carbon
(TOC), black carbon, and/or total solids. In addition, on June 11, 2020, GZA collected surface water samples at the
upstream and downstream edges of the Property, and submitted them to Alpha for laboratory analysis of EPH (carbon
ranges only), VPH (carbon ranges only), and PAC. The laboratory reports are included in Appendix M; the data are
presented in Tables 7A and 7B, and were used by GZA as described below, and by Anchor in their evaluation of conditions
in the Little River (Appendix C).
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GZA'’s observations during the sampling program (Table 6) indicated the presence of coal tar staining and saturation just
below the surface of the Little River sediments throughout the area of investigation. In most areas, the coal tar-impacted
sediments were encountered beneath a thin layer of surficial sediment that did not appear to be affected by MGP
residuals. Visible oil and/or tar (VOT) was observed in the top 12 inches of the sediment surface at four of the five
transects. Only one of the three samples from the upstream transect (eastern bank of the river) exhibited VOT, although
the other samples exhibited faint coal tar odors. At the downstream transect, VOT was typically present slightly deeper
than 12 inches below the sediment surface. Three samples collected along the western bank of the Little River (at the
three downstream transects) indicated VOT within 12 inches of the sediment surface.

GZA’s initial evaluation indicated that VOT is present within 12 inches of the sediment surface in an area of the Little River
that exceeds 4,000 square feet, which is above the MCP criterion for “Readily Apparent Harm” to ecological receptors
(VOT within 1,000 square feet). Upstream and downstream sediment transects indicated the presence of VOT, and the
deepest sediment sample collected during the initial program (from a depth of 5.5 feet at the downstream transect)
indicated the presence of MGP-related impacts. Based on these preliminary findings, it was concluded that additional
vertical and horizontal delineation of conditions in the Little River was necessary to meet the Phase Il requirements of the
MCP; accordingly, a more extensive investigation was conducted by Anchor and is presented in Appendix C of this report.

5.2 PIPING INVENTORY

On June 11, 2020, GZA personnel inventoried and documented the piping penetrations in the retaining wall separating
the upland portion of the Site from the Little River. The work included recording the pipe locations, diameters and
materials of construction. Where direct access to piping was feasible, GZA attempted to determine open pipe distances
from the face of the wall using a fish tape or snake. The objective of this task was to conduct a preliminary assessment of
potential preferential pathways for the migration of NAPL or other Site COCs to the Little River. The preliminary findings
are summarized in Table 8 and a photolog documenting GZA’s observations is included in Appendix N. Further
investigation of these penetrations will be conducted as necessary during the Phase Il evaluation of remedial alternatives
for the Site.

5.3 MONITORING OF SHEEN CONTAINMENT BOOM SYSTEM

Under the IRA, GZA personnel conducted monthly inspections to document the condition of semi-permanent and
temporary containment booms within the Little River. Modifications and repairs to the boom(s), if needed, were
conducted by CHES under direct contract to National Grid. The condition of the booms and any necessary adjustments
have been documented in semi-annual IRA status reports submitted to MassDEP.

5.4 RIVER ELEVATION DATA

Concurrent with IRA efforts, GZA personnel measured the depth to the Little River water surface using an interface probe
or water level meter from a fixed point on the bridge at Winter Street; beginning in 2021, a second reading was taken
from a fixed downstream location along the edge of the property near boring B110. The river monitoring data are included
in Table 4 and were used to evaluate river stage and support additional investigations. To further augment this dataset,
GZA installed a survey rod in the Little River at the existing boom structure to act as a staff gauge and facilitate monitoring
of river elevations over time; however, in January 2021 the base of the rod was observed to have broken off, rendering it
nonfunctional. ..........
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6.0 SITE HYDROGEOLOGICAL CHARACTERISTICS

This section describes regional and Site hydrogeologic conditions that affect migration of COCs at the Site. Site and
regional hydrogeology have been characterized using data from the subsurface explorations completed by GZA and
previous consultants as well as published reference materials

6.1 SITE GEOLOGY

The local geology in the area of the Site consists of glacial stratified deposits, which are overlain by alluvium in the area of
the Little River and Merrimack River. Historic fill consisting of reworked natural soils with varying amounts of
anthropogenic material (wood, brick, concrete, asphalt, ash, etc.) overlies the alluvium throughout much of Haverhill.

The subsurface explorations installed by GZA and previous investigators typically extended to between 15 and 25 feet bgs,
except at those locations where refusal was encountered at shallower depths as recorded on the boring logs. Drilling was
extended beyond 25 feet bgs at four locations (B104, 34 feet bgs; B106, 38 feet bgs; B109, 52 feet bgs; and B110, 44 feet
bgs) to collect information about lithologic and environmental conditions at depth. The lithology encountered at the Site
is described on the boring logs in Appendix J and was used to develop cross-sections A-A’ and B-B’ (Figures 3A an3B).

Consistent with historical uses, fill with anthropogenic material was encountered in the borings across the upland portion
of the Property. As anticipated, boring B107 within the former relief holder encountered only fill material to the bottom
of the holder at 15.5 feet bgs; at other locations, the fill ranged in thickness from approximately 2 feet to 20 feet bgs. The
fill was typically classified as granular (sand and gravel) mixed with miscellaneous materials such as brick, wood and
concrete fragments. This material was highly variable in composition and density, which is typical of historic fill deposits,
ranging in composition from a fine sand with less than 20% silt sizes to heterogeneous mixtures of silt, sand, gravel ad
debris. In addition to brick, wood and concrete fragments that were commonly observed, the fill occasionally contained
glass, asphalt and coal. A number of “refusals’ encountered by the drilling equipment within 15 feet of ground surface
likely indicate the remnants of historical structures.

As shown on the cross-sections, the fill was underlain by a fine-grained material that was variously described as either silt
or silty sand. The silt/silty sand typically extended to the bottom of the borings, except at NFSB-08, where it was underlain
by a clayey silt at 17.5 feet bgs; NFSB-01 and B106, where the material transitioned to a coarser sand at approximately
20 to 29 feet bgs (cross-section A-A’); and B108, where a coarse sand and gravel layer was encountered at 51 feet bgs.
The silt/silty sand varied in composition from a fine or fine to medium sand with less than 20% silt sizes to a clayey silt
with only small percentages of sand.

Based on data from nearby sites, the silt/silty sand and sand units observed at the 284 Winter Street property are likely
underlain by glacial till deposits overlying bedrock. While bedrock was not encountered during Site investigations, regional
mapping indicates that this area is underlain by metamorphic bedrock of the Berwick Formation (metasandstone or
metasiltstone).

In the borings on the western properties, fill was observed to depths of 9 to 17 feet bgs and was underlain by fine sand,
in turn underlain by poorly sorted deposits ranging in size from silty clay to gravel.

6.2 SITE HYDROGEOLOGY

Groundwater flow patterns and hydraulic properties are discussed in the following sections.
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6.2.1 Groundwater Elevations and Flow Patterns

The depth to groundwater at the Site (Property and western properties) ranged between 11 and 16 feet bgs in monitoring
wells other than B107 and MW-1, in which water was measured at much shallower depths of 2 to 4 feet bgs. As noted
earlier, these wells were installed within the former relief holder, and the data from these locations represents a perched
groundwater table within the holder. Based on the consistent measurements of groundwater depths within the footprint
of the former holder that are 8 to 12 feet higher than surrounding wells, the base and wall of the structure appear to be
intact and relatively watertight. The groundwater contour plans (Figure 4A and 4B) indicate that, as expected,
groundwater at the 284 Winter Street property flows generally to the west/southwest toward the Little River. There is an
apparent northwesterly component of flow in the northern portion of the Site; this may be related to preferential flow
pathways associated with utilities or other structures below Winter Street. Based on the presence of the dam across the
Little River just northwest of the Site and GZA’s understanding of regional groundwater flow patterns, this northwesterly
component is likely limited to the southern portion of Winter Street, with westerly flow predominant beyond that zone.

In the vicinity of 191 and 221 Essex Street on the western side of the Little River, the limited available groundwater
elevation data indicate that groundwater flows to the northeast, toward the river. This pattern is consistent with regional
hydrogeologic conditions, which would indicate that the Little River is the ultimate discharge point for groundwater in this
area. The data suggest that the river represents an effective barrier for southeasterly flow from the Site.

6.2.2 Hydraulic Properties

The primary hydraulic properties relevant to groundwater flow include hydraulic gradient (i), hydraulic conductivity (K),
and porosity. Hydraulic gradient, which is a measurement of the slope of the groundwater potentiometric surface (i.e.,
the change in groundwater elevation over distance), is generally expressed as feet per foot. Hydraulic conductivity, which
measures the efficiency with which water moves through an aquifer material, is a function of the characteristics of both
the fluid (water) and the soil matrix through which it flows and is measured in units of distance per unit time (e.g., feet
per day). Porosity, which is a measure of the ratio between the void space volume and the total soil volume, is measured
in percent.

Hydraulic gradient is calculated as the slope of the potentiometric surface of the groundwater as depicted by contours of
water table elevation. Based on the groundwater data collected during the May and September 2020 gauging events (see
Table 4 and Figures 4A and 4B), the hydraulic gradient across the Site typically ranges from approximately 0.01 ft/ft to
0.05 ft/ft, for an average of approximately 0.03 ft/ft.

Hydraulic conductivities were estimated based on data from falling head permeability testing conducted by GZA
(Section 4.7) and review of data on similar soil types from published literature. Estimated K values for the silt/silty sand
that is the primary water-bearing unit at the Site based on the field-testing data (Table 5) ranged between 0.02 and 0.6
feet per day (ft/d). The measured values are believed to be biased low based on GZA’s evaluation of the data. For this
Site, a K value of 1.0 ft/d was assumed. Deeper silt or clayey silt deposits observed at the Site would be expected to have
lower K values and are not anticipated to play a significant role in groundwater transport.

Porosity, the measure of the relative volume of void space, is used in estimating groundwater flow velocities. Porosity has
relatively minor variability compared to other hydraulic parameters, with soil porosities typically ranging between 25 and
55 percent (0.25 and 0.55). It should be noted that the porosity values may not reflect the actual pore space available for
groundwater flow. Under field conditions, a percentage of the water in pore spaces is tightly bound to the surface of soil
grains by surface tension, thus reducing the amount of porosity available for groundwater flow. Effective porosity is the
ratio of interconnected void spaces through which groundwater flow can occur to the total volume of soil. Based on the



April 5, 2022
File No. 01.0172397.10

Phase Il Comprehensive Site Assessment
284 Winter Street, Haverhill, MA
Page | 19

characteristics of soils from the Site, GZA estimates an effective porosity of approximately 0.3 for the purposes of
calculating transport velocity.

6.2.3 Groundwater Flow Rates

The estimation of the quantity of groundwater flow through a matrix material is an important component of any
hydrogeologic study and directly impacts the assessment of possible contaminant migration and the estimated impacts
to downgradient receptors. For this study, the total groundwater flux through the shallow overburden soils at the Site
was estimated using a form of Darcy's Law which is based on Site-specific hydraulic properties. Darcy's Equation for fluid
flow through a porous medium is:

Q =KiA
where:
Q = flow rate (ft/day)
K = aquifer hydraulic conductivity (ft/day)
i = hydraulic gradient (ft/ft)
A = aquifer total cross-sectional area through which flow occurs (ft?)

The hydraulic conductivity assumed for this analysis was 1 ft/day, and the average hydraulic gradient used was 0.03 ft/ft.
To calculate the cross-sectional area through which shallow groundwater would flow, GZA assumed a saturated thickness
of 20 feet for the sand deposit (based on groundwater gauging information and depth to silt/clay in the subsurface) and
an estimated flow path width of 350 feet (based on the width of the Site perpendicular to the groundwater flow direction).
These assumptions yield an estimated value of 210 ft3/day, or approximately 1.1 gallons per minute (gpm) for shallow
groundwater flow through the disposal site area. GZA developed an estimate of the groundwater transport or seepage
velocity (v) at the Site, using another form of Darcy’s Law (v-= Ki/n, where n is effective porosity and Ki and I as defined
above). Based on an assumed effective porosity of 0.3 and the K and gradient values above, the estimated transport
velocity is approximately 0.1 feet per day (37 feet per year).

6.2.4 Flood Potential

In accordance with 310 CMR 40. 0835(4)(d)(3)(d), GZA evaluated the potential for flooding at the Site by reviewing online
flood maps made available by the Federal Emergency Management Agency (FEMA). Our review indicated that Little River
in the vicinity of the Site is mapped by as a Regulatory Floodway, and that most of the upland portions of the Site are
located in a shaded Zone X that indicates a moderate flood hazard (0.2 % annual chance of Flood Hazard, also known as
the 500-year Special Flood Hazard Area).

7.0 ANALYTICAL RESULTS

Results of the analyses of environmental samples collected from the Site are outlined in the following paragraphs.



April 5, 2022
File No. 01.0172397.10

Phase Il Comprehensive Site Assessment
284 Winter Street, Haverhill, MA
Page | 20

7.1 SOIL DATA

As an initial evaluation of the nature and extent of COCs in the upland portion of the Site, the soil analytical data were
compared to MCP Method 1 S-3/GW-2 and/or S-3/GW-3 standards based on the location and depth of each sample with
respect to the car wash facility or on-Site kiosk (Table 1). Samples from 0-15 feet bgs at locations B-1/MW-1, NFSB-07,
NFSB-08, B103, B106, B107 were compared to S-3/GW-2/GW-3 standards, and the rest of the soil samples from the Site
were compared to S-3/GW-3 standards. These comparisons were used strictly as a preliminary screening tool to evaluate
the relative significance of the data; they are not intended to provide an assessment of risk, and therefore did not further
characterize the soil as S-1/5-2/S-3 based on accessibility and frequency/intensity of use. Instead, the Site-specific
exposures and potential risks were evaluated by a Method 3 Risk Characterization, which is included in Appendix D of this
report.

As shown in Table 1, the primary COCs detected in soil samples from the Site included TPH, selected EPH and VPH fractions
(mainly C11-C2, aromatics and Cq-C10 aromatics) and PAHSs, with naphthalene as the PAH compound found most frequently
and at the highest concentrations. The other EPH and VPH fractions and volatile aromatic compounds - benzene, toluene,
ethylbenzene and xylenes (BTEX) — were also reported in a number of soil samples. Reported concentrations of arsenic,
chromium and lead in soils from the Site were within background ranges for historical fill materials. PAC was detected in
the soil samples analyzed from the Site, but at concentrations well below the relevant MCP Method 1 standards.

Concentrations of the key COCs exceeding the Method 1 standards were reported in soil samples throughout the western,
central and southern portion of the property. The highest concentrations were found in the 5 to 20 feet bgs depth interval.
With a few exceptions (naphthalene at B106 and other PAHs at several other locations), concentrations within the upper
5 feet of soil were below the S-3 soil standards. Exceedances of the S-3 standards for PAHs in shallow soils at NFSB-01, 02
and 09 do not appear to correlate with observations of MGP or petroleum impacts; rather these appear to be associated
with historic fill components. Soil samples at depths below 5 feet bgs from multiple locations west and south of the former
relief gas holder in the center of the Site exceeded the S-3/GW-3 standards for COCs such as Ce-C10 aromatic hydrocarbons,
Cq-C12 aliphatic hydrocarbons, Ce-Cyg aliphatic hydrocarbons, C11-Cz2 aromatic hydrocarbons, 2-methylnaphthalene (2-MN),
acenaphthylene, and/or benzo(a)pyrene. In addition, the MCP Method 1 S-3/GW-2 standard for naphthalene was
exceeded in samples from locations B-1, B106, and B107, which were collected within or near the former holder. The
vertical extent of impact was evaluated based on samples collected at depth from B104 (32-34 feet bgs) and B109 (50-52
feet bgs), among other locations, which had VPH/EPH concentrations near or below reported detection limits. These data,
coupled with the field observations and PID readings from multiple borings depicted on the cross-sections, indicate that
MGP-related impacts in soil at the Property are highest near the water table toward the top of the silty sand zone, and
decrease with depth.

TPH concentrations in soil exceeding the upper concentration limit (UCL) of 10,000 mg/kg were reported at NFSB-02 and
at several other locations at depths below the water table. GZA notes that the TPH data were generated from forensic
analyses completed by Alpha and are not considered appropriate for use in a risk characterization context. The reported
concentrations at NFSB-01 correlate with the presence of petroleum LNAPL in this area. Only one soil sample collected
for conventional characterization purposes indicated a concentration above the UCL value — the sample from the 17.5-20
feet bgs at ENV-13B. The C11-C2, aromatic hydrocarbon fraction was reported at a concentration above the UCL value
(15,600 mg/kg vs. 10,000 mg/kg) at this location.

The lateral extent of the MGP-related impacts extends west to the Little River (See Figure 5), as represented by EPH and
VPH data collected below 10 feet bgs from ENV-3B, ENV-5B, and ENV-7B, but does not appear to extend to the northwest
corner of the Property based on data from ENV-1B and ENV-2B. As shown on the boring logs in Appendix J, field
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observations from borings GZA-1, GZA-1A, and GZA-2 on the west side of the Little River did not indicate evidence of MGP
impact; this finding was confirmed by groundwater data from these wells as discussed in the following section.

7.2 GROUNDWATER DATA

Similar to the soil data, the groundwater data were compared to MCP Method 1 GW-2 standards (for wells located within
30 feet of a structure and screened above 15 feet bgs) and GW-3 standards (all wells). As shown in Table 2, the primary
COCs detected in groundwater samples at levels above the Method 1 standards included naphthalene, Co-C1o aromatics
and benzene. Xylenes were also reported sporadically in groundwater at levels above the GW-2 and GW-3 standards.
Several other COCs, including Ci1-C22 aromatics, 2-MN, Cs-Cg aliphatics, toluene and ethylbenzene were commonly
detected in groundwater samples, but at levels below the Method 1 standards. PAC was consistently detected in
downgradient wells sampled in August 2021 at concentrations above the GW-3 standards.

Consistent with the soil data, the highest concentrations of COCs were reported in groundwater from the central, western
and southern portions of the 284 Winter Street property. (See Figure 6.) Substantially lower levels were observed in the
two wells adjacent to the western border of the Site (NFSB-08 and MW-3), although both locations indicated detectable
concentrations of EPH and VPH fractions, with other COCs (PAHs, BTEX) reported at MW-3. In contrast to the soil results,
wells along the northern border of the Site (B102, ENV-1MW) exhibited elevated levels of certain COCs, including
naphthalene and Co-Cy0 aromatics. Significant impacts to groundwater extend to the Little River; however, wells installed
on the western side of the river to the southwest of the 284 Winter Street property did not indicate detectable levels of
the primary Site COCs.

7.3 NAPL

NAPL has been observed at several locations across the western, central and southern portions of the Site, but significant
accumulations of separate-phase materials have only been observed at two locations — NFSB-02 and B107. At NFSB-02,
an LNAPL resembling a weathered petroleum product has been observed at thicknesses ranging from 0.2 to 4.2 feet
between 2017 and the present. Approximately 35 gallons of NAPL have been recovered from this well over that time
period. NAPL recovery is further discussed in Section 8.3.4. Well B107 has consistently indicated the presence of a viscous
DNAPL resembling coal tar at thicknesses between 2.2 and 3.9 feet since its installation in February 2020. Only a small
guantity of product has been recovered from this location. Monitoring wells ENV-3MW and ENV9-MW had sporadically
indicated the presence of an LNAPL between 2016 and 2018 at thicknesses up to 0.6 feet. Significant quantities of LNAPL
were not recovered from these wells and neither has exhibited measurable LNAPL since October 2018. Separate-phase
product has also been observed seeping from the retaining wall at several locations on the western edge of the 284 Winter
Street property (as noted above and addressed by the IRA work) and sheen “blossoms” have been noted within the Little
River adjacent to the Site.

7.4 SOIL GAS DATA

The soil gas data summarized on Table 3 include results from a broad-spectrum survey completed in 2016 for forensic
purposes and some focused soil gas sampling by GZA in 2020. The 2016 sampling indicated the presence of a variety of
VOCs in soil gas across the Site, most of which appear to be associated with the active fueling operations at the property
or attributable to the ubiquitous presence of certain constituents in developed areas (ketones, chloroform, BTEX, etc.).
The constituents found most frequently and at the highest concentrations in the forensic survey included 2-butanone,
2-MN, naphthalene, BTEX and methyl tert butyl ether (MTBE); the presence of these compounds appears to be directly
related to incidental emissions and spills associated with the active gasoline and diesel storage and dispensing operations.
With one exception, reported concentrations in soil gas were below the commercial/Industrial soil gas screening values
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(SGSVs) from the MassDEP’s Vapor Intrusion Guidance: Site Assessment, Migration and Closure Policy #WSC-16-435 dated
October 2016 (VI Guidance). The soil gas sample from NFSV-01 (located adjacent to the northeast corner of the concrete
slab covering the gasoline USTs) exceeded the screening value for naphthalene. Reported concentrations from the
samples collected by GZA in 2020 and analyzed for APH were all well below the SGSVs.

8.0 NATURE AND EXTENT OF CONSTITUENTS OF CONCERN

This section summarizes the nature and extent of constituents detected at the disposal site. OHM distribution is
influenced by factors such as the physical and chemical properties of the constituents, the nature and location of sources,
and Site characteristics such as geology, hydrology, and topography. The types and properties of chemicals detected at
the disposal site are discussed below, followed by a summary of their distribution within environmental media, and an
assessment of potential migration.

The detected concentrations of COCs in soil, groundwater, soil gas and sediment are summarized in Tables 1, 2, 3, and 7A;
the associated laboratory analytical reports are included in Appendices H, I, K, and L. Soil and groundwater data for key
COCs are depicted on Figures 5 and 6. Brief summaries of the distribution of the key COCs in the environmental media of
concern were provided in Section 7.0.

8.1 CONSTITUENT TYPES AND PROPERTIES

General definitions of relevant physical properties are discussed below, followed by a description of the characteristics of
certain constituent classes.

8.1.1 Physical Properties

Physical properties of chemical compounds are important factors in evaluating their environmental distribution and
movement. The properties (as defined below) of a given chemical represent behavior of a pure compound under
laboratory conditions. These data are used in conjunction with information on environmental conditions to evaluate the
fate of environmental contaminants. Selected physical properties are defined below.

o Specific Gravity: The specific gravity of a chemical is the ratio of the mass of a given volume of the chemical to an equal
volume of water at a specified temperature, usually 4 or 20 degrees Centigrade. As such, specific gravity is a relative
measure of density. Compounds with specific gravities greater than 1.0, if they are relatively immiscible with water,
will separate as a sinking phase. Immiscible compounds with specific gravities less than 1.0 will tend to float on water.

o Water Solubility: The solubility of a chemical in water is the maximum amount of a pure chemical that will dissolve in
pure water at a specified temperature and pressure. Water solubility is a general predictor of a chemical's potential
mobility and distribution in the environment. Chemicals with moderate to high solubilities (greater than 100 mg/I) can
leach rapidly from soils into groundwater, and once there, are generally mobile.

e Vapor Pressure: The vapor pressure of a liquid or solid is a relative measure of its volatility in its pure state. This value
expresses the pressure of the gas phase of the compound in equilibrium with the liquid or solid phase of a compound
at a given temperature. This pressure is directly proportional to the compound concentration in air. Vapor pressure
is important in evaluating the migration of chemicals to air from other environmental media, but factors such as
temperature, wind speed, water solubility, and degree of adsorption also play key roles. Chemicals with vapor
pressures greater than 10 mm mercury are considered to be highly volatile.
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e Henry's Law Constant: Henry's Law Constant (HLC) is another measure of chemical volatility. It is expressed as the
ratio of the concentration (partial pressure) of a chemical in air to the chemical's concentration in solution, taking into
account not only vapor pressure, but also solubility and molecular weight. The higher the HLC value, the greater the
rate of volatilization. Chemicals with low HLCs are more likely to remain in soils and be subject to other transport
processes. In general, compounds with values below 10-5 atm-m3/mol would not be highly volatile and would have a
greater potential for movement into groundwater.

¢ Organic Carbon Partition Coefficient (KOC): This value is a measure of the relative sorption potential for organic
compounds. The KOC indicates the tendency of an organic chemical to be adsorbed onto soils and sediments. This
value is expressed as the ratio of the amount of chemical adsorbed per unit weight of organic carbon to the chemical'’s
concentration in solution at equilibrium. A chemical with a high KOC (greater than 1,000 ml/g) may exhibit a high
sorption potential in soils and is less likely to leach into groundwater and thus will tend to migrate slowly. KOC values
of less than 100 ml/g indicate that the chemical may have a higher potential to leach into groundwater and migrate
with groundwater flow.

The key physical properties for Site COCs are summarized on Table 9 and discussed below.

8.1.2 Constituent Types

This section summarizes the types and characteristics of the constituents detected in samples of Site soil, groundwater,
and sediment. Since constituents that are physically and chemically similar tend to exhibit similar behavior in the
environment, the following discussions of contaminants are grouped into the following classes: petroleum hydrocarbons,
VOCs, and PAHs. A separate discussion of NAPL is also included.

8.1.2.1 Petroleum Hydrocarbons (PHCs)

PHCs are a large complex family of compounds with widely varying chemical properties. In terms of fate and transport,
lighter hydrocarbons are generally relatively mobile in groundwater but are subject to attenuation by biodegradation and
volatilization. Heavier hydrocarbons display low solubilities and high KOC values, indicating limited potential for migration.
At this Site, both light and heavier hydrocarbons were detected in the soil and groundwater. The three VPH fractions were
commonly detected in soil with the Co-C19 aromatics and the Co-C1» aliphatics as the predominant constituents in terms of
frequency of occurrence and relative concentrations. The Co-C19 aromatic fraction was the primary VPH constituent found
in groundwater samples. EPH constituents detected in soil include aliphatic hydrocarbons, which are collectively
quantified within two carbon ranges (Cs-C1s and Ci9-Css), and aromatic hydrocarbons, which are collectively quantified
within the Ci11-Co, carbon range. The Ci11-Co, aromatic fraction was the only EPH constituent reported commonly in
groundwater samples from the Site. The PHCs reported in soil and groundwater samples from the Site appear to be
attributable to residuals associated with historical MGP activities along with incidental releases from petroleum product
storage and dispensing activities over the last 40 years.

8.1.2.2 Aromatic VOCs

VOCs are termed "volatile” due to their tendency to vaporize at environmental temperatures and pressures. The VOCs
observed in samples collected from the Site include those in the subclass of aromatic VOCs. Aromatic hydrocarbons
detected in soil and groundwater samples from the Site included benzene, toluene, ethylbenzene and xylenes. These
compounds are components of light and medium weight oils and gasoline which have been stored and used at the Site
and are common constituents of MGP residuals such as drip oils or coal tars. These constituents are less dense than water
and have moderate solubility values, ranging from 152 mg/| for ethyl benzene to about 1,800 mg/I for benzene. They
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display a moderate degree of adsorption to organic matter and relatively high vapor pressures. Accordingly, adsorption
and volatilization are significant attenuation mechanisms for these constituents in the environment.

8.1.2.3 PAHs

PAHs are chemical constituents of asphalt, coal and oil tars and numerous other petroleum products and are byproducts
of internal combustion engines and coal/wood burning. As a result, they are ubiquitous in urban environments. Several
PAH compounds were detected in soil and sediment samples from the Site. The behavior of PAHs is variable and is
dependent on the number of rings in the molecular structure. Due to the low solubilities and high KOC values of the higher
molecular weight PAHSs, they display only limited mobility in groundwater.

8.1.2.4 Cyanide

Cyanide is ubiquitous in the environment due to both natural (presence in plants, animals and microbes) and
anthropogenic (cyanide compounds are common anti-caking agents in road salt) sources. This constituent can exist in a
variety of different chemical forms, ranging from free cyanide (HCN or CN-) to various metal-cyanide complexes. At MGP
sites, iron-cyanide complexes (strong-acid dissociable complexes) dominate the dissolved phase, because the primary
source of dissolved phase constituents is the iron-cyanide complex Prussian Blue. Only 10% or less of the dissolved cyanide
at such sites exists as weak metal-cyanide complexes, of which free cyanide constitutes only a few percent. Both free
cyanide and dissolved metal-cyanide complexes can adsorb onto various natural soil adsorbents, with natural organic
matter acting as an important adsorbent. In general, the highest retardation of dissolved cyanide in groundwater would
be expected in acidic aquifer systems with high clay, iron and aluminum oxide content and high soil organic matter. None
of the soluble metal-cyanide complexes that are the primary constituents in dissolved groundwater at MGP sites have
significant vapor pressures at typical environmental conditions (note: HCN, which forms a small percentage of PAC, is
volatile). Metal cyanide complexes are generally resistant to microbial degradation.

8.1.2.5 NAPL

The term NAPL refers to a free phase non-aqueous liquid that can be mobile in the environment; this term includes coal
tar under certain circumstances. Coal tar typically exists as a black amorphous solid, a pliable material (generally at
temperatures of between 50 and 70 degrees F) or a fluid, with a naphthalene-like odor. In the pliable or solid state, coal
tar is not mobile in soil or groundwater, but in its fluid state, it can be mobile and thus is considered a NAPL. More
specifically, since it has a specific gravity greater than water and will sink through a water column, coal tar generally is
encountered in the subsurface environment as a DNAPL. Coal tars consist primarily of high molecular weight hydrocarbons
(PAHSs) of low solubility, and more soluble lighter-weight VOC fractions. If in contact with water, the soluble constituents
of coal tar can be liberated and mobilized to dissolve into and flow with groundwater. At the Site, DNAPL was encountered
within the former relief gas holder in the form of a viscous coal tar product. LNAPL resembling a weathered fuel-oil-like
petroleum product with a relatively low viscosity was consistently observed at monitoring well NFSB-02. The NAPL
observed sporadically at other locations within the Site appeared to be somewhere in between these two products —
lighter than water but slightly viscous.

8.2 SOURCE AND DISTRIBUTION OF COCS

Available data on Site operations and information regarding the distribution of COCs in soil and groundwater in the central
portion of the Site indicate that reported contaminants likely originated primarily from historical spillage/leakage of
petroleum products and MGP residuals. Impacts from petroleum products and MGP residuals are apparent at depths
below 5 feet bgs across the central and southern portion of the Site, with sporadic observations of impacts at shallower
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depths. As indicated on Figure 5, elevated levels of EPH/VPH constituents and PAHs (with naphthalene as the dominant
constituent) were consistently reported in soils to the south of the current dispenser island and UST pad, with lower levels
to the north. The distribution of the individual COCs and the relative concentrations vary substantially across the Site,
suggesting that there were multiple point sources and release mechanisms involved. Typically, field screening and
observations indicated that significant soil impacts were initially encountered at approximately 5 feet bgs and extended
to 20 feet bgs. In several locations, overt impacts (coal tar odors and staining) were noted deeper into the silty sand/silt
deposit that underlies the fill at the Site. Laboratory analyses of soil samples supported the field observations indicating
that COC concentrations were highest in the 5 to 20-foot depth range.

In some respects, the distribution of COCs in groundwater is similar to the soil data, with the highest concentrations of
most constituents observed in the central and southwestern portions of the property. Concentrations of most of the Site
COCs are consistently elevated in the groundwater within this portion of the Site. The “perched” or trapped groundwater
within the historical relief holder has exhibited the highest levels of benzene observed at the site (up to 19,500 micrograms
per liter - pg/l, equivalent to parts per billion or ppb). Elevated levels of other aromatic hydrocarbons were also reported
in the samples from MW-1, within the holder. The groundwater data also indicate a separate northerly plume with a
different mix of COCs. Wells B102, ENV-1MW and, to a lesser extent, MW-2, exhibited relatively higher concentrations of
Cq-C10 aromatics, naphthalene and xylenes. These appear to be associated with a separate source area from the main
body of groundwater impacts in the central and southern portion of the Site.

The distribution of COCs in the sediments of the Little River along the western border of the Site is discussed in Anchor’s
report within Appendix C. As noted previously and described further in Appendix C, NAPL/VOT in the form of apparent
coal tar residuals was widespread within the Little River sediments adjacent to the Site. Elevated concentrations of certain
Site COCs were also reported in sediment samples beginning just south of the Winter Street bridge and extending to the
Little River Conduit to the south of the 284 Winter Street property.

8.3 MIGRATION PATHWAYS AND FATE OF CONTAMINANTS

Constituents released to the environment may migrate via a variety of transport mechanisms through various media (air,
soil, groundwater, and surface water) potentially affecting environmental or human receptors. Thus, the evaluation of
the migration potential and fate of chemicals represents a key element of the Phase Il investigation. At the 284 Winter
Street Site, migration through groundwater to the Little River with the potential for downstream transport have been
identified as the principal pathways for Site COCs. The following sections discuss migration pathways, and general and
chemical specific transport and attenuation mechanisms for constituents detected during the investigation, focusing
primarily on groundwater-related factors.

8.3.1 Migration Pathways

Potential migration pathways at the Site include migration through soil, soil vapor, groundwater, surface water and
sediments. Additionally, certain Site COCs may be taken up by microorganisms, fish, or other biota within the Little River.
Given Site conditions (virtually all of the 284 Winter Street property is covered by pavement, concrete or structures), direct
migration through soil via mechanisms like erosion or runoff is not a significant pathway at the Site. While soil vapor
intrusion into the two occupied structures at the Site (the car wash building and the fueling station kiosk) is possible, data
collected by GZA have indicated that this pathway is not significant. The primary mechanism for COC transport at the Site
is groundwater flow and then potential migration via surface water and sediment transport in the Little River.
Groundwater flow is toward and ultimately into the Little River at the Site, although the limited flow volumes through the
Site would be subject to substantial dilution within the river. Limited testing of the Little River to date has not indicated
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measurable concentrations of Site COCs in surface water. However, sediments within the Little River adjacent to the Site
have been impacted by Site COCs, including NAPL, and there is potential for downstream transport of these materials
toward the Merrimack River.

Note that direct migration of DNAPL under the force of gravity and LNAPL along the water table represents an additional
potential migration pathway at the Site. Measurable quantities of DNAPL have been observed only at well B107, located
within the remnants of the former relief holder at the Site. Migration of DNAPL in this area is restricted by the holder
base and walls. Migration of LNAPL observed at well NFSB-02 and sporadically at other locations is a complex process
governed by the configuration of the water table and soil/NAPL properties. Site observations indicate that NAPL mobility
is currently limited. However, observations of NAPL/VOT within the Little River sediments and in seepage points along
the retaining wall at the western edge of the Property indicate that NAPL has historically migrated from the likely release
areas toward the river. NAPL mobility and recovery feasibility issues are further discussed below.

8.3.2 Transport Mechanisms

Chemical constituents can enter the groundwater flow regime via percolation of liquids discharged at ground surface or
through subsurface structures, or by leaching of precipitation through surface wastes. Once chemicals enter the
groundwater, they can be transported by two mechanisms: advection and dispersion. Advection involves the transport
of dissolved constituents by the bulk motion of groundwater flow. Absent attenuation mechanisms (discussed below),
dissolved constituents can be assumed to flow in the direction of groundwater flow at an average rate equal to the
groundwater pore (transport) velocity. Two types of dispersion, chemical and mechanical, act to spread chemicals in
groundwater. Transport via chemical diffusion is an extremely slow process driven by concentration gradients.
Mechanical dispersion is governed by soil characteristics described by dispersion coefficients. Generally, chemical
migration via dispersion can be considered limited in comparison to advective transport. Therefore, for the purpose of
evaluating contaminant transport at the Site, dispersion was negligible and only advection was considered as the
governing transport mechanism.

8.3.3 Attenuation Mechanisms

There are a number of processes which operate to reduce chemical concentrations in the groundwater as it migrates
through the subsurface. These include dispersion, which acts as a dilution process to reduce chemical levels (and which
has been considered negligible as described above), as well as adsorption, biodegradation, and volatilization.

Adsorption is the temporary or permanent immobilization of constituents by attachment to solid substrates. Adsorption
is generally the most significant attenuation mechanism for metals and high molecular weight organic compounds
migrating through soils. Primary adsorption sites include organic matter, which is present at variable levels within
essentially all soils, and colloidal particles. The magnitude and rate of adsorption is a function of the chemical nature of
the constituents, the nature and availability of the solid substrate, and the concentration of the constituent.

Biodegradation of aromatic VOCs and certain other PHCs is a significant attenuation mechanism which can substantially
reduce contaminant levels in the environment. Biodegradation occurs via the transformation of organic compounds by
naturally occurring microorganisms present within the soil mass. This is generally an aerobic process for aromatic
hydrocarbons. Recent studies (Hadley and Armstrong, 1991) indicate that biodegradation of aromatic compounds like
benzene can reduce concentrations of these constituents to below detection limits before substantial migration occurs.
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Volatilization is the transformation of a chemical from the solid or liquid phase to the gaseous state, thus reducing
chemical concentrations in the source material. Volatilization is an important attenuation mechanism for chemicals with
high vapor pressure and HLC values.

8.3.4 NAPL Mobility and Recovery Feasibility

GZA evaluated NAPL mobility and recovery feasibility in accordance with MassDEP’s February 2016 Guidance. Under the
guidance, “LNAPL with Micro-scale Mobility” (basically, LNAPL that is visibly present in subsurface media) is present at
various locations within the Site, so the mobility/feasibility evaluation focuses on “stability” and recoverability. The
simplified approach under the guidance establishes “Stability Action Levels” (SALs) representing LNAPL thickness limits for
various soil types which may be indicative of “Non-Stable LNAPL”. Under the simplified approach, an LNAPL thickness
exceeding 12 inches for any soil type measured “at any time” during the course of an LNAPL site investigation represents
a potential Non-stable LNAPL condition. The simplified approach of the LNAPL guidance mandates one year of monthly
monitoring to rebut the presumed “Non-Stable LNAPL” condition. As indicated on Table 4, there are several years of
monthly NAPL thickness measurements for the two monitoring wells that have consistently shown significant
accumulations (NFSB-02 and B107). These data show that NAPL thicknesses have not significantly increased over time,
indicating that NAPL at these locations would be considered “stable” under the guidance. Note that NAPL adjacent to the
retaining wall on the western border of the Property and within the sediments of the Little River in some areas would be
deemed categorically “Non-stable” under the guidance because it is periodically discharging to the River.

Under the assumption that LNAPL stability was established for the upland portion of the Site, recoverability would remain
as the key issue under the guidance. For the NAPL thickness values observed at the Site, the evaluation of whether
continued recovery is feasible focuses on T, and recovery volumes over time. As noted in Section 4.6, GZA completed an
LNAPL bail down test at well NFSB-02 in March 2020 in general accordance with ASTM Guidance and analyzed the data
using the relevant APl worksheet (Appendix L)®. The Ty, values calculated for NFSB-02 ranged from approximately 0.17
to 0.41 feet squared per day (ft>/day), averaging 0.34 ft2/day. MassDEP’s NAPL Guidance indicates that T, values less than
0.8 ft?/day indicate that appreciable quantities of LNAPL cannot be recovered, and continued removal actions may be
considered infeasible. Note that LNAPL recovery volumes at well NFSB-02 also support an infeasibility conclusion. The
MassDEP Guidance indicates that total LNAPL recovery volumes of less than 1 gallon over any three-month period would
indicate that it is no longer feasible to recover. Recovery rates at NFSB-02 have been below this value for several years
with an average rate of about 0.8 gallons per three-month period for 2020 and 2021.

Conditions at B107 were not suitable for NAPL bail down testing; accordingly, GZA calculated T, based on the NAPL
saturated hydraulic conductivity” and the thickness of the NAPL zone. As noted in Section 4.7, we completed water
hydraulic conductivity testing at well MW-1, which is adjacent to B107 and also installed within the former relief holder.
GZA used the measured estimate of the water hydraulic conductivity, available subsurface data (regarding the thickness
of the LNAPL-impacted zone), and the measured fluid properties of the LNAPL from B107 to calculate T,. The estimated
value was 0.0012 ft?/day, which is well below the value provided in the LNAPL guidance (0.8 ft?/day) for “Conditionally
Infeasible” recovery. Recovery rates at well B107 are also well below the MassDEP Guidance criteria of 1 gallon over any
three-month period for an infeasibility demonstration. The T, calculation is documented in Appendix L. We conducted a

6 The APl worksheet analysis used methods developed by Bouwer and Rice (1976), Cooper and Jacob (1946), and Cooper, Bredehoeft, Papadopulos
(1967); analytical results among the methods showed reasonable correlation.

"Note as indicated in the LNAPL guidance as well as elsewhere (e.g., American Petroleum Institute Publication 4760 dated January 2007), the NAPL
zone is not fully saturated by NAPL (i.e., due to air-filled and water-filled pore space). As such the NAPL saturated conductivity will overstate the
actual NAPL conductivity and thus the Tn calculated in this manner will overstate the actual Tn. Accordingly, this calculated Tn should be considered
a conservative (i.e., upper bound) estimate of the actual Tn at the Site
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similar evaluation for well NFSB-02 as a check on the bail down testing results and the estimated T, (0.42 ft?/day) was
consistent with the value from the bail down testing. These results indicate that the NAPL in wells NFSB-02 and B107 is
no longer feasible to recover under the MassDEP guidance.

8.3.5 Site-Specific Migration Issues

COCs present in soil at the Site would be expected to exhibit only limited mobility given the nature of the primary
constituents (limited solubility and a propensity for adsorption to organic matter and solids) and Site conditions (an almost
entirely paved or building-covered Site with low-permeability soils beneath the fill). Direct migration via runoff and the
generation of fugitive dust would not be significant migration pathways under current conditions due to the primarily
subsurface nature of Site COCs and the presence of pavement and structures. An evaluation of soil gas conditions has
concluded that vapor intrusion into occupied structures is not a significant pathway at the Site. Site COCs present in
groundwater will continue to migrate with groundwater flow toward the Little River. The rate of contaminant migration
will be controlled by groundwater transport velocities (see Section 6.2.3) and attenuation effects. For the Site COCs,
adsorption will reduce the transport velocity of the contaminants relative to groundwater pore velocities. This reduction,
often termed a retardation factor, is a function of soil organic carbon content, COC properties, and physical characteristics
of the soil mass. For the types of COCs found at the Site and observed soil conditions, retardation factors can exceed 10
(i.e., the constituents migrate at rates less than 10 percent of the groundwater transport velocity).

Site COCs will be subject to various attenuation mechanisms as they migrate with groundwater flow, including
biodegradation and volatilization. For the most mobile of the Site COCs (BTEX and the VPH fractions), biodegradation by
naturally occurring microbes has been demonstrated to significantly attenuate concentrations with distance from a
source. Volatilization is also a significant attenuation mechanism for this same group of compounds. The residual COCs
in groundwater would then be subject to substantial dilution as the limited flow from the Site discharges into the Little
River. As part of this evaluation, GZA completed a quantitative assessment of the discharge to the River. Using the
groundwater flow calculations outlined in Section 6.2.3 and estimates of stream flows developed from data included in a
recent study of the dam just upstream of the Site, GZA developed site-specific dilution factors for discharge of
groundwater to the Little River. Estimated stream flow for a “low flow” condition® in the Little River was 4.9 cubic feet
per second (cfs), which is equivalent to approximately 2,200 gpm. The dilution factor for groundwater discharge from the
Site to the River developed using these values and the previous estimates was approximately 2,000. With the combined
impact of dilution and other attenuation mechanisms, it is unlikely that detectable levels of Site COCs would be found in
Little River surface water.

Since 2019, measurable accumulations of NAPL have been observed within only two wells at the Site, and evaluations
completed in accordance with MassDEP’s NAPL Guidance have concluded that this material is stable and no longer feasible
to recover. However, NAPL has migrated from the Site into the sediments of the Little River and observations indicate
that such migration is still occurring under certain conditions. This condition will be a focus of future remedial evaluations.

8.4 DISPOSAL SITE BOUNDARY DELINEATION

Soil, groundwater, and sediment data collected during the Phase Il study and prior investigations, coupled with
information on groundwater/surface water flow patterns and Site history, were used to delineate the Disposal Site
Boundary. To the north, Winter Street was designated as the Site Boundary based on historical information indicating

8nthe report titled “Little River Dam Removal Feasibility Study dated June 2021 and prepared by Fuss & O’Neill, base flow in the Little River was
estimated to be 9.8 cubic feet per second (cfs). GZA used one half of this value (4.9 cfs) as a conservative estimate of typical low flow in the River
at the Site.
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that Site operations did not extend beyond the current right-of-way and the anticipated southerly to southwesterly
groundwater flow direction north of the Property, which would limit migration of COCs beyond the southern edge of the
street. The easterly border of the Site was established based on historical information on the extent of Site activities, the
presence of the elevated railroad embankment and the documented westerly to southwesterly flow direction for both
groundwater and ground surface water runoff, which would preclude migration to the east of the property boundary. The
Little River represents a groundwater flow boundary to the south and west and delineates the Disposal Site Boundary in
those directions. While sediments within the river have been impacted by OHM from the Site, explorations to the
west/southwest of the water body did not indicate evidence of MGP residuals and an apparent easterly groundwater flow
direction was observed. To the southwest, we have conservatively assumed that sediments extending to the mouth of
the Little River Conduit have been impacted by OHM from the Site. Based on the construction details and history of the
Conduit, measurable impacts from the Site downstream of the northern edge of the structure would not be anticipated.

9.0 CONCEPTUAL SITE MODEL SUMMARY

This section provides a succinct description of the CSM that guided our evaluation of the Site. This description of the CSM,
which was developed in accordance with the guidance developed by the MassDEP in conjunction with the LSP
Association®, outlines the Site’s environmental setting, the nature and types of contaminants released at the Site, the
nature of contaminant pathways, and the location of human and environmental receptors. Per MassDEP guidance, the
CSM, which evolved as the work was completed, was used in the selection of the number, type and location of tests; and
to establish a framework for evaluating the adequacy of the testing program.

9.1 ENVIRONMENTAL SETTING

The 284 Winter Street Site is located on the south side of Winter Street, adjacent to the Little River in the central portion
of Haverhill, Massachusetts. Ground surface in the upland portion of the Site is relatively flat at approximately elevation
25 feet (North American Vertical Datum of 1988 — NAVD 88) with a sheer drop from a retaining wall along the western
edge of the 284 Winter Street Property to the Little River, with a typical water level at elevation 6-9 feet NAVD 88. Regional
groundwater flow is to the west/southwest toward the Little River with surface runoff also to the river. The river enters
aconcrete flood conduit that runs beneath downtown Haverhill at the southern edge of the Site. The Disposal Site consists
of approximately 1.6 acres of land encompassing the former MGP facility and current gasoline service station at 284
Winter Street, the southern portion of the Winter Street right-of-way adjacent to the Property, a thin strip of vacant land
owned by the MBTA between the Property and the railroad embankment to the east and a stretch of the Little River. The
284 Winter Street Property is the only portion of the Disposal Site that is occupied and in active use (as a gasoline service
station and car wash).

9.2 NATURE AND SOURCES OF CONTAMINATION

The Property was formerly used as an MGP between approximately 1853 and 1970, with various gas production processes
utilized over this period. Raw materials, manufactured gas and associated byproducts and wastes were stored within the
property using various tanks, holders and other structures. While specific spill or disposal incidents were not documented
during the MGP’s operation, raw materials and byproducts were released to the environment within the plant footprint,
as is common with these types of facilities in this time frame. The actual release mechanisms and specific types and
volumes of materials released are unknown, but it is apparent that coal tar was released historically at several locations.
It is also likely that other petroleum products (including fuel oils) were released to the soil and groundwater during the
operation of the gasoline service station between 1977 and the present. These releases have resulted in the presence of

9 LSP Association Seminar presented jointly with the MassDEP, MCP Representativeness Evaluations & Data Usability Assessments February 2008.
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both light and dense NAPL and COCs such as PHCs (including Co-C10 aromatics, Co-C1 aliphatics and C11-Co, aromatics),
PAHs, and aromatic VOCs in the subsurface at the Site and in sediments of the Little River.

9.3 CONTAMINANT MIGRATION PATHWAYS

Potential contaminant migration pathways at the Site under current conditions include transport of dissolved constituents
(naphthalene, aromatic VOCs, EPH and VPH fractions) via groundwater flow and migration of vapors from volatile
constituents. The Little River is the discharge points for Site groundwater. Based on the observed levels of dissolved COCs
in groundwater at the Site and the dilution/attenuation mechanisms that impact those constituents, measurable impacts
on the Little River would not be anticipated. Two occupied structures, the gasoline station kiosk and the car wash building,
are located within the groundwater plume; a vapor intrusion evaluation concluded that significant impacts to the indoor
air at these structures would not be anticipated. Significant levels of Site COCs are generally not present in surface soils
and most of the Site is covered with pavement, concrete slabs or buildings, so there is limited potential for transport via
soil erosion/runoff or fugitive dust.

Measurable accumulations of NAPL are present in isolated spots within the upland portion of the Site, including coal tar
DNAPL and a petroleum-based LNAPL. Evaluations completed under MassDEP’s NAPL guidance concluded that the
mobility of these materials is presently limited and continued recovery of the upland NAPL is considered infeasible. NAPL
has historically migrated to the Little River and VOT is widespread in sediments below the Little River adjacent to the 284
Winter Street Property. Observations during the Phase Il field program suggest that continued seepage of NAPL is
occurring through the retaining wall at the Site under certain seasonal low water level conditions.

9.4 POTENTIAL RECEPTORS

Current potential receptors for COCs remaining in Site soil, groundwater and sediments include customers and workers
at the 284 Winter Street Property, utility workers, and local residents who may contact surface water and sediments in
the Little River. Note that the river is not easily accessible in the vicinity of the Site due to the presence of the retaining
wall and steep banks on the western side of the river. However, what appeared to be homeless individuals have been
infrequently observed in small huts or encampments adjacent to the river. There are also ecological receptors within the
Little River which could be impacted by residuals from the Site that have been observed in sediments. Groundwater is not
used for drinking water supply purposes downgradient of the Site, so that is not a possible exposure point for this Site.
Potential future receptors would include future facility, construction and utility workers within the Site; possible future
residential, school and recreational use of the 284 Winter Street property will be restricted by an Activity and Use
Limitation (AUL) to be filed as part of the MCP closure activities. The relevant current and future receptors were evaluated
in the context of the Method 3 risk characterization for the Site, which is outlined below.

10.0 SUMMARY OF RISK CHARACTERIZATION RESULTS

GZA completed a Method 3 Risk Characterization in accordance with the requirements of the MCP (including the 2014
amendments) and MassDEP Guidance for Disposal Site Risk Characterization (MassDEP, 1995, 1996, 2002a-c, and 2008)
to evaluate Site-specific risks to human health, safety, public welfare, and the environment. This risk characterization was
conducted to establish whether a condition of No Significant Risk, as defined by the MCP, exists at the disposal Site for
identified human and terrestrial environmental receptors at the Site under current and foreseeable future land uses and
activities. A Method 3 risk characterization incorporates comprehensive site information into the characterization of risk
and is appropriate when the release of OHM is not limited to soil and groundwater. The full human health risk
characterization report is presented in Appendix D; a summary of the risk characterization results is provided below. An
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ecological risk characterization that evaluates the risks associated with impacts to the river is included in Anchor’s report
in Appendix C.

10.1  RISKS TO HUMAN HEALTH

The MCP indicates that a condition of No Significant Risk of harm to human health exists or has been achieved if:
e No Cumulative Receptor Non-Cancer Risk is greater than the Cumulative Receptor Non-Cancer Risk Limit of 1;
¢ No Cumulative Receptor Cancer Risk calculated is greater than the Cumulative Cancer Risk Limit of 1 x 10°°; and

¢ No Exposure Point Concentration of OHM is greater than an applicable or suitably analogous public health
standard.

The Method 3 Risk Characterization evaluated risks associated with the Site based on an evaluation of receptors, activities
and use, exposure pathways and calculated exposure point concentrations (EPCs). Receptors included current and future
employees, construction workers excavating into the subsurface, emergency repair/utility workers who perform
emergency utility repair work, and service station customers. The risk characterization then calculated the cumulative
risks via exposure to the Site and compared the risk estimates to the MCP non-cancer risk limit of a hazard index (HI) of
one and the MCP cancer risk limit of an excess lifetime cancer risk (ELCR) of one in one hundred thousand (1 x 10%). With
the exception of one receptor group/exposure scenario (construction/utility worker receptor group excavating below the
water table within the former holder area), risk estimates were below the MCP criteria. The risk estimate for the one
scenario which exceeded the limits were driven by benzene and naphthalene concentrations in the perched groundwater
within the historical holder, where an active electrical line is apparently present.

10.2  RISKS TO SAFETY

The purpose of evaluating the risk of harm to safety is to identify release-related conditions within the Site area that could
pose a threat of physical harm or bodily injury to people. Examples of conditions that constitute a risk of harm to safety
are: the presence of rusted or corroded drums or containers; weakened berms; unsecured pits, ponds, lagoons, or other
dangerous structures; any threat of fire or explosion, including the presence of explosive vapors resulting from a release
of OHM; reactive chemicals stored or disposed of in a way that does not reasonably preclude uncontrolled reactions; any
uncontained materials which exhibit the characteristics of corrosivity, reactivity, or flammability described in
310 CMR 40.0347; or the presence of ionizing or non-ionizing radiation.

No such release-related safety hazards were identified within the Site, nor are they anticipated to occur in the future.
Therefore, a condition of No Significant Risk of harm to safety exists at the Site under the current and foreseeable future
uses.

10.3  RISKS TO PUBLIC WELFARE

The risk of harm to public welfare considers the existence of nuisance conditions, loss of another person's active or passive
property use, and any non-pecuniary costs that may accrue due to the degradation of public or private resources directly
attributable to the release of OHM. The risk of harm to public welfare (and the environment) is also characterized by
comparing arithmetic mean concentrations of COCs in soil and groundwater to the UCLs listed in 310 CMR 40. 0996(7) or
identified pursuant to 310 CMR 40. 0996(8).



April 5, 2022
File No. 01.0172397.10

Phase Il Comprehensive Site Assessment
284 Winter Street, Haverhill, MA
Page | 32

The arithmetic mean concentrations of soil and groundwater COCs at the Site do not exceed the corresponding UCLs. The
portion of the Little River within the Site where sheens have been observed will be addressed for public welfare impacts
as part of ongoing assessment activities.

10.4  RISKS TO THE ENVIRONMENT

The Site is less than two acres, and there is no contaminant transport from surficial soil to an ACEC. Therefore, the potential
for significant risk to terrestrial receptors can be screened out in accordance with the MassDEP (1996) guidance. VOT is
present within 12 inches of the sediment surface in an area of the Little River that exceeds 4,000 square feet, which
represents a condition of “Readily Apparent Harm” to ecological receptors. Further discussion of environmental risks is
provided in Appendix C. Additional work to evaluate and mitigate conditions in the Little River is required and will be
documented in a Phase Il RAP.

11.0 CONCLUSIONS

GZA GeoEnvironmental, Inc. and Anchor QEA LLC have completed a Phase Il Comprehensive Site Assessment of the
284 Winter Street Site, in Haverhill, Massachusetts in accordance with the relevant requirements of the MCP (310 CMR
40.0830 et seq.). Based on this assessment, we developed the following conclusions:

1. The Site consists of the property located at 284 Main Street in Haverhill, Massachusetts and is currently occupied by
a gasoline service station and car wash. An adjacent, vacant property to the southeast of the 284 Winter Street parcel
also lies within the Disposal Site, along with a portion of the Little River which flows along the Property’s western
boundary. The Site occupies approximately 1.6 acres of land with a relatively level upland area separated from the
Little River (at an elevation approximately 15 feet below that of the upland area) by a masonry retaining wall.

2. The Site lies within a commercial/industrial area in the downtown portion of Haverhill. No water supplies are located
in the vicinity of the Site and environmentally sensitive areas other than the Little River have not been identified in
the Site area. The Little River has been channelized in the Site area and it enters a concrete flood conduit at the
downstream edge of the Disposal Site; this conduit flows beneath downtown Haverhill and discharges to the
Merrimack River.

3. An MGP operated at the 284 Winter Street property between approximately 1853 and 1970, with various gas
production processes utilized over this period. The Property has been used as a gasoline service station, fuel oil
distribution facility and a car wash since 1977.

4. During a site assessment for a planned real estate transaction in November 2014, certain constituents were reported
in soil and groundwater samples at concentrations exceeding the MCP RCs. The owner of the property (HRT) notified
the MassDEP regarding this finding in March 2015 and RTN 3-32792 was assigned. During assessment of this RTN in
May 2015, HRT’s consultant (Ramboll) noted a sheen on the Little River that appeared to be emanating from the
Property. An additional notification to MassDEP was made and an additional RTN (3-32875) was assigned. IRA
activities were initiated in May 2015 in response to this finding and included gauging and recovery of NAPL in Site
monitoring wells and installation of absorbent booms in the Little River. A semi-permanent boom system was installed
within the River in November 2016 and has been maintained through the present under the IRA.

5. Ramboll completed a Phase | ISl on behalf of HRT in April 2016 for RTNs 3-32792 and 3-32875 and continued IRA
activities through October 2019. The Phase Il work required under the MCP was not completed by the specified
deadline and MassDEP issued an NON. National Grid assumed responsibility for the MCP response actions for the two
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RTNs in November 2019 with the filing of a Tier Classification transfer. National Grid and MassDEP signed an ACO in
October 2020 which established a deadline of April 6, 2022 for submittal of the Phase Il report.

The Site is underlain by an historic fill layer of varying thickness and composition which overlies a fine-grained deposit
consisting of silt or silty sand. The fill underlying the 284 Winter Street property is typical of an historic urban fill,
composed of reworked natural soils with significant quantities of debris, including concrete, asphalt, brick, wood, coal
and glass. Remnants of former structures were encountered at number of locations during subsurface explorations
at the Site.

Groundwater flow at the Site is generally toward the west/southwest, with the Little River as the main discharge point.
A “perched” groundwater condition exists within the footprint of the historical relief holder in the central portion of
the Site, with groundwater elevations typically 7-8 feet higher than elsewhere within the property and within 4 feet
of ground surface. Total groundwater flow through the Site is estimated to be approximately 1 gpm, with flow rates
restricted by the relatively low permeability of Site soils. The estimated transport velocity for groundwater at the Site
is approximately 0.1 ft/day (37 ft/yr).

Petroleum and MGP-related constituents including naphthalene, other PAHs, EPH and VPH fractions and aromatic
VOCs are present in soils throughout the 284 Winter Street Property, with the most significant impacts found at the 5
to 20 foot depth range. While COC concentrations in soil exceeded the MCP Method 1 cleanup standards at a number
of locations, they were generally below the UCLs.

The primary COCs detected in groundwater samples at levels above the Method 1 standards included naphthalene,
Ce-C10 aromatics and benzene, with the highest concentrations reported in the central, western and southern portions
of the 284 Winter Street property. Significant impacts to groundwater extend from the eastern portion of the property
to the Little River; wells installed on the western side of the river to the southwest of the 284 Winter Street property
did not indicate detectable levels of the primary Site COCs.

Concentrations of constituents detected in soil gas at the Site appear to be primarily related to incidental emissions
and spills associated with the active gasoline and diesel storage and dispensing operations. GZA’s evaluation
concluded that the reported concentrations do not indicate significant potential for vapor intrusion into occupied
structures at the Site.

Significant impacts were observed to the sediments beneath the Little River adjacent to the Site, including elevated
concentrations of Site COCs and the presence of VOT over a substantial area.

NAPL has been observed at several locations across the western, central and southern portions of the Site, but
significant accumulations of separate-phase materials have only been observed at two locations in the upland area,
one of which is within the historical relief gas holder. Evaluations of NAPL mobility and recoverability completed under
MassDEP guidance concluded that these materials are not feasible to recover. NAPL has historically migrated to the
Little River and has been observed seeping from the retaining wall at the edge of the Site under certain conditions.

A Method 3 Risk Characterization has indicated that quantitative human health risk estimates were below the relevant
MCP criteria with the exception of one receptor group/exposure scenario (construction/utility workers excavating
below the water table within the former holder area). The risk estimate for the one scenario which exceeded the
limits were driven by benzene and naphthalene concentrations in the perched groundwater within the historical
holder, where an active electrical line is apparently present.
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14. Sediment conditions within the Little River adjacent to the Site represent a condition of Readily Apparent Harm (RAH)
to environmental receptors due to the widespread VOT.

15. Achievement of a Permanent Solution cannot be demonstrated at this time for the 284 Winter Street Site, due to the
exceedance of the human health risk criteria for that one exposure scenario and the RAH condition. A Phase IlI
Remedial Action Plan will be submitted to MassDEP to evaluate the feasibility of performing remedial actions to
address the identified risks and achieve a Temporary or Permanent Solution for the Site.

12.0 PUBLIC INVOLVEMENT

In accordance with Section 310 CMR 40.1403(3)(e) of the MCP, GZA has notified the Haverhill Mayor and Board of Health
of the availability of this Phase Il Comprehensive Response Action Report, and has provided them with a copy of the
findings and conclusions. Copies of these public involvement notices are included in Appendix O. In addition, in
accordance with Section 310 CMR 40.1406, the owners of the properties within the Site boundaries have been provided
with a copy of the disposal site boundary map and conclusions of this Phase Il CSA report. Copies of these notices to the
property owners, as well as copies of the data transmittal forms for environmental samples submitted in accordance with
Section 310 CMR 40.1403(10)(c), are also included in Appendix O of this Phase Il CSA submittal.
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SUMMARY OF CHEMICAL PROPERTIES FOR CONSTITUENTS DETECTED

TABLE 9

284 Winter Street
Haverhill, Massachusetts

Properties
Henry's Law
Compound Specific Gravity | Solub