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1.00 INTRODUCTION

On behalf of the City of Holyoke Office of Planning and Economic Development, (“the City”, “Property Owner” or
“Owner”), GZA GeoEnvironmental, Inc. (GZA) has prepared this Permanent Solution Statement (PSS) for the MCP
Disposal Site identified as Release Tracking Number (RTN) 1-20114 by the Massachusetts Department of Environmental
Protection (MassDEP) (the Site). Site consists of approximately 0.126-acre of land improved with a 15,100-square foot
vacant residential apartment building in the eastern-central portion of Holyoke, Massachusetts. The official address
associated with the property is 123 Pine Street. A Site Locus Map is attached as Figure 1 and a Site Plan depicting the
project limits, the Disposal Site boundary, and the existing approximate property boundaries is attached as Figure 2.

This PSS covers the portion of the property which has been impacted by a release of petroleum hydrocarbons,
specifically, No. 2 Fuel Oil, and where Extractable Petroleum Hydrocarbons (EPH) were detected in soil above the
applicable Massachusetts Contingency Plan (MCP) RCS-1 Standard. The release is attributed to two former 275-gallon
aboveground storage tanks (ASTs), which were removed from the basement of the Site building on July 5, 2016, following
the completion of an ASTM Phase I Environmental Site Assessment (ESA) performed by GZA for the City in April 2016.

As documented in this PSS, the Site meets the requirements for a Permanent Solution under the MCP because a
condition of No Significant Risk (NSR) of harm to human health, safety, public welfare, and the environment has been
achieved. GZA performed a Method 1 Risk Characterization (M1RC) for all of the Site constituents of concern (COCs).
The M1RC is attached as Appendix C. Additionally, because one or more Volatile Organic Compounds (VOCs) is present
in vadose zone soil adjacent to an occupied structure, GZA also performed a screening-level risk evaluation to estimate
risks to future building occupants via the potential vapor intrusion pathway. GZA utilized the Johnson and Ettinger Model
to estimate indoor air concentrations (Appendix H) and the MassDEP Shortform1 to estimate risk to potential future
residents (Appendix I) and demonstrate that Method 1 is an appropriate approach to assess risks at the Site. As
demonstrated in the M1RC, the calculated Exposure Point Concentrations (EPCs) do not exceed applicable MCP Method 1
standards. Therefore, an Activity and Use Limitation (AUL) or MCP Conditions will not be required to maintain a level of
No Significant Risk at the Site.

This report was prepared in accordance with the MCP, specifically, the requirements pertaining to PSS as outlined in 310
CMR 40.1056, and is subject to the Limitations included in Appendix A. A Permanent Solution Statement Transmittal
Form (BWSC104) has been submitted electronically to MassDEP, and a copy is included in Appendix B in printed versions
of this report.

This report is organized as follows:

1. Section 1.00 provides an introduction and defines the Site and terms used throughout this submittal.

2. Section 2.00 provides relevant project information, including a description of physical features and historical uses, a
summary of MCP response actions conducted to date, and the conclusions of the Method 1 risk characterization.

3. Section 3.00 presents the information required by Section 310 CMR 40.1056(2) of the MCP in support of a Permanent
Solution.

4. Section 4.00 presents the report conclusions.

1 Method 3 Risk Assessment for Resident Exposed to Chemicals in Indoor Air – Shortform 2012 (sf12ra), Andrew Friedman, MassDEP
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2.00 PROJECT INFORMATION

2.10 SITE LOCATION AND SETTING

The property is located at 123 Pine Street in Holyoke, Massachusetts and consists of approximately 0.126-acre of land
referenced as Tax Parcel Map/Block/Lot number 062-03-002 by the City of Holyoke Assessor’s office. Coordinates for the
Site are: 42°12'33.56" N and 72°36'45.16" W. A Site Locus Map is included as Figure 1.

The property is occupied by a single 15,100 square-foot building, which was previously utilized as the former Alpine
Apartments. The remainder of the property consists of grassy areas.

Groundwater at the property is assumed to flow generally to the northeast, towards the Connecticut River. Subsequent
references to upgradient and downgradient properties are based on the inferred northeasterly groundwater flow
direction.

2.20 SITE HISTORY

Historical fire insurance maps (Sanborn Maps) reviewed as part of GZA’s April 2016 Phase I ESA indicate that
development at the Site progressed from a two-story dwelling to the four-story Alpine tenement structure sometime
between 1895 and 1915. The vacant Alpine building is currently present at the Site.

2.30 MCP RESPONSE ACTIONS

Pre-Release Abatement Measure (RAM) Plan

Soil in the basement at the Site has been impacted by a release of petroleum hydrocarbons, specifically, No. 2 Fuel Oil.
The suspected source of the contamination was a release from one of two former aboveground storage tanks (ASTs)
which were removed from the Site on July 5 of 2016, following the completion of an ASTM Phase I Environmental Site
Assessment (ESA) performed by GZA for the City in April 2016. The Phase I ESA indicated that one of the two former
ASTs exhibited corrosion near its base, with oil-stained concrete beneath.

During removal of the ASTs by the City’s contractor, Associated Building Wreckers (ABW), one of the tanks began to leak
No. 2 fuel oil onto the floor. Prior to removal, the tanks were presumed to be empty based upon a fuel gauge located on
top of the tanks which was later determined not to be functional. It was estimated at the time of the release that less
than the MCP Reportable Quantity of ten gallons of fuel oil were released to the basement floor. During removal, ABW
applied absorbent material to the released fuel oil, which was then removed from the floor and containerized for off-Site
disposal. The disposal documentation is provided as Appendix E. On the same day the ASTs were removed by the City’s
contractor, GZA collected soil samples BSMT-2 and BSMT-3 from the Site (a third sample, BSMT-1, was collected but not
analyzed) via hand auger methods. The locations of the samples are shown on Figure 2. The samples were collected
from bare earth or beneath compromised portions of the thin concrete basement floor near the former tank locations
(and location of release), from depths of approximately three to nine inches below the top of the basement floor. As
shown in Table 1, the Extractable Petroleum Hydrocarbon (EPH) analyses performed by ESS Laboratory of Cranston, RI
(ESS) via MADEP-EPH and USEPA 8270 methods indicated that sample BSMT-2 exceeded the applicable Reportable
Concentrations (RCS-1) for several constituents including C9-C18 Aliphatics (19,990 mg/kg), C19-C36 Aliphatics (4,500
mg/kg), C11-C12 Aromatics (1,890 mg/kg), 2-methylnaphthalene (43.8 mg/kg), and naphthalene (12.1 mg/kg). Therefore,
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these detections represented a 120-day Reportable Condition under the MCP. Although C9-C18 Aliphatics was detected
above laboratory method reporting limits (MRLs) in the BSMT-3 sample, the concentration (27.3 mg/kg) was well below
the reportable concentration for this constituent. No other EPH constituents were detected above laboratory MRLs in
sample BSMT-3. On behalf of the City, GZA notified MassDEP of the reportable condition on November 3, 2016.

On August 18, 2016, GZA returned to the Site to collect additional soil samples “123 Pine - S-4” through “123 Pine – S-7”
beneath the basement floor, to continue to delineate the extent of the release. The samples were collected from a depth
of three to nine inches below the floor of the basement, except for sample “123 Pine – S-6”, which was a continuation of
the original BSMT-2 sample, and which was collected from a depth of approximately twelve to eighteen inches below
the floor. All of these samples were analyzed by ESS for EPH. As shown on Table 1, samples were compared to the MCP
S-1, S-2 and S-3 GW-2 and GW-3 standards. Although there were detections of EPH constituents in two of these samples,
none exceeded the aforementioned standards.

Based upon the analytical results described above, the release was estimated to be limited to the BSMT-2 sample area
to a depth of approximately nine to twelve inches below the floor of the basement.

Release Abatement Measure (RAM) Plan

GZA submitted a RAM Plan for the Site to MassDEP on behalf of The City of Holyoke Office of Planning and Economic
Development on April 24, 2017. This Plan described the proposed excavation and containerization of approximately 1
cubic yard (CY) of soil, as well as describing the planned post-excavation soil sampling at the Site. The objective of the
RAM was to remove only those soils that were impacted above the MCP Method 1 S-1 standards. It was not the objective
of the RAM to reach non-detectable levels for the remaining Site soils.

RAM Activities

On April 25, 2017, Western Mass Environmental, LLC (WME) performed excavation activities at the Site with oversight
by a GZA representative. Excavation was performed by hand methods (shoveling after breaking the concrete using a
sledgehammer) and began at the BSMT-2 sample location, in the southeastern portion of the basement (Figure 2). Soil
was shoveled into 5-gallon buckets and loaded through a basement window, where a WME worker emptied the buckets
into 55-gallon steel drums. During excavation, the areal and vertical extents of the excavation were guided using a
photoionization detector (PID) measuring jar headspace of soil collected from the excavation. Background indoor air
conditions in the basement ranged from 0.0 ppm to 0.2 ppm, as determined by the PID. Excavation continued laterally
and vertically in areas where PID readings above 10 ppm were observed. Excavation at the BSMT-2 location proceeded
first to a depth of approximately 16 inches below the basement floor surface grade, where a PID reading of 75 ppm was
recorded. Excavation continued to a depth of 2 feet below grade, where the PID did not detect volatile organic
compounds (VOCs) above background conditions (two separate screenings from soil at this depth resulted in readings of
0.0 ppm and 0.2 ppm). Soil from the sidewalls of the excavation was screened at a depth of approximately 1 foot below
the basement floor, and except for the eastern sidewall which had a PID reading of 84 ppm, all of the PID readings were
less than 5 ppm. Therefore, WME continued the excavation approximately 2 feet eastward along the basement wall. The
excavation in the eastern portion of the excavation continued vertically to a depth of 4 feet below the basement floor,
where a PID reading of 24 ppm was observed. The excavation continued another 4 inches deep (approximately), where
sample “E. Exc. Bottom” was collected. Soil above this location along the southern sidewall footing and under the
foundation southern basement wall (between 1 and 2 feet below the basement floor) was screened and had a PID reading
of 54 ppm. WME shoveled soil under the wall in this location until they encountered the basement footing. In addition
to the grab sample previously described, GZA collected a composite sample from the locations shown on Figure 2. Soils
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encountered during excavation appeared to consist mainly of sand. The excavation was backfilled with clean soil supplied
by WME after the post-excavation samples were collected.

While the excavation was open, GZA collected two post-excavation soil samples: “Exc. Composite” was composited from
soil remaining along the excavation sidewalls of the excavation, collected from approximately 1 foot below basement
floor grade, as well as from the soil remaining at the excavated BSMT-2 sample location, and “East Exc. Bottom” was a
grab from the base of the eastern portion of the excavation, collected approximately 4.25 feet below basement floor
grade. Sample locations are shown on Figure 2. The samples were submitted to ESS on a 5-day turnaround time (TAT)
for EPH analysis by MassDEP USEPA 8270 methods. The samples were compared to MCP Method 1 S-1, S-2 and S-3/
GW-2 and GW-3 Standards. As shown in Table C-1 of the M1RC (Appendix C), some EPH constituents were detected
above laboratory MRLs in both soil samples, though none exceeded the Method 1 S-1, S-2, S-3 / GW-2 or GW-3 Standards.

Specifically, the C9-C18 aliphatic hydrocarbon range was detected above laboratory MRLs in both samples, and soil

sample “East Exc. Bottom” also contained C19-C36 aliphatic hydrocarbons, C11-C22 aromatic hydrocarbons and polycyclic
aromatic hydrocarbon (PAH) 2-methylnaphthalene, however these analytes were all below applicable MCP Method 1 soil
standards. The approximate final excavation dimensions are shown on Figure 2.

In total, WME removed three (3) 55-gallon drums of petroleum-impacted soil and transported the drums to the Veolia
TSDF Solvent Recycling & Energy Recovery 10 Day In-Transit Service & Sales Center, in West Carrollton, Ohio.

3.00 PERMANENT SOLUTION DOCUMENTATION

As described in Section 310 CMR 40.1041 of the MCP, Permanent Solutions may be categorized as a Permanent Solution
with No Conditions or a Permanent Solution with Conditions. As described in that Section, the category of Permanent
Solution can be established based upon the following factors:

1. Oil and/or hazardous material (OHM) concentrations do not exceed an applicable Upper Concentration
Limit (UCL) in soil or groundwater unless such levels are consistent with Natural Background (Permanent
Solution with No Conditions); or

OHM above applicable UCLs in soil is located at a depth greater than 15 feet from the ground surface or
below an engineered barrier and an evaluation conducted pursuant to 310 CMR 40.0860 indicates it is not
feasible to reduce the concentrations to less than or equal the applicable UCLs in soil (Permanent Solution
with Conditions).

2. A level of NSR exists and will be maintained for all current and foreseeable future uses of the Site
(Permanent Solution with No Conditions); or

A level of NSR exists and will be maintained for all current and foreseeable future uses of the Site relying on
one or more the following (Permanent Solution with Conditions):

a. Assumed limitations on future Site activities or uses that require an AUL, as specified in 310 CMR
40.1012; or
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b. Assumed limitation on current or future Site activities, uses, or conditions that do not require an AUL

pursuant to 310 CMR 40.1013.

3. Sites where response actions have eliminated all threats of release and no release of OHM to the
environment has occurred (Permanent Solution with No Conditions).

At the Site, none of the detected OHM concentrations exceed applicable UCLs in soil and a level of NSR exists without
the implementation of an AUL. Therefore, the Site is eligible for a Permanent Solution With No Conditions.

The following sections provide documentation to support the Permanent Solution in accordance with Section 310 CMR
40.1056(1) and (2) of the MCP. Note that certain clerical documentation requirements under 310 CMR 40.1056(1) are
addressed on the BWSC104 Permanent And Temporary Solution Statement Transmittal form included in Appendix B of
printed versions of this report or previously in this section. These items (a, b, h and i) are not repeated in the following
sections.

3.10 RISK CHARACTERIZATION METHOD AND SUPPORTING INFORMATION FOR NO SIGNIFICANT RISK
CONCLUSION (40.1056(1)(c) AND 40.1056(2)(f))

Because one or more Volatile Organic Compounds (VOCs) is present in vadose zone soil adjacent to an occupied
structure, GZA performed a screening-level risk evaluation to estimate risks to potential future building occupants via
the potential vapor intrusion pathway. GZA utilized the Johnson and Ettinger Model to estimate indoor air
concentrations (Appendix H) and the MassDEP Shortform to estimate risk to residents (Appendix I) and demonstrate
that Method 1 is an appropriate approach to assess risks at the Site.

A Method 1 Risk Characterization was used to evaluate risk at the Site. Information supporting the conclusion that a level
of NSR has been achieved is summarized in this Section and presented in Appendix C.

3.20 RELATIONSHIP TO OTHER PERMANENT OR TEMPORARY SOLUTIONS (40.1056(1)(D))

This PSS is being filed for a release which covers only a portion of the property. There are currently no other Permanent
or Temporary Solutions filed for this disposal Site. There are no additional response actions needed for any other portions
of the disposal Site.

3.30 ACTIVITY AND USE LIMITATION IMPLEMENTATION AND SUPPORTING INFORMATION (40.1056(1)(E) AND
40.1056(2)(H))

An AUL will not be necessary to maintain a condition of NSR at the Site.

3.40 ASSUMPTIONS REGARDING CURRENT OR FUTURE USES THAT DO NOT REQUIRE AN AUL (40.1056(1)(F) AND
40.1056(2)(J))

Based upon the Response Actions completed at the Site, this is a Permanent Solution With No Conditions. As such, this
Permanent Solution is not based upon any of the Limitations, Assumptions or Conditions on Site Activities and Uses That
Do Not Require an AUL (310 CMR 40.1013), which include the following:
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(a) the recommendation of Best Management Practices for non-commercial gardening in a residential setting to

minimize and control potential risk qualitatively evaluated pursuant to 310 CMR 40.0923(3)(c);

(b) the concentrations of OHM at the disposal site are consistent with Anthropogenic Background levels;

(c) the location of residual contamination within a public way or within a rail right-of-way; or

(d) the absence of an occupied building or structure in an area in which the groundwater would otherwise be
classified as GW-2 pursuant to 310 CMR 40.0932(6), and where the residual concentrations of OHM in the
groundwater exceed the GW-2 standards published in 310 CMR 40.0974(2).2

3.50 ACTIVE EXPOSURE PATHWAY MITIGATION MEASURES (40.1056(1)(G))

No Active Exposure Pathway Mitigation Measures (AEPMMs) are being undertaken at the Site. As demonstrated in the
M1RC, none of the Site COCs exceeded the applicable Method 1 standards. As such, no AEPMMs will be necessary to
maintain a condition of NSR.

3.60 UCL EXCEEDANCES (40.1056(1)(j)) AND 40.1056(2)(i))

There were no UCL exceedances in the release area covered by this PSS.

3.70 USE OF COMPENDIUM OF ANALYTICAL METHODS (40.1056(1)(k))

Exploration programs completed at the release Site employed the relevant methods and the data were generated
pursuant to the MassDEP’s Compendium of Analytical Methods (CAM). A Representativeness Evaluation and Data
Usability Assessment (REDUA) was completed by GZA and is appended to this PSS. This is discussed further in Section
3.140 below.

3.80 DISPOSAL SITE LOCATIONS AND BOUNDARIES (40.1056(2)(a))

The Disposal Site is located at 123 Pine Street in Holyoke, Massachusetts. The Disposal Boundaries for the release area
covered by this PSS are shown on Figure 2 along with pertinent Site features. The depicted boundaries are the areas
where OHM associated with a release from two former 275-gallon fuel oil ASTs at the Site have come to be located based
on explorations, soil screening, and confirmatory sampling and testing completed at the Site.

The excavation area measured approximately 4 feet long beginning just west of the BSMT-2 sample location along the
southeastern portion of the southern basement wall. At its greatest width, the excavation measured approximately 2
feet. The excavation measured approximately 4.25-feet deep at the southeastern end and approximately 2 feet deep at
it northwestern end.

The disposal Site includes the entirety of the excavation area. Lengthwise, the disposal Site boundaries extend
approximately 1.25-feet past the southeastern edge of the excavation, towards the 123 Pine S-4 sample location and
approximately 14 inches past the northeastern edge of the excavation area, towards the 123 Pine S-7 sample location.
At its greatest width, the disposal Site boundary extends approximately 5-feet to the northeast and includes the BSMT-
3 sample location.

2 Based upon the Response Actions completed at the Site, there does not appear to have been a release to groundwater at the Site.



May 2017
15.0166521.00

123 Pine Street, Holyoke, MA - Permanent Solution Statement Without Conditions
Page | 7

Proactive by Design
3.90 CONCEPTUAL SITE MODEL SUMMARY (40.1056(2)(B))

The property has been a dwelling since at least the late 1800’s and served as the Alpine apartments beginning sometime
between the late 1800’s and 1915. Two 275-gallon aboveground storage tanks were previously located in the basement of
the building. GZA identified one of the ASTs as a Recognized Environmental Condition (REC) in a Phase I ESA completed for
the City in April 2016, due to corrosion observed at its base and stained concrete beneath the tank.

During removal of the ASTs by the City’s contractor in July 2016, one of the tanks (which were both thought to be empty; the
tank gauges were determined to be faulty), began to leak onto the floor of the basement. The City’s contractor applied
absorbent material to the floor and pumped out the remaining fuel oil from both tanks, which were removed the same day.
Spent absorbent material was containerized and removed from the Site and disposed of as State Regulated Oil Liquid (Oil,
Water, and debris). On the same day as the AST removal, GZA collected two soil samples from beneath compromised
portions of the basement floor, or exposed earth. Concentrations of EPH constituents C9-C18 Aliphatics, C19-C36 Aliphatics,
C11-C12 Aromatics, 2-methylnaphthalene and naphthalene in one of the samples exceeded RCs. GZA notified MassDEP of
this condition on behalf of the City on November 3, 2016.

GZA further delineated the extent of the release with additional soil samples collected in August 2016. The samples (“123
Pine - S-4” through “123 Pine – S-7”) were collected from a depth of three to nine inches below the floor of the basement,
except for sample “123 Pine – S-6”, which was a continuation of the original BSMT-2 sample, and which was collected
from a depth of approximately twelve to eighteen inches below the floor. All of the delineation samples were analyzed
by ESS for EPH. Although there were detections of EPH constituents in two of these samples, none exceeded the MCP
S-1, S-2 and S-3 / GW-2 and GW-3 standards.

On April 25, 2017, WME performed hand excavation activities at the Site beginning at the BSMT-2 sample location, in the
southeastern portion of the basement (Figure 2). Using a PID, the areal and vertical extents of the excavation were estimated
and the excavation continued eastward from the BSMT-2 location along the basement wall. Excavation continued to a depth
of 2 feet below grade at the BSMT-2 location and to approximately 4.25 feet in the eastern part of the excavation. GZA
collected grab sample “E. Exc. Bottom” from the deepest part of the excavation and a composite sample from the remaining
sidewalls and bottom of the western portion of the excavation, as shown on Figure 2. The excavation was backfilled with
clean soil supplied by WME after the post-excavation samples were collected.

The C9-C18 aliphatics hydrocarbon fraction range was present in both samples above laboratory MDLs but well below
applicable Method 1 Standards. Soil sample “East Exc. Bottom” also contained EPH fractions C19-C36 aliphatic

hydrocarbons, C11-C22 aromatic hydrocarbons and target analyte 2-methylnaphthalene above MDLs, though well below
the applicable Method 1 standards.

The MCP Disposal Site has been defined and its limits are shown on Figure 2. Based on the post-excavation soil samples, the
petroleum impact does not extend significantly in any direction from the excavation. Based on the nature, limited size and
location of the release, it is likely that contamination is related to releases from the former No. 2 Fuel Oil ASTs.

3.100 DEMONSTRATION THAT SOURCES OF OHM HAVE BEEN ELIMINATED OR CONTROLLED (40.1056(2)(c))

The OHM at the Disposal Site covered under this PSS were from on-Site sources: leaking aboveground storage tanks and
the resulting petroleum-impacted soil. As the ASTs and more significantly impacted soils have been removed, there is
no longer a significant source of OHM contributing to the Disposal Site and the sources of OHM have been eliminated (in
the case of the ASTs) and controlled (in the case of residual impacted soil).
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3.110 DEMONSTRATION OF SUBSURFACE MIGRATION CONTROL (40.1056(2)(d))

As described in the M1RC performed for the release area, a condition of No Significant Risk of harm to human health,
safety, public welfare, and the environment exists at the Site.

3.120 DEMONSTRATION OF NAPL CONTROL (40.1056(2)(e))

NAPL was not detected in the soil explorations.

3.130 BACKGROUND FEASIBILITY EVALUATION (40.1056(2)(g))

In evaluating the feasibility of achieving background, in accordance with the MassDEP Policy “Conducting Feasibility
Evaluations Under the MCP” (Policy No. WSC-04-160) dated July 16, 2004 (Feasibility Guidance), GZA considered the five
specific MCP criteria for feasibility:

a. technological feasibility;

b. cost-benefit analysis;

c. availability of individuals with appropriate expertise;

d. availability of off-site land disposal facilities; and

e. site access/control constraints (for off-property sources of OHM).

For this Site, item “b” - the balance between cost and benefit - was the main parameter in the feasibility evaluation. Item “b”
incorporates three main issues:

1. The incremental costs of remedial action relative to the incremental benefits of risk reduction, environmental
restoration and “monetary and nonpecuniary values”;

2. The control of risks to health, safety, public welfare and the environment posed by implementation of the remedial
action; and

3. The potential for destruction of wetlands or wildlife habitat or substantial deleterious impact to the environment.

The residual soil contamination at the Site could be addressed by the excavation and off-Site disposal of soil from the release
area. Risks to health, safety, public welfare, and the environment during remediation by excavation and off-Site
transportation and disposal could be controlled through the use of a RAM Plan. Additionally, there are no wetlands or
significant wildlife habitat on the property. Thus, the limiting factor with respect to the feasibility of achieving or approaching
background levels at the Site was the incremental cost of implementing the remedy relative to the incremental benefits of
risk reduction, environmental restoration and “monetary and nonpecuniary values.”

The Feasibility Guidance provides guidance on evaluating when the incremental cost of conducting the remedial action is
“substantial and disproportionate” relative to the incremental benefit. An incremental cost exceeding 20 percent (%) of the
cost required to achieve NSR is considered to represent infeasibility. As the release Site covered under this PSS currently
achieves NSR without the need for additional remediation (i.e., there is no further cost to achieve NSR), any incremental costs
to achieve background conditions at the Site would be significantly more expensive (on a percentage basis) than the cost of
achieving NSR (which is no cost). This evaluation indicates that remediation to background conditions in this area is therefore
infeasible according to the cost-benefit criterion.
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Additionally, according to the Feasibility Guidance, “The benefits of additional remedial actions to achieve or approach
background for degradable/nonpersistent contaminants would be considered insufficient to justify the costs of those actions.”
Certain residual petroleum hydrocarbons at the Site have been and would continue to be subject to various natural
attenuation mechanisms. These mechanisms, including biodegradation, will continue to ultimately reduce residual
contaminant concentrations to levels approaching background concentrations over time.

Based on these considerations, it is GZA’s opinion that restoration of soil at the Site to background concentrations is not
feasible in accordance with 310 CMR 40.0860.

3.140 DATA USABILITY ASSESSMENT AND DATA REPRESENTATIVENESS EVALUATION (40.1056(2)(K))

GZA prepared a REDUA in accordance with the MassDEP’s policy entitled “MCP Representativeness Evaluations and
Data Usability Assessments” (Policy #WSC-07-350) dated September 19, 2007, as part of this PSS. The REDUA is
contained in Appendix G of this PSS. All samples collected at the Site were assessed under the REDUA. A summary of
the REDUA findings is provided below.

As described in the REDUA, analytical results for all three sample delivery groups (SDGs) (1606809, 1607072 and 1608558)
met the requirements for “Presumptive Certainty,” as described in MassDEP policy WSC-CAM-VIIA, Quality Assurance
and Quality Control Guidelines for the Acquisition and Reporting of Analytical Data (MassDEP, 2010).

Minor deficiencies were noted for the six SDGs based on the review of the laboratory reports. The deficiencies for the
data include: (1) sampling containers not compliant with the CAM requirement (8 oz. jars used instead of 4 oz. jars for
initial characterization samples) and (2) Surrogate recovery of 1-chlorooctadecane for BSMT-2 was diluted out, though
the recoveries of the other three surrogates were within the CAM limits, and soil associated with BSMT-2 has since been
removed from the Site.

GZA’s REDUA concluded that the data set used to support the PSS is scientifically valid and defensible, of sufficient
accuracy, precision and completeness, and representative with regard to spatial and temporal distribution of sampling
points. Based on the results of the REDUA, it is GZA’s opinion that data set for the Site is adequate to support this PSS.

3.150 REQUIREMENT FOR OPERATION/MAINTENANCE OR MONITORING (40.1056(2)(l))

No AULs or other engineering controls will be required to maintain a condition of NSR at the Site. Therefore,

operation/maintenance or monitoring will not be required.

3.160 FINANCIAL ASSURANCE MECHANISMS

A Permanent Solution With No Conditions has been achieved for the Site. Therefore, financial assurance will not be

required.

3.170 FILING OF PERMANENT SOLUTION STATEMENT

This PSS is being electronically transmitted to MassDEP accompanied by transmittal form BWSC-104 signed and
stamped by the LSP for RTN 1-20114. A copy of the transmittal form is attached in Appendix B of printed versions of this
document.
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3.180 PUBLIC INVOLVEMENT`

In accordance with Section 310 CMR 40.1403(3)(f) of the MCP, the City of Holyoke’s Chief Municipal Officer and Board of
Health have been provided letters informing them of the availability of this PSS and describing how they may obtain
copies of this report. Copies of the letters are included in Appendix F.

3.190 OWNER NOTIFICATION

This PSS is being prepared on behalf of the Site owner. Therefore, separate notification is not required.

4.00 CONCLUSIONS

This Permanent Solution Statement has been prepared for the 123 Pine Street Site in Holyoke, Massachusetts designated
as RTN 1-20114 by the MassDEP.

Pre-RAM soil data were collected at the Site between July 2016 and August 2016. RAM activities took place on April 25,
2017 and included the removal and off-Site recycling of two full, and one half-full 55-gallon drums (approximately 1.1 tons
of soil) impacted by No.2 Fuel Oil from historical ASTs. The ASTs were removed prior to the performance of the RAM.
The MCP Disposal Site boundaries are shown on Figure 2.

GZA performed A Method 1 Risk Characterization (M1RC) that utilized all the GZA Site soil data, except for soil samples
which were removed during excavation, or which were outside the boundary of the estimated initial limits of soil impacts.
The M1RC is appended to this PSS as Appendix C. Results of the M1RC indicate that the calculated EPCs do not exceed
applicable MCP Method 1 Standards. Therefore, the results of the risk characterization indicate a condition of No
Significant Risk (NSR) of harm to health, public welfare, and the environment exists at the Site. Current and reasonably
foreseeable conditions at the Site and in the surrounding environment were evaluated, and no release-related conditions
were identified which may pose a threat of physical harm or bodily injury to people; therefore, based on this comparison,
a level of NSR to safety also exists at this Site.

This PSS filing supports the completion of response actions associated with RTN 1-20114.
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TABLE 1

123 Pine Street, Holyoke, MA

Sub-slab Soil Sample Analytical Results Summary

Pre and Post-RAM Data

Lab Sample ID: 1607072-01 1607072-02 ESS 16008558-01 ESS 16008558-02 ESS 16008558-03 ESS 16008558-04 ESS 1704760-01 ESS 1704760-02

Sample Name: BSMT-2 BSMT-3 123 Pine - S-4 123 Pine - S-5 123 Pine - S-6 123 Pine - S-7 East Exc. Bottom Exc. Composite

Sample Depth: 3 - 9" 3 - 9" 3 - 9" 3 - 9" 12 - 18" 3 - 9" 4.25' 1-2'

Sample Date: 7/5/2016 7/5/2016 8/18/2016 8/18/2016 8/18/2016 8/18/2016 4/25/2017 4/25/2017

MADEP EPH RCS-1 S-1/GW-2 S-1GW-3 S-2/GW-2 S-2/GW-3 S-3/GW-2 S-3/GW-3

Aliphatics, C9-C18 1,000 1,000 1,000 3,000 3,000 5,000 5,000 19,990 27.3 15.5U 16.3U 384 15.9U 220 19.5

Aliphatics, C19-C36 3,000 3,000 3,000 5,000 5,000 5,000 5,000 4,500 16.7U 15.5U 16.4 88.9 15.9U 58.4 17.5U

Aromatics, C11-C22 1,000 1,000 1,000 3,000 3,000 5,000 5,000 1,890 16.7U 15.5U 16.3U 83.4 15.9U 75.1 17.5U

Acenaphthene 4 1,000 1,000 3,000 3,000 5,000 5,000 2.97 0.22U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Acenaphthylene 1 600 10 600 10 600 10 1.14U 0.22U 0.21U 0.22U 0.23U 0.21U 0.26U 0.23U

Anthracene 1,000 1,000 1,000 3,000 3,000 5,000 5,000 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Benzo(a)anthracene 7 7 7 40 40 300 300 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Benzo(a)pyrene 2 2 2 7 7 30 30 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Benzo(b)fluoranthene 7 7 7 40 40 300 300 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Benzo(ghi)perylene 1,000 1,000 1,000 3,000 3,000 5,000 5,000 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Benzo(k)fluoranthene 70 70 70 400 400 3,000 3,000 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Chrysene 70 70 70 400 400 3,000 3,000 2.27U 0.44U 0.21U 0.43U 0.45U 0.42U 0.51U 0.47U

Dibenzo(ah)anthracene 0.7 0.7 0.7 4 4 30 30 1.14U 0.22U 0.21U 0.22U 0.23U 0.21U 0.26U 0.23U

Fluoranthene 1,000 1,000 1,000 3,000 3,000 5,000 5,000 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Fluorene 1,000 1,000 1,000 3,000 3,000 5,000 5,000 5.51 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Indeno(1,2,3-cd)pyrene 7 7 7 40 40 300 300 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Methylnaphthalene, 2- 0.7 80 300 80 500 80 500 43.8 0.22U 0.21U 0.22U 0.95 0.21U 0.73 0.23U

Naphthalene 4 20 500 20 1,000 20 3,000 12.1 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Phenanthrene 10 500 500 1,000 1,000 3,000 3,000 7.67 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

Pyrene 1,000 1,000 1,000 3,000 3,000 5,000 5,000 2.27U 0.44U 0.41U 0.43U 0.45U 0.42U 0.51U 0.47U

5) Bold, highlighted, italicized text indicates that the constituent exceeded one or more of the applicable

standards.

4) Blue text indicates the constituent was detected above the laboratory MRL, but below applicable standards.

3) U = Constituent was not detected at or above the indicated laboratory method reporting limit (MRL).

1) All results are mg/kg.

Notes:

2) The Reportable Concentration (RCS-1) Standards apply to the 7/5/2016 samples while the S-1, S-2, and S-3

Standards apply to the 8/18/2016 samples.

GZA Project #14.0079393.00 Page 1 5/24/2017
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USE OF REPORT

1. GZA GeoEnvironmental, Inc. (GZA) prepared this report on behalf of, and for the exclusive use of our Client for the stated
purpose(s) and location(s) identified in the Proposal for Services and/or Report. Use of this report, in whole or in part, at
other locations, or for other purposes, may lead to inappropriate conclusions; and we do not accept any responsibility for
the consequences of such use(s). Further, reliance by any party not expressly identified in the agreement, for any use,
without our prior written permission, shall be at that party’s sole risk, and without any liability to GZA.

STANDARD OF CARE

2. GZA’s findings and conclusions are based on the work conducted as part of the Scope of Services set forth in the Proposal
for Services and/or Report and reflect our professional judgment. These findings and conclusions must be considered not
as scientific or engineering certainties, but rather as our professional opinions concerning the limited data gathered during
the course of our work. Conditions other than described in this report may be found at the subject location(s).

3. GZA’s services were performed using the degree of skill and care ordinarily exercised by qualified professionals performing
the same type of services, at the same time, under similar conditions, at the same or a similar property. No warranty,
expressed or implied, is made. Specifically, GZA does not and cannot represent that the Site contains no hazardous
material, oil, or other latent condition beyond that observed by GZA during its study. Additionally, GZA makes no warranty
that any response action or recommended action will achieve all of its objectives or that the findings of this study will be
upheld by a local, state or federal agency.

4. In conducting our work, GZA relied upon certain information made available by public agencies, Client and/or others. GZA
did not attempt to independently verify the accuracy or completeness of that information. Inconsistencies in this
information which we have noted, if any, are discussed in the Report.

SUBSURFACE CONDITIONS

5. The generalized soil profile(s) provided in our Report are based on widely-spaced subsurface explorations and are
intended only to convey trends in subsurface conditions. The boundaries between strata are approximate and idealized,
and were based on our assessment of subsurface conditions. The composition of strata, and the transitions between
strata, may be more variable and more complex than indicated. For more specific information on soil conditions at a
specific location refer to the exploration logs. The nature and extent of variations between these explorations may not
become evident until further exploration or construction. If variations or other latent conditions then become evident, it
will be necessary to reevaluate the conclusions and recommendations of this report.

6. Water level readings have been made, as described in this Report, in and monitoring wells at the specified times and under
the stated conditions. These data have been reviewed and interpretations have been made in this report. Fluctuations
in the level of the groundwater however occur due to temporal or spatial variations in areal recharge rates, soil
heterogeneities, the presence of subsurface utilities, and/or natural or artificially induced perturbations. The observed
water table may be other than indicated in the Report.

COMPLIANCE WITH CODES AND REGULATIONS

7. We used reasonable care in identifying and interpreting applicable codes and regulations necessary to execute our scope
of work. These codes and regulations are subject to various, and possibly contradictory, interpretations. Interpretations
and compliance with codes and regulations by other parties is beyond our control.
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8. GZA collected environmental samples at the locations identified in the Report. These samples were analyzed for the
specific parameters identified in the report. Additional constituents, for which analyses were not conducted, may be
present in soil, groundwater, surface water, sediment and/or air. Future Site activities and uses may result in a
requirement for additional testing.

9. Our interpretation of field screening and laboratory data is presented in the Report. Unless otherwise noted, we relied
upon the laboratory’s QA/QC program to validate these data.

10. Variations in the types and concentrations of contaminants observed at a given location or time may occur due to release
mechanisms, disposal practices, changes in flow paths, and/or the influence of various physical, chemical, biological or
radiological processes. Subsequently observed concentrations may be other than indicated in the Report.

INTERPRETATION OF DATA

11. Our opinions are based on available information as described in the Report, and on our professional judgment.
Additional observations made over time, and/or space, may not support the opinions provided in the Report.

ADDITIONAL INFORMATION

12. In the event that the Client or others authorized to use this report obtain additional information on environmental or
hazardous waste issues at the Site not contained in this report, such information shall be brought to GZA's attention
forthwith. GZA will evaluate such information and, on the basis of this evaluation, may modify the conclusions stated in
this report.

ADDITIONAL SERVICES

13. GZA recommends that we be retained to provide services during any future investigations, design, implementation
activities, construction, and/or property development/ redevelopment at the Site. This will allow us the opportunity
to: i) observe conditions and compliance with our design concepts and opinions; ii) allow for changes in the event that
conditions are other than anticipated; iii) provide modifications to our design; and iv) assess the consequences of
changes in technologies and/or regulations.

CONCEPTUAL SITE MODEL

14. Our opinions were developed, in part, based upon a comparison of site data to conditions anticipated within our
Conceptual Site Model (CSM). The CSM is based on available information, and professional judgment. There are rarely
sufficient data to develop a unique CSM. Therefore observations over time, and/or space, may vary from those depicted
in the CSM provided in this report. In addition, the CSM should be evaluated and refined (as appropriate) whenever
significant new information and/or data is obtained.

RISK CHARACTERIZATION

15. Our risk evaluation was performed in accordance with generally accepted practices of appropriate Federal and/or state
regulatory agencies, and of other consultants undertaking similar studies at the same time, for similar purposes, and
under similar circumstances. The findings of the risk evaluation are dependent on the numerous assumptions and
uncertainties inherent in the risk characterization process. Sources of the uncertainty may include Site conditions; Site
use; the nature, extent, concentration and distribution of contaminants; and the available toxicity and/or health/risk
based regulatory information. Consequently, the findings of the risk characterization are not an absolute
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indicated in the Report. Actual risks may be other than indicated in the Report.
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APPEN DIX C

M ETH OD 1 RISK CHARACTERIZATION

1 .0 0 IN TRODU CTION AN D SU M M ARY

GZA has com p leted a M as s achu s etts Contingency Plan (M CP) M ethod 1 Ris k
Characterization (M 1 RC) for the dis p os al s ite (hereafter referred to as the “Site”)
located at 1 2 3 Pine Street in Holy oke, M as s achu s etts . The Site is lis ted w ith the
M as s achu s etts Dep artm ent of Env ironm ental Protection (M as s DEP) u nder Releas e
Tracking N u m b er (RTN ) 1 -2 0 1 1 4 . This M 1 RC w as p rep ared in conju nction w ith the
Perm anent Solu tion Statem ent (PSS) that GZA is s u b m itting for the Site. This ris k
characterization w as condu cted to es tab lis h w hether a condition ofN o Significant Ris k
(N SR), as defined b y the M CP, ex is ts at the Site for cu rrent and reas onab ly fores eeab le
fu tu re land u s es and activ ities . The M CPreq u ires that res idu allev els ofcontam inants in
im p acted m edia not p os e a s ignificant ris k to hu m an health, s afety , p u b lic w elfare, or
the env ironm ent cons idering b oth cu rrent and fu tu re u s es of the Site. The ris k
characterization w as com p leted in accordance w ith Su b p art Iof the M CP (31 0 CM R
4 0 .0 0 0 0 )and the M as s DEP(1 9 9 5)g u idance. This ris k characterization is s u b ject to the
lim itations inclu ded in Ap p endix A ofthe PSS.

The res u lts of the M 1 RC indicate that s oilconcentrations at the Site do not ex ceed
p rom u lgated M ethod 1 Standards . Bas ed on this com p aris on and the ev alu ation ofris k of
harm to s afety ,a condition ofN o Significant Ris k ofharm to health,s afety ,p u b lic w elfare,
and the env ironm ent has b een achiev ed at the Site.

1 .1 0 CO N CEPTU ALSITE M O DEL

The concep tu als ite m odelp rov ides a q u alitative fram ew ork for p res enting the s ou rce of
releas e, m odelas s u m p tions , ex p os u re p athw ay s , recep tors , and data that are u s ed to
characterize ris ks at a s ite.

1 .1 1 Site Des crip tion,Site His tory ,and Sou rce ofReleas e

A des crip tion ofthe Site conditions ,the releas e his tory ,and the s ou rce ofreleas e is
des crib ed in the m ain tex t ofthe PSS.

1 .1 2 PotentialHu m an and Env ironm entalRecep tors and Ex p os u re Points

The Site is cu rrently im p roved w ith a 1 5,1 0 0 -s q u are foot v acant res idential
ap artm ent b u ilding. The u s e ofthe Site is ex p ected to rem ain res identialb as ed on the
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cu rrent u s e of the Site and dis cu s s ions w ith the cu rrent p rop erty ow ner (the City of
Holy oke). GZA identified recep tors b as ed on the cu rrent and p otentialfu tu re u s es ofthe
Site. Potential recep tors u nder the cu rrent u s e s cenario inclu de em ergency /u tility
w orkers , Site v is itors , and tres p as s ers . Potentialrecep tors u nder the fu tu re u s e s cenario
inclu de cons tru ction w orkers , res idents , and lands cap ers in addition to the ab ove-
referenced recep tors forthe cu rrent u s e s cenario.

GZA rev iew ed the M as s achu s etts Geograp hicalInform ation Sy s tem (M as s GIS)
Priority Res ou rces m ap for the Site and s u rrou nding p rop erties . According to the M as s GIS
Priority Res ou rce m ap , the Site is not located w ithin a p rotected grou ndw ater res ou rce
area (p otentially p rodu ctiv e aq u ifer,s ole s ou rce aq u ifer,interim w ellhead p rotection area,
Zone II, etc.) (Figu re C-1 );there are no know n p u b lic s u rface or grou ndw ater drinking
w ater s u p p lies w ithin ½ m ile ofthe Site.

The Connecticu t Riv er is ap p rox im ately 2 ,0 0 0 feet northeas t ofthe Site. There are
no w etland areas ,N atu ralHeritage and Endangered Sp ecies Program (N HESP)Es tim ated
Hab itats ofRare W ildlife, Areas ofCriticalEnv ironm entalConcern (ACEC), or hab itats of
Sp ecies ofSp ecialConcern, or Threatened or Endangered Sp ecies w ithin 50 0 feet ofthe
Site (Fig u re C-1 ).

The env ironm entalm edia that recep tors m ay contact inclu de indoor air,s oiland
s oil-deriv ed du s t.

2 .0 0 AN ALYTICALDATA

2 .1 0 SO ILAN ALYTICALDATA

Soilanaly ticaldata u s ed in this ris k characterization are p res ented in Tab le C-1 . Alls oil
data rep res entative of the cu rrent Site conditions w ere inclu ded in this ris k
characterization. The analy ticalres u lts for s oils am p les “BSM T-2 ” and “1 2 3 Pine – S-6 ”,
w hich w ere collected on Ju ly 5,2 0 1 6 and Au g u s t 1 8 ,2 0 1 6 ,res p ectively ,are not inclu ded in
Tab le C-1 . Soilas s ociated w ith thes e s am p les has s ince b een ex cav ated and dis p os ed off-
Site. The tw o s oils am p les referenced ab ov e are not rep res entativ e ofthe cu rrent Site
conditions and therefore are not u s ed for this ris k characterization. N o data w ere rejected
b as ed on the Rep res entativ e Ev alu ation and Data U s ab ility As s es s m ents (REDUA;
Ap p endix G ofthe PSS)and therefore alls oilanaly ticalres u lts inclu ded in Tab le C-1 are
inclu ded in this M 1 RC.

Ex tractab le p etroleu m hy drocarb on (EPH)fractions and target analy tes w ere detected in
fou r s oil s am p les collected from the Site. All detected analy tes w ere identified as
cons titu ents ofconcern (CO Cs )and cons eq u ently ev alu ated in this ris k characterization.
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2 .2 0 GRO UN DW ATERAN ALYTICALDATA

Grou ndw ater w as not encou ntered du ring the Releas e Ab atem ent M eas u re (RAM )
activ ities , w hich w ere p erform ed at the Site in Ap ril2 0 1 7. The res idu alcontam ination in
Site s oilis likely related to an ab ov e grou nd s torage tank (AST)releas e. Grou ndw ater is
not identified as a m ediu m ofconcern and no grou ndw ater s am p les hav e b een collected
from the Site.

3.0 0 SOILAN D GROU N DW ATERCATEGORIZATION

The M CPp rov ides s tandards b as ed on the likely ex p os u res to contam ination at or from a
s ite. Soiland grou ndw ater categories for the Site w ere identified and are des crib ed
b elow .

3.1 0 SO ILCLASSIFICATIO N

The M CP identifies three s oilcategories (S-1 , S-2 , and S-3)to des crib e the p otentialfor
contact w ith s oilat a s ite. Category S-1 s oils rep res ent the highes t p otentialfor ex p os u re
(s u ch as u nres tricted res identialex p os u re to s oil)w hile Category S-3 s oils rep res ent the
low es t p otentialfor ex p os u re. The p otentialfor ex p os u re to cons titu ents ofconcern in s oil
is determ ined throu gh a q u alitative analy s is , w hich cons iders b oth the acces s ib ility ofs oil
(i.e., acces s ib le, p otentially acces s ib le, or is olated) and the freq u ency and intens ity of
p otentialex p os u re (low or high).

As defined in the M CP(31 0 CM R4 0 .0 9 33(4 )(c)),s oils located from 0 to 3 feet b elow grou nd
s u rface (b gs )in u np aved areas are cons idered acces s ib le, s oils located from 3 to 1 5 feet
b gs in u np av ed areas and from 0 to 1 5 feet b gs in p av ed areas are cons idered p otentially
acces s ib le,and s oils located greater than 1 5 feet b gs or b eneath a b u ilding or p erm anent
s tru ctu re are cons idered is olated. Bas ed on their location u nder the footp rint of a
b u ilding,s oils in the releas e area are clas s ified as is olated s u b s u rface s oils . Any p otentially
im p acted s oils that m ay b e p res ent ou ts ide the footp rint of the b u ilding w ou ld b e
clas s ified as p otentially acces s ib le s oil, du e to their dep th b elow grade ofap p rox im ately
s ev en feet b gs . There are no acces s ib le (s u rficial)s oils as s ociated w ith this releas e.

The Site is cu rrently v acant;adu lts are ex p ected to b e p res ent at the Site at high freq u ency
and high intens ity (e.g., cons tru ction w orkers ) or low freq u ency and low intens ity (e.g.,
tres p as s ers ). Children are ex p ected to b e p res ent at the Site at low freq u ency and low
intens ity (e.g., tres p as s ers ). Bas ed on the characterization ofs oiland the SoilCategory
Selection M atrix contained in the M CP(31 0 CM R4 0 .0 9 33(9 )),p otentially acces s ib le s oilat
the Site is clas s ified as S-2 /S-3, and is olated s u b s u rface s oilis clas s ified as S-3 u nder the
cu rrent u s e s cenario. If the Site is to b e redev elop ed for res identialu s e in the fu tu re,
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p otentially acces s ib le s oils w illb e clas s ified as S-1 and S-2 , w hile is olated s u b s u rface s oils
w illb e clas s ified as S-3.

3.2 0 GRO UN DW ATERCLASSIFICATIO N

Grou ndw ater w as not encou ntered du ring res p ons e actions at the Site. Therefore,
grou ndw ater w as not cons idered as p art ofthe M 1 RC. How ev er,GZA is p rov iding the Site
grou ndw ater clas s ification b elow for reference, and for determ ining the ap p rop riate
M ethod 1 SoilStandards to ap p ly to the s oils data.

Grou ndw ater at the Site is not located in a cu rrent or p otentialdrinking w ater s ou rce area
and does not m eet the M CPcriteria (31 0 CM R 4 0 .0 9 32 (4 ))for grou ndw ater clas s ification
as Category GW -1 . GZA confirm ed that the Site is :

 not w ithin a Zone II1 orInterim W ellhead Protection Area (IW PA)2 ;

 not w ithin the Zone A3 ofa Clas s A Su rface W ater Body ;

 not ab ove a m ediu m -y ield or high-y ield p otentially p rodu ctiv e aq u ifer w hich
m ay b e u s ed forp otab le w ater s u p p ly ;and

 w ithin 50 0 feet ofa p u b lic w ater s u p p ly dis trib u tion p ip eline.

There are no p rivate drinking w ater w ells w ithin 50 0 feet ofthe Site, and the Site is not
located w ithin 4 0 0 feet of a Clas s A Su rface W ater Body ;therefore, contact w ith
cons titu ents in grou ndw ater throu gh drinking w ater s u p p lies is not a p otentialex p os u re
p athw ay at the Site.

According to the M CP (31 0 CM R 4 0 .0 9 32 (6 )), grou ndw ater s hallb e defined to b e in
category GW -2 ifit is located w ithin 30 feet ofan ex is ting or p lanned b u ilding or s tru ctu re
that is or w illb e occu p ied,and the av erage annu aldep th to grou nd w ater in that area is 1 5
feet or les s 4. There are occu p ied b u ilding s tru ctu res w ithin 30 feet ofthe Site. Therefore,
grou ndw ater located w ithin the Site b ou ndaries is clas s ified as GW -2 .

1 Zone IIm eans the area ofan aq u ifer that contrib u tes w ater to a w ellu nder the m os t s ev ere p u m p ing and
recharge conditions that can b e realis tically anticip ated,as ap p rov ed b y M as s DEP’s Div is ion ofW ater Su p p ly ,
p u rs u ant to 31 0 CM R2 2 .0 0 .

2 IW PA m eans :(1 ) w ith res p ect to p u b lic w ater s u p p ly w ells and w ellfields w hos e p u m p ing rate is
1 0 0 ,0 0 0 gallons p er day or greater and for w hich M as s DEPhas not ap p rov ed a hy drologically delineated
Zone II, the 1 /2 -m ile radiu s s u rrou nding s u ch a w ellor w ellfield;and (2 ) w ith res p ect to p u b lic w ater
s u p p ly w ells and w ellfields w hos e p u m p ing rate is les s than 1 0 0 ,0 0 0 gallons p er day and for w hich
M as s DEP has not ap p rov ed a hy drologically delineated Zone II, the radiu s calcu lated b y m u ltip ly ing the
m ax im u m p u m p ing rate in gallons p er m inu te for s u ch a w ellor w ellfield b y 32 and adding 4 0 0 feet
thereto.

3 Zone A m eans the area w ithin 4 0 0 feet laterally from the b ank ofa Clas s A s u rface drinking w ater s ou rce (as
identified in 31 4 CM R4 .0 0 )or w ithin 2 0 0 feet ofits trib u taries .
4 Dep th to grou ndw ater at the Site is not know n. How ev er,the av erage annu aldep th is es tim ated to b e
les s than 1 5 feet b as ed on other inv es tigations w hich hav e occu rred in the v icinity ,w hich GZA rev iew ed.



C-5

According to the M CP(31 0 CM R4 0 .0 9 32 (2 )),grou ndw ater at alls ites is cons idered to b e a
p otentials ou rce ofdis charge to s u rface w aterand therefore is clas s ified as GW -3.

4 .0 0 IDEN TIFICATION OFAPPLICABLE STAN DARDS

The s oiland grou ndw ater categories identified ab ov e w ere u s ed to identify the M ethod 1
Standards that are ap p licab le to the Site. Soilat the Site cu rrently is clas s ified as S-2 and
S-3. Grou ndw ater is clas s ified as GW -2 and GW -3;therefore, M ethod 1 S-2 /GW -2 , S-
2 /GW -3,S-3/GW -2 and S-3/GW -3 s oils tandards w ere s elected as the ap p licab le s tandards
for s oilat the Site u nder the cu rrent u s e s cenario. How ever, the Site m ay p otentially b e
redevelop ed for res identialu s es in the fu tu re. The S-1 /GW -2 and S-1 /GW -3 s oils tandards
w illb e p rotectiv e in the cas e ofp otentialfu tu re redevelop m ent ofthe Site for res idential
u s e,along w ith the ex is ting ap p licab le s tandards for the Site.

5.0 0 CH ARACTERIZATION OFRISK OFHARM

5.1 0 HEALTH,PU BLICW ELFARE,AN D EN VIRO N M EN T

In accordance w ith 31 0 CM R 4 0 .0 9 71 , a M ethod 1 Ris k Characterization ap p roach w as
s elected b ecau s e the Site conditions m et the follow ing criteria:(1 ) M CP M ethod 1
Standards hav e b een p rom u lgated for allSite CO Cs ;(2 )contam ination is lim ited to s oilor
grou ndw ater5;(3)no Env ironm entalRecep tors have b een identified for the Site and there
are no chem icals detected in s am p les collected from w ithin tw o feet ofthe grou nd s u rface
that are know n to b ioaccu m u late.

It s hou ld b e noted that EPH fractions w ere detected in s oilb eneath the on-Site b u ilding.
Tw o EPH fractions (C1 1 -C2 2 arom atic hy drocarb ons and C9 -C1 8 alip hatic hy drocarb ons )are
cons idered v olatile;therefore, there is p otential im p act to indoor air of the on-Site
b u ilding. The p otentialv ap or intru s ion p athw ay w as not deem ed a com p lete ex p os u re
p athw ay u nder the cu rrent u s e condition as the b u ilding is cu rrently u noccu p ied. In
accordance w ith 31 0 CM R 4 0 .0 9 4 2 (1 )(d), “If one or more Volatile Organic Compounds is
present in vadose zone soil adjacent to an occupied structure (within six feet, measured
horizontally from the wall of the structure, and within ten feet, measured vertically from the
basement floor or foundation slab) then the soil has the potential to result in significant
indoor air concentrations of OHM… The MCP Method 1 Standards may be used in
combination with a demonstration that the soil concentrations of Oil and Hazardous Material

u s ing M as s DEP’s online Waste Site / Reportable Releases Look Up.
5 There is no ev idence that grou ndw ater at the Site has b een im p acted b y the Site releas e.
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are not likely to be a significant contributor to the Cumulative Receptor Risk at the site by the
indoor air exposure pathway.” GZA p erform ed a s creening-lev elris k evalu ation to es tim ate
ris ks to fu tu re b u ilding occu p ants via the p otentialv ap or intru s ion p athw ay .

GZA es tim ated the s oilgas concentrations in the s ou rce area u s ing the Johns on and
Ettingerm odeland the eq u ation p res ented b elow .

)*()**(/(1*** vdococmdsoilgassoil nHgfKnCgHEPCEPC  )

W here:
EPCs oilgas = es tim ated s oilgas ex p os u re p oint concentration (EPC)(µg/m 3)
EPCs oil = s oilconcentration (m g/kg), the m ax im u m concentrations detected

in s oilw ere u s ed.
H = cons titu ent’s Henry ’s Law cons tant (dim ens ionles s )
gd = s oilb u lk dens ity (g/cm 3)
nm = s oilw aterfilled p oros ity (cm 3/cm 3)
C1 = u nits conv ers ion factor (µg/m g),1 0 0 0
Koc = organiccarb on p artitioning coefficient (cm 3/g)
foc = s oilorganiccarb on fraction (u nitles s ),as s u m ed 0 .2 %
nv = s oilv ap orfilled p oros ity (cm 3/cm 3)

The chem ical-s p ecific p aram eters from the M as s DEP (2 0 1 4 )Development of MCP Risk
Based Levels for Soil and Groundwater w ere adop ted for this s creening-lev el ris k
ev alu ation, w hile the s oilcharacteris tics p aram eters for s and inclu ded in the U SEPA
Johns on and Ettinger M odelw ere adop ted for this ris k ev alu ation.

The indoor air concentrations w ere then m odeled b as ed on the attenu ation factors
calcu lated u s ing the Johns on and Ettinger M odel. The detailed dis cu s s ion and
calcu lations are inclu ded in Ap p endix H. The follow ing as s u m p tions w ere u s ed in the
calcu lation of attenu ation factors for the b as em ent of the on-Site b u ilding:(1 ) the
b u ildings w ere as s u m ed to b e cons tru cted w ith an 8 -foot b as em ent, (2 ) the dis tance
b etw een the s oil s ou rce and the b ottom of the b as em ent w as as s u m ed to b e on
av erage 4 feet6, (3)the air ex change rate in the b as em ent w as as s u m ed to b e 0 .4 5 air
ex change p er hou r, w hich is M as s DEP’s defau lt as s u m p tion,(4 )the area ofthe b u ilding
w as as s u m ed to b e 6 0 feet b y 50 feet ,and 5)the s oilb eneath the b u ilding w as as s u m ed
to b e s and and a defau lt 0 .1 % crack area w as as s u m ed.

GZA then u s ed the M ethod 3 Ris k As s es s m ent for Res ident Ex p os ed to Chem icals in
Indoor Air – Shortform 2 0 1 2 (2 0 1 5 Rev is ion, the “Shortform ”) to es tim ate ris ks to
p otentialfu tu re res idents , and the ris k res u lts are inclu ded in Ap p endix I. As s how n in
Ap p endix Ithe non-cancer hazard index w as les s than 1 /1 0 ofthe M CPris k lim it (0 .0 1 5 v s .

6 The m ax im u m s oilconcentrations , w hich w ere u s ed as the s oilEPCs for the ris k ev alu ation, w ere
detected at 4 .2 5 feet b elow the b ottom ofthe b as em ent.
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1 ), indicating the ris ks as s ociated the p otentialvap or intru s ion p athw ay w ou ld b e m inor.
Therefore,M ethod 1 is an ap p rop riate ap p roach to as s es s ris ks at the Site.

Alldetected analy tes w ere identified as CO Cs for this ris k characterization. As s how n in
Tab le C-1 , the m ax im u m detected concentrations for all CO Cs w ere b elow the
ap p licab le M ethod 1 Standards . Therefore,b as ed on the com p aris ons ofthe s oilres u lts
to the identified M ethod 1 Standards , a condition of N o Significant Ris k of harm to
health, p u b lic w elfare, and the env ironm ent ex is ts for s oilat the Site for cu rrent and
fores eeab le fu tu re land u s es .

5.2 0 SAFETY

The p u rp os e of evalu ating the ris k of harm to s afety is to identify releas e-related
conditions at the Site that cou ld p os e a threat ofp hy s icalharm or b odily inju ry to p eop le.
Ex am p les ofconditions that cons titu te a ris k ofharm to s afety are:the p res ence ofru s ted
or corroded dru m s or containers ;w eakened b erm s ;u ns ecu red p its , p onds , lagoons , or
other dangerou s s tru ctu res ;any threat of fire or ex p los ion, inclu ding the p res ence of
ex p los ive v ap ors res u lting from a releas e of oils and or hazardou s m aterials (O HM );
reactiv e chem icals s tored or dis p os ed of in a w ay that does not reas onab ly p reclu de
u ncontrolled reactions ;any u ncontained m aterials w hich ex hib it the characteris tics of
corros iv ity , reactiv ity , or flam m ab ility des crib ed in 31 0 CM R4 0 .0 34 7;or the p res ence of
ionizing ornon-ionizing radiation.

N o s u ch s afety hazards des crib ed ab ove w ere identified at the Site, nor are they
anticip ated to occu r in the fu tu re. Therefore,a condition ofN o Significant Ris k ofharm to
s afety ex is ts at the Site.

6 .0 0 SU M M ARY AN D CON CLU SION S

The s oilconcentrations w ere b elow the identified M ethod 1 Standards . Therefore, a
condition ofN o Significant Ris k ofharm to health, p u b lic w elfare, and the environm ent
ex is ts for s oilat the Site for cu rrent and fores eeab le fu tu re land u s es .

N o s afety hazards des crib ed in 31 0 CM R4 0 .0 34 7 w ere identified at the Site, nor are they
anticip ated to occu r in the fu tu re. Therefore,a condition ofN o Significant Ris k ofharm to
s afety ex is ts at the Site.

In s u m m ary , a condition ofN o Significant Ris ks to hu m an health, s afety , p u b lic w elfare,
and the env ironm ent ex is ts at the Site forcu rrent and fores eeab le fu tu re land u s es .
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ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CERTIFICATE OF ANALYSIS

Adam Cote

GZA GeoEnvironmental, Inc.

1350 Main Street, Suite 1400

Springfield, MA 01103

RE:  123 Pine Street (15.0166521)

ESS Laboratory Work Order Number:   1607072

This signed Certificate of Analysis is our approved release of your analytical results. These results are 

only representative of sample aliquots received at the laboratory. ESS Laboratory expects its clients to 

follow all regulatory sampling guidelines. Beginning with this page, the entire report has been paginated. 

This report should not be copied except in full without the approval of the laboratory. Samples will be 

disposed of thirty days after the final report has been delivered. If you have any questions or concerns, 

please feel free to call our Customer Service Department. 

Laurel Stoddard

Laboratory Director

Analytical Summary

The project as described above has been analyzed in accordance with the ESS Quality Assurance Plan. 

This plan utilizes the following methodologies: US EPA SW-846, US EPA Methods for Chemical 

Analysis of Water and Wastes per 40 CFR Part 136, APHA Standard Methods for the Examination of 

Water and Wastewater, American Society for Testing and Materials (ASTM), and other recognized 

methodologies. The analyses with these noted observations are in conformance to the Quality Assurance 

Plan. In chromatographic analysis, manual integration is frequently used instead of automated 

integration because it produces more accurate results.

The test results present in this report are in compliance with NELAC Standards, A2LA and/or client 

Quality Assurance Project Plans (QAPP). The laboratory has reviewed the following: Sample 

Preservations, Hold Times, Initial Calibrations, Continuing Calibrations, Method Blanks, Blank Spikes, 

Blank Spike Duplicates, Duplicates, Matrix Spikes, Matrix Spike Duplicates, Surrogates and Internal 

Standards. Any results which were found to be outside of the recommended ranges stated in our SOPs 

will be noted in the Project Narrative.

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦ Quality ♦ Service

SMorrell
Reviewed



Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

SAMPLE RECEIPT

The following samples were received on July 07, 2016 for the analyses specified on the enclosed Chain of Custody Record. 

To achieve CAM compliance for MCP data, ESS Laboratory has performed and reviewed all QA/QC Requirements and 

Performance Standards listed in each method.  Holding times and preservation have also been reviewed.  All CAM 

requirements have been achieved unless noted in the project narrative.

Each method has been set-up in the laboratory to reach required MCP standards.  The methods for aqueous VOA and Soil 

Methanol VOA have known limitations for certain analytes.  The regulatory standards may not be achieved due to these 

limitations.  In addition, for all methods, matrix interferences, dilutions, and %Solids may elevate method reporting limits 

above regulatory standards.  ESS Laboratory can provide, upon request, a Data Checker (regulatory standard comparison 

spreadsheet) electronic deliverable which will highlight these exceedances.

Lab Number MatrixSample Name Analysis
BSMT-2 EPH8270, MADEP-EPHSoil1607072-01 

BSMT-3 EPH8270, MADEP-EPHSoil1607072-02 

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service



Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

PROJECT NARRATIVE

MADEP-EPH Extractable Petroleum Hydrocarbons
Surrogate recovery(ies) diluted below the MRL (SD).1607072-01

1-Chlorooctadecane (% @ 40-140%)

End of Project Narrative.

No other observations noted.

DATA USABILITY LINKS

Definitions of Quality Control Parameters

Semivolatile Organics Internal Standard Information

Volatile Organics Internal Standard Information

Volatile Organics Surrogate Information

Semivolatile Organics Surrogate Information

EPH and VPH Alkane Lists

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service

http://www.esslaboratory.com/pdf/du.pdf
http://www.esslaboratory.com/pdf/du.pdf
http://www.esslaboratory.com/pdf/svoa_i.pdf
http://www.esslaboratory.com/pdf/voa_i.pdf
http://www.esslaboratory.com/pdf/voa_s.pdf
http://www.esslaboratory.com/pdf/svoa_s.pdf
http://www.esslaboratory.com/pdf/eph_vph.pdf


Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CURRENT SW-846 METHODOLOGY VERSIONS

Prep Methods

3005A - Aqueous ICP Digestion

3020A - Aqueous Graphite Furnace / ICP MS Digestion

3050B - Solid ICP / Graphite Furnace / ICP MS Digestion

3060A - Solid Hexavalent Chromium Digestion

3510C - Separatory Funnel Extraction

3520C - Liquid / Liquid Extraction

3540C - Manual Soxhlet Extraction

3541 - Automated Soxhlet Extraction

3546 - Microwave Extraction

3580A - Waste Dilution

5030B - Aqueous Purge and Trap

5030C - Aqueous Purge and Trap

5035 - Solid Purge and Trap

Analytical Methods

1010A - Flashpoint

6010C - ICP

6020A - ICP MS

7010   - Graphite Furnace

7196A - Hexavalent Chromium

7470A - Aqueous Mercury

7471B - Solid Mercury

8011 - EDB/DBCP/TCP

8015D - GRO/DRO

8081B - Pesticides

8082A - PCB

8100M - TPH

8151A - Herbicides

8260B - VOA

8270D - SVOA

8270D SIM - SVOA Low Level

9014 - Cyanide

9038 - Sulfate

9040C - Aqueous pH

9045D - Solid pH (Corrosivity)

9050A - Specific Conductance

9056A - Anions (IC)

9060A - TOC

9095B - Paint Filter

MADEP 04-1.1 - EPH / VPH

SW846 Reactivity Methods 7.3.3.2 (Reactive Cyanide) and 7.3.4.1 (Reactive Sulfide) have been withdrawn by EPA. These 

methods are reported per client request and are not NELAP accredited.

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

MassDEP Analytical Protocol Certification Form

MADEP RTN:

This form provides certification for the following data set: 1607072-01 through 1607072-02

Matrices:   (  ) Ground Water/Surface Water (  ) Soil/Sediment (  ) Drinking Water   (  ) Air (  ) Other:_______________

CAM Protocol (check all that apply below):

(   ) 8260 VOC (   ) 7470/7471 Hg (   ) MassDEP VPH (   ) 8081 Pesticides (   ) 7196 Hex Cr (   ) MassDEP APH
CAM II A CAM III B CAM IV A CAM V B CAM VI B CAM IX A

(   ) 8270 SVOC (   ) 7010 Metals (   ) MassDEP EPH (   ) 8151 Herbicides (   ) 8330 Explosives (   ) TO-15 VOC
CAM II B CAM III C CAM IV B CAM V C CAM VIII A CAM IX B

(   ) 6010 Metals (   ) 6020 Metals (   ) 8082 PCB (   ) 6860 Perchlorate (   ) 9014 Total Cyanide/PAC
CAM III A CAM III D CAM V A CAM VIII B CAM VI A

Affirmative responses to questions A through F are required for "Presumptive Certainty" status

A Were all samples received in a condition consistent with those described on the Chain-of-Custody, properly Yes (   )  No (   )

preserved (including temperature) in the field or laboratory, and prepared/analyzed within method holding times?

B Were the analytical method(s) and all associated QC requirements specified in the selected CAM protocol(s) Yes (   )  No (   )

followed?

C Were all required corrective actions and analytical response actions specified in the selected CAM protocol(s) Yes (   )  No (   )

implemented for all identified performance standard non-conformances?

D Does the laboratory report comply with all the reporting requirements specified in the CAM VII A, "Quality Yes (   )  No (   )

Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical Data"?

E a. VPH, EPH, APH and TO-15 only: Was each method conducted without significant modification(s)? (Refer Yes (   )  No (   )

to the individual method(s) for a list of significant modifications).

b. APH and TO-15 Methods only: Was the complete analyte list reported for each method? Yes (   )  No (   )

F Were all applicable CAM protocol QC and performance standard non-conformances identified and evaluated Yes (   )  No (   )

in a laboratory narrative (including all "No" responses to Questions A through E)?

Responses to Questions G, H and I below are required for "Presumptive Certainty" status

G Were the reporting limits at or below all CAM reporting limits specified in the selected CAM protocols(s)? Yes (   )  No (   )*

Data User Note: Data that achieve "Presumptive Certainty" status may not necessarily meet the data usability and

representativeness requirements described in 310 CMR 40. 1056 (2)(k) and WSC-07-350.

H Were all QC performance standards specified in the CAM protocol(s) achieved? Yes (   )  No (   )*

I Were results reported for the complete analyte list specified in the selected CAM protocol(s)? Yes (   )  No (   )*

*All negative responses must be addressed in an attached laboratory narrative.

I, the undersigned, attest under the pains and penalties of perjury that, based upon my personal inquiry of those responsible

for obtaining the information, the material contained in this analytical report is, to the best of my knowledge and belief,

accurate and complete.

Signature: ________________________________ Date: July 18, 2016

Printed Name: Laurel Stoddard Position: Laboratory Director

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦ Quality ♦ Service
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  BSMT-2

Date Sampled:  07/05/16 12:40

ESS Laboratory Sample ID:  1607072-01

Sample Matrix:  Soil

Prepared:  7/7/16  18:10
Initial Volume:  24.4
Final Volume:  1

Percent Solids:   90

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  20 ZLC CG60715CZG012507/13/16   1:15 19900 (341) 

MADEP-EPHC19-C36 Aliphatics1  20 ZLC CG60715CZG012507/13/16   1:15 4500 (341) 

EPH8270C11-C22 Unadjusted Aromatics1  5 VSC CG60715CZG018107/14/16  17:02 1960 (85.2) 

EPH8270C11-C22 Aromatics1,2 VSC [CALC]07/14/16  17:36 1890 (85.2) 

EPH82702-Methylnaphthalene  25 VSC CG60715CZG018107/14/16  17:36 43.8 (5.68) 

EPH8270Acenaphthene  5 VSC CG60715CZG018107/14/16  17:02 2.97 (2.27) 

EPH8270Naphthalene  5 VSC CG60715CZG018107/14/16  17:02 12.1 (2.27) 

EPH8270Phenanthrene  5 VSC CG60715CZG018107/14/16  17:02 7.67 (2.27) 

EPH8270Acenaphthylene  5 VSC CG60715CZG018107/14/16  17:02 ND (1.14) 

EPH8270Anthracene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Benzo(a)anthracene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Benzo(a)pyrene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Benzo(b)fluoranthene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Benzo(g,h,i)perylene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Benzo(k)fluoranthene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Chrysene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Dibenzo(a,h)Anthracene  5 VSC CG60715CZG018107/14/16  17:02 ND (1.14) 

EPH8270Fluoranthene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Fluorene  5 VSC CG60715CZG018107/14/16  17:02 5.51 (2.27) 

EPH8270Indeno(1,2,3-cd)Pyrene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

EPH8270Pyrene  5 VSC CG60715CZG018107/14/16  17:02 ND (2.27) 

%Recovery Qualifier Limits

40-140 %Surrogate: 1-Chlorooctadecane SD

40-14048 %Surrogate: 2-Bromonaphthalene

40-14062 %Surrogate: 2-Fluorobiphenyl

40-14064 %Surrogate: O-Terphenyl
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  BSMT-3

Date Sampled:  07/05/16 12:50

ESS Laboratory Sample ID:  1607072-02

Sample Matrix:  Soil

Prepared:  7/7/16  18:10
Initial Volume:  24.5
Final Volume:  1

Percent Solids:   92

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  1 ZLC CG60715CZG012507/13/16   2:03 27.3 (16.7) 

MADEP-EPHC19-C36 Aliphatics1  1 ZLC CG60715CZG012507/13/16   2:03 ND (16.7) 

EPH8270C11-C22 Unadjusted Aromatics1  1 VSC CG60715CZG018107/14/16  15:54 ND (16.7) 

EPH8270C11-C22 Aromatics1,2 VSC [CALC]07/14/16  15:54 ND (16.7) 

EPH82702-Methylnaphthalene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.22) 

EPH8270Acenaphthene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Naphthalene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Phenanthrene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Acenaphthylene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.22) 

EPH8270Anthracene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Benzo(a)anthracene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Benzo(a)pyrene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Benzo(b)fluoranthene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Benzo(g,h,i)perylene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Benzo(k)fluoranthene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Chrysene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Dibenzo(a,h)Anthracene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.22) 

EPH8270Fluoranthene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Fluorene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Indeno(1,2,3-cd)Pyrene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

EPH8270Pyrene  1 VSC CG60715CZG018107/14/16  15:54 ND (0.44) 

%Recovery Qualifier Limits

40-14080 %Surrogate: 1-Chlorooctadecane

40-14078 %Surrogate: 2-Bromonaphthalene

40-14073 %Surrogate: 2-Fluorobiphenyl

40-14075 %Surrogate: O-Terphenyl
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CG60715 - 3546

Blank

15.0 mg/kg wetC19-C36 Aliphatics1 ND

15.0 mg/kg wetC9-C18 Aliphatics1 ND

0.5 mg/kg wetDecane (C10) ND

0.5 mg/kg wetDocosane (C22) ND

0.5 mg/kg wetDodecane (C12) ND

0.5 mg/kg wetEicosane (C20) ND

0.5 mg/kg wetHexacosane (C26) ND

0.5 mg/kg wetHexadecane (C16) ND

0.5 mg/kg wetHexatriacontane (C36) ND

0.5 mg/kg wetNonadecane (C19) ND

0.5 mg/kg wetNonane (C9) ND

0.5 mg/kg wetOctacosane (C28) ND

0.5 mg/kg wetOctadecane (C18) ND

0.5 mg/kg wetTetracosane (C24) ND

0.5 mg/kg wetTetradecane (C14) ND

0.5 mg/kg wetTriacontane (C30) ND

2.000 40-140851.70 mg/kg wetSurrogate: 1-Chlorooctadecane

Blank

0.20 mg/kg wet2-Methylnaphthalene ND

0.40 mg/kg wetAcenaphthene ND

0.20 mg/kg wetAcenaphthylene ND

0.40 mg/kg wetAnthracene ND

0.40 mg/kg wetBenzo(a)anthracene ND

0.40 mg/kg wetBenzo(a)pyrene ND

0.40 mg/kg wetBenzo(b)fluoranthene ND

0.40 mg/kg wetBenzo(g,h,i)perylene ND

0.40 mg/kg wetBenzo(k)fluoranthene ND

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 mg/kg wetC11-C22 Unadjusted Aromatics1 ND

0.40 mg/kg wetChrysene ND

0.20 mg/kg wetDibenzo(a,h)Anthracene ND

0.40 mg/kg wetFluoranthene ND

0.40 mg/kg wetFluorene ND

0.40 mg/kg wetIndeno(1,2,3-cd)Pyrene ND

0.40 mg/kg wetNaphthalene ND

0.40 mg/kg wetPhenanthrene ND

0.40 mg/kg wetPyrene ND

2.000 40-140961.92 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140921.84 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140981.97 mg/kg wetSurrogate: O-Terphenyl

LCS

15.0 16.00 40-140113mg/kg wetC19-C36 Aliphatics1 18.1

15.0 12.00 40-14097mg/kg wetC9-C18 Aliphatics1 11.7
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CG60715 - 3546

0.5 2.000 40-14057mg/kg wetDecane (C10) 1.1

0.5 2.000 40-14087mg/kg wetDocosane (C22) 1.7

0.5 2.000 40-14062mg/kg wetDodecane (C12) 1.2

0.5 2.000 40-14085mg/kg wetEicosane (C20) 1.7

0.5 2.000 40-14086mg/kg wetHexacosane (C26) 1.7

0.5 2.000 40-14079mg/kg wetHexadecane (C16) 1.6

0.5 2.000 40-14075mg/kg wetHexatriacontane (C36) 1.5

0.5 2.000 40-14085mg/kg wetNonadecane (C19) 1.7

0.5 2.000 30-14046mg/kg wetNonane (C9) 0.9

0.5 2.000 40-14081mg/kg wetOctacosane (C28) 1.6

0.5 2.000 40-14085mg/kg wetOctadecane (C18) 1.7

0.5 2.000 40-14083mg/kg wetTetracosane (C24) 1.7

0.5 2.000 40-14070mg/kg wetTetradecane (C14) 1.4

0.5 2.000 40-14081mg/kg wetTriacontane (C30) 1.6

2.000 40-140871.74 mg/kg wetSurrogate: 1-Chlorooctadecane

LCS

0.20 2.000 40-14057mg/kg wet2-Methylnaphthalene 1.14

0.40 2.000 40-14064mg/kg wetAcenaphthene 1.28

0.20 2.000 40-14066mg/kg wetAcenaphthylene 1.32

0.40 2.000 40-14069mg/kg wetAnthracene 1.38

0.40 2.000 40-14073mg/kg wetBenzo(a)anthracene 1.46

0.40 2.000 40-14080mg/kg wetBenzo(a)pyrene 1.60

0.40 2.000 40-14078mg/kg wetBenzo(b)fluoranthene 1.56

0.40 2.000 40-14079mg/kg wetBenzo(g,h,i)perylene 1.57

0.40 2.000 40-14078mg/kg wetBenzo(k)fluoranthene 1.57

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 34.00 40-14073mg/kg wetC11-C22 Unadjusted Aromatics1 24.9

0.40 2.000 40-14076mg/kg wetChrysene 1.52

0.20 2.000 40-14076mg/kg wetDibenzo(a,h)Anthracene 1.53

0.40 2.000 40-14072mg/kg wetFluoranthene 1.44

0.40 2.000 40-14066mg/kg wetFluorene 1.33

0.40 2.000 40-14079mg/kg wetIndeno(1,2,3-cd)Pyrene 1.59

0.40 2.000 40-14060mg/kg wetNaphthalene 1.20

0.40 2.000 40-14069mg/kg wetPhenanthrene 1.37

0.40 2.000 40-14073mg/kg wetPyrene 1.46

2.000 40-140931.86 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140911.81 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140921.85 mg/kg wetSurrogate: O-Terphenyl

LCS

0-5%2-Methylnaphthalene Breakthrough 0.0

0-5%Naphthalene Breakthrough 0.0

LCS Dup

15.0 16.00 2540-140112 1mg/kg wetC19-C36 Aliphatics1 17.9

15.0 12.00 2540-14092 5mg/kg wetC9-C18 Aliphatics1 11.1
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CG60715 - 3546

0.5 2.000 2540-14054 4mg/kg wetDecane (C10) 1.1

0.5 2.000 2540-14088 0.9mg/kg wetDocosane (C22) 1.8

0.5 2.000 2540-14059 5mg/kg wetDodecane (C12) 1.2

0.5 2.000 2540-14086 0.4mg/kg wetEicosane (C20) 1.7

0.5 2.000 2540-14087 1mg/kg wetHexacosane (C26) 1.7

0.5 2.000 2540-14078 2mg/kg wetHexadecane (C16) 1.6

0.5 2.000 2540-14077 3mg/kg wetHexatriacontane (C36) 1.5

0.5 2.000 2540-14086 0.4mg/kg wetNonadecane (C19) 1.7

0.5 2.000 2530-14044 3mg/kg wetNonane (C9) 0.9

0.5 2.000 2540-14081 0.1mg/kg wetOctacosane (C28) 1.6

0.5 2.000 2540-14084 0.5mg/kg wetOctadecane (C18) 1.7

0.5 2.000 2540-14083 0.4mg/kg wetTetracosane (C24) 1.7

0.5 2.000 2540-14066 6mg/kg wetTetradecane (C14) 1.3

0.5 2.000 2540-14081 0.7mg/kg wetTriacontane (C30) 1.6

2.000 40-140871.74 mg/kg wetSurrogate: 1-Chlorooctadecane

LCS Dup

0.20 2.000 3040-14060 4mg/kg wet2-Methylnaphthalene 1.19

0.40 2.000 3040-14066 2mg/kg wetAcenaphthene 1.31

0.20 2.000 3040-14067 2mg/kg wetAcenaphthylene 1.35

0.40 2.000 3040-14071 3mg/kg wetAnthracene 1.42

0.40 2.000 3040-14078 6mg/kg wetBenzo(a)anthracene 1.55

0.40 2.000 3040-14084 5mg/kg wetBenzo(a)pyrene 1.68

0.40 2.000 3040-14084 7mg/kg wetBenzo(b)fluoranthene 1.67

0.40 2.000 3040-14082 4mg/kg wetBenzo(g,h,i)perylene 1.63

0.40 2.000 3040-14081 3mg/kg wetBenzo(k)fluoranthene 1.62

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 34.00 2540-14075 2mg/kg wetC11-C22 Unadjusted Aromatics1 25.5

0.40 2.000 3040-14079 4mg/kg wetChrysene 1.58

0.20 2.000 3040-14079 4mg/kg wetDibenzo(a,h)Anthracene 1.59

0.40 2.000 3040-14076 6mg/kg wetFluoranthene 1.53

0.40 2.000 3040-14071 6mg/kg wetFluorene 1.42

0.40 2.000 3040-14082 3mg/kg wetIndeno(1,2,3-cd)Pyrene 1.64

0.40 2.000 3040-14062 2mg/kg wetNaphthalene 1.23

0.40 2.000 3040-14073 6mg/kg wetPhenanthrene 1.46

0.40 2.000 3040-14077 5mg/kg wetPyrene 1.54

2.000 40-140951.89 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140901.81 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140961.93 mg/kg wetSurrogate: O-Terphenyl

LCS Dup

2000-5%2-Methylnaphthalene Breakthrough 0.0

2000-5%Naphthalene Breakthrough 0.0
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Notes and Definitions 

U Analyte included in the analysis, but not detected

SD Surrogate recovery(ies) diluted below the MRL (SD).

D Diluted.

Sample results reported on a dry weight basis
Relative Percent DifferenceRPD

dry
Analyte NOT DETECTED at or above the MRL (LOQ), LOD for DoD Reports, MDL for J-Flagged AnalytesND

MDL
MRL

Method Detection Limit
Method Reporting Limit

I/V
F/V

Initial Volume
Final Volume

§ Subcontracted analysis; see attached report
1
2
3

Range result excludes concentrations of surrogates and/or internal standards eluting in that range.
Range result excludes concentrations of target analytes eluting in that range.
Range result excludes the concentration of the C9-C10 aromatic range.

Avg Results reported as a mathematical average.
NR No Recovery

LOD Limit of Detection

[CALC] Calculated Analyte

LOQ Limit of Quantitation

DL Detection Limit

SUB Subcontracted analysis; see attached report
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1607072

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

ESS LABORATORY CERTIFICATIONS AND ACCREDITATIONS

ENVIRONMENTAL

Rhode Island Potable and Non Potable Water: LAI00179

http://www.health.ri.gov/find/labs/analytical/ESS.pdf

Connecticut Potable and Non Potable Water, Solid and Hazardous Waste: PH-0750

http://www.ct.gov/dph/lib/dph/environmental_health/environmental_laboratories/pdf/OutofStateCommercialLaboratories.pdf

Maine Potable and Non Potable Water, and Solid and Hazardous Waste:  RI00002

http://www.maine.gov/dhhs/mecdc/environmental-health/water/dwp-services/labcert/documents/AllLabs.xls

Massachusetts Potable and Non Potable Water: M-RI002

http://public.dep.state.ma.us/Labcert/Labcert.aspx

New Hampshire (NELAP accredited) Potable and Non Potable Water, Solid and Hazardous Waste: 2424

http://des.nh.gov/organization/divisions/water/dwgb/nhelap/index.htm

New York (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: 11313

http://www.wadsworth.org/labcert/elap/comm.html

New Jersey (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: RI006

http://datamine2.state.nj.us/DEP_OPRA/OpraMain/pi_main?mode=pi_by_site&sort_order=PI_NAMEA&Select+a+Site:=58715

United States Department of Agriculture Soil Permit: P330-12-00139

Pennsylvania: 68-01752

http://www.depweb.state.pa.us/portal/server.pt/community/labs/13780/laboratory_accreditation_program/590095
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ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CERTIFICATE OF ANALYSIS

Adam Cote

GZA GeoEnvironmental, Inc.

1350 Main Street, Suite 1400

Springfield, MA 01103

RE:  123 Pine Street (15.0166521.00)

ESS Laboratory Work Order Number:   1608558

This signed Certificate of Analysis is our approved release of your analytical results. These results are 

only representative of sample aliquots received at the laboratory. ESS Laboratory expects its clients to 

follow all regulatory sampling guidelines. Beginning with this page, the entire report has been paginated. 

This report should not be copied except in full without the approval of the laboratory. Samples will be 

disposed of thirty days after the final report has been delivered. If you have any questions or concerns, 

please feel free to call our Customer Service Department. 

Laurel Stoddard

Laboratory Director

Analytical Summary

The project as described above has been analyzed in accordance with the ESS Quality Assurance Plan. 

This plan utilizes the following methodologies: US EPA SW-846, US EPA Methods for Chemical 

Analysis of Water and Wastes per 40 CFR Part 136, APHA Standard Methods for the Examination of 

Water and Wastewater, American Society for Testing and Materials (ASTM), and other recognized 

methodologies. The analyses with these noted observations are in conformance to the Quality Assurance 

Plan. In chromatographic analysis, manual integration is frequently used instead of automated 

integration because it produces more accurate results.

The test results present in this report are in compliance with NELAC Standards, A2LA and/or client 

Quality Assurance Project Plans (QAPP). The laboratory has reviewed the following: Sample 

Preservations, Hold Times, Initial Calibrations, Continuing Calibrations, Method Blanks, Blank Spikes, 

Blank Spike Duplicates, Duplicates, Matrix Spikes, Matrix Spike Duplicates, Surrogates and Internal 

Standards. Any results which were found to be outside of the recommended ranges stated in our SOPs 

will be noted in the Project Narrative.
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

SAMPLE RECEIPT

The following samples were received on August 19, 2016 for the analyses specified on the enclosed Chain of Custody Record. 

To achieve CAM compliance for MCP data, ESS Laboratory has performed and reviewed all QA/QC Requirements and 

Performance Standards listed in each method.  Holding times and preservation have also been reviewed.  All CAM 

requirements have been achieved unless noted in the project narrative.

Each method has been set-up in the laboratory to reach required MCP standards.  The methods for aqueous VOA and Soil 

Methanol VOA have known limitations for certain analytes.  The regulatory standards may not be achieved due to these 

limitations.  In addition, for all methods, matrix interferences, dilutions, and %Solids may elevate method reporting limits 

above regulatory standards.  ESS Laboratory can provide, upon request, a Data Checker (regulatory standard comparison 

spreadsheet) electronic deliverable which will highlight these exceedances.

Lab Number MatrixSample Name Analysis
123 Pine - S-4 EPH8270, MADEP-EPHSoil1608558-01 

123 Pine - S-5 EPH8270, MADEP-EPHSoil1608558-02 

123 Pine - S-6 EPH8270, MADEP-EPHSoil1608558-03 

123 Pine - S-7 EPH8270, MADEP-EPHSoil1608558-04 
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

PROJECT NARRATIVE

End of Project Narrative.

No unusual observations noted.

DATA USABILITY LINKS

Definitions of Quality Control Parameters

Semivolatile Organics Internal Standard Information

Volatile Organics Internal Standard Information

Volatile Organics Surrogate Information

Semivolatile Organics Surrogate Information

EPH and VPH Alkane Lists
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CURRENT SW-846 METHODOLOGY VERSIONS

Prep Methods

3005A - Aqueous ICP Digestion

3020A - Aqueous Graphite Furnace / ICP MS Digestion

3050B - Solid ICP / Graphite Furnace / ICP MS Digestion

3060A - Solid Hexavalent Chromium Digestion

3510C - Separatory Funnel Extraction

3520C - Liquid / Liquid Extraction

3540C - Manual Soxhlet Extraction

3541 - Automated Soxhlet Extraction

3546 - Microwave Extraction

3580A - Waste Dilution

5030B - Aqueous Purge and Trap

5030C - Aqueous Purge and Trap

5035 - Solid Purge and Trap

Analytical Methods

1010A - Flashpoint

6010C - ICP

6020A - ICP MS

7010   - Graphite Furnace

7196A - Hexavalent Chromium

7470A - Aqueous Mercury

7471B - Solid Mercury

8011 - EDB/DBCP/TCP

8015D - GRO/DRO

8081B - Pesticides

8082A - PCB

8100M - TPH

8151A - Herbicides

8260B - VOA

8270D - SVOA

8270D SIM - SVOA Low Level

9014 - Cyanide

9038 - Sulfate

9040C - Aqueous pH

9045D - Solid pH (Corrosivity)

9050A - Specific Conductance

9056A - Anions (IC)

9060A - TOC

9095B - Paint Filter

MADEP 04-1.1 - EPH / VPH

SW846 Reactivity Methods 7.3.3.2 (Reactive Cyanide) and 7.3.4.1 (Reactive Sulfide) have been withdrawn by EPA. These 

methods are reported per client request and are not NELAP accredited.
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

MassDEP Analytical Protocol Certification Form

MADEP RTN:

This form provides certification for the following data set: 1608558-01 through 1608558-04

Matrices:   (  ) Ground Water/Surface Water (  ) Soil/Sediment (  ) Drinking Water   (  ) Air (  ) Other:_______________

CAM Protocol (check all that apply below):

(   ) 8260 VOC (   ) 7470/7471 Hg (   ) MassDEP VPH (   ) 8081 Pesticides (   ) 7196 Hex Cr (   ) MassDEP APH
CAM II A CAM III B CAM IV A CAM V B CAM VI B CAM IX A

(   ) 8270 SVOC (   ) 7010 Metals (   ) MassDEP EPH (   ) 8151 Herbicides (   ) 8330 Explosives (   ) TO-15 VOC
CAM II B CAM III C CAM IV B CAM V C CAM VIII A CAM IX B

(   ) 6010 Metals (   ) 6020 Metals (   ) 8082 PCB (   ) 6860 Perchlorate (   ) 9014 Total Cyanide/PAC
CAM III A CAM III D CAM V A CAM VIII B CAM VI A

Affirmative responses to questions A through F are required for ''Presumptive Certainty'' status

A Were all samples received in a condition consistent with those described on the Chain-of-Custody, properly Yes (   )  No (   )

preserved (including temperature) in the field or laboratory, and prepared/analyzed within method holding times?

B Were the analytical method(s) and all associated QC requirements specified in the selected CAM protocol(s) Yes (   )  No (   )

followed?

C Were all required corrective actions and analytical response actions specified in the selected CAM protocol(s) Yes (   )  No (   )

implemented for all identified performance standard non-conformances?

D Does the laboratory report comply with all the reporting requirements specified in the CAM VII A, "Quality Yes (   )  No (   )

Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical Data"?

E a. VPH, EPH, APH and TO-15 only: Was each method conducted without significant modification(s)? (Refer Yes (   )  No (   )

to the individual method(s) for a list of significant modifications).

b. APH and TO-15 Methods only: Was the complete analyte list reported for each method? Yes (   )  No (   )

F Were all applicable CAM protocol QC and performance standard non-conformances identified and evaluated Yes (   )  No (   )

in a laboratory narrative (including all "No" responses to Questions A through E)?

Responses to Questions G, H and I below are required for '''Presumptive Certainty'' status

G Were the reporting limits at or below all CAM reporting limits specified in the selected CAM protocols(s)? Yes (   )  No (   )*

Data User Note: Data that achieve ''Presumptive Certainty'' status may not necessarily meet the data usability and

representativeness requirements described in 310 CMR 40. 1056 (2)(k) and WSC-07-350.

H Were all QC performance standards specified in the CAM protocol(s) achieved? Yes (   )  No (   )*

I Were results reported for the complete analyte list specified in the selected CAM protocol(s)? Yes (   )  No (   )*

*All negative responses must be addressed in an attached laboratory narrative.

I, the undersigned, attest under the pains and penalties of perjury that, based upon my personal inquiry of those responsible

for obtaining the information, the material contained in this analytical report is, to the best of my knowledge and belief,

accurate and complete.

Signature: ________________________________ Date: August 26, 2016

Printed Name: Laurel Stoddard Position: Laboratory Director
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  123 Pine - S-4

Date Sampled:  08/18/16 10:15

ESS Laboratory Sample ID:  1608558-01

Sample Matrix:  Soil

Prepared:  8/22/16  12:49
Initial Volume:  24.6
Final Volume:  1

Percent Solids:   98

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  1 ZLC CH62218CZH039808/24/16   7:58 ND (15.5) 

MADEP-EPHC19-C36 Aliphatics1  1 ZLC CH62218CZH039808/24/16   7:58 ND (15.5) 

EPH8270C11-C22 Unadjusted Aromatics1  1 VSC CH62218CZH042408/24/16   4:01 ND (15.5) 

EPH8270C11-C22 Aromatics1,2 VSC [CALC]08/24/16   4:01 ND (15.5) 

EPH82702-Methylnaphthalene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.21) 

EPH8270Acenaphthene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Naphthalene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Phenanthrene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Acenaphthylene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.21) 

EPH8270Anthracene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Benzo(a)anthracene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Benzo(a)pyrene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Benzo(b)fluoranthene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Benzo(g,h,i)perylene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Benzo(k)fluoranthene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Chrysene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Dibenzo(a,h)Anthracene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.21) 

EPH8270Fluoranthene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Fluorene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Indeno(1,2,3-cd)Pyrene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

EPH8270Pyrene  1 VSC CH62218CZH042408/24/16   4:01 ND (0.41) 

%Recovery Qualifier Limits

40-14068 %Surrogate: 1-Chlorooctadecane

40-14057 %Surrogate: 2-Bromonaphthalene

40-14073 %Surrogate: 2-Fluorobiphenyl

40-14069 %Surrogate: O-Terphenyl
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  123 Pine - S-5

Date Sampled:  08/18/16 10:32

ESS Laboratory Sample ID:  1608558-02

Sample Matrix:  Soil

Prepared:  8/22/16  12:49
Initial Volume:  24.4
Final Volume:  1

Percent Solids:   94

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  1 ZLC CH62218CZH039808/24/16   8:45 ND (16.3) 

MADEP-EPHC19-C36 Aliphatics1  1 ZLC CH62218CZH039808/24/16   8:45 16.4 (16.3) 

EPH8270C11-C22 Unadjusted Aromatics1  1 VSC CH62218CZH042408/24/16   4:38 ND (16.3) 

EPH8270C11-C22 Aromatics1,2 VSC [CALC]08/24/16   4:38 ND (16.3) 

EPH82702-Methylnaphthalene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.22) 

EPH8270Acenaphthene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Naphthalene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Phenanthrene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Acenaphthylene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.22) 

EPH8270Anthracene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Benzo(a)anthracene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Benzo(a)pyrene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Benzo(b)fluoranthene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Benzo(g,h,i)perylene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Benzo(k)fluoranthene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Chrysene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Dibenzo(a,h)Anthracene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.22) 

EPH8270Fluoranthene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Fluorene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Indeno(1,2,3-cd)Pyrene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

EPH8270Pyrene  1 VSC CH62218CZH042408/24/16   4:38 ND (0.43) 

%Recovery Qualifier Limits

40-14065 %Surrogate: 1-Chlorooctadecane

40-14049 %Surrogate: 2-Bromonaphthalene

40-14070 %Surrogate: 2-Fluorobiphenyl

40-14065 %Surrogate: O-Terphenyl
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  123 Pine - S-6

Date Sampled:  08/18/16 10:43

ESS Laboratory Sample ID:  1608558-03

Sample Matrix:  Soil

Prepared:  8/22/16  12:49
Initial Volume:  24.9
Final Volume:  1

Percent Solids:   89

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  1 ZLC CH62218CZH039808/24/16   9:32 384 (17.0) 

MADEP-EPHC19-C36 Aliphatics1  1 ZLC CH62218CZH039808/24/16   9:32 88.9 (17.0) 

EPH8270C11-C22 Unadjusted Aromatics1  1 VSC CH62218CZH042408/24/16   5:14 84.4 (17.0) 

EPH8270C11-C22 Aromatics1,2 VSC [CALC]08/24/16   5:14 83.4 (17.0) 

EPH82702-Methylnaphthalene  1 VSC CH62218CZH042408/24/16   5:14 0.95 (0.23) 

EPH8270Acenaphthene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Naphthalene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Phenanthrene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Acenaphthylene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.23) 

EPH8270Anthracene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Benzo(a)anthracene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Benzo(a)pyrene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Benzo(b)fluoranthene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Benzo(g,h,i)perylene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Benzo(k)fluoranthene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Chrysene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Dibenzo(a,h)Anthracene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.23) 

EPH8270Fluoranthene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Fluorene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Indeno(1,2,3-cd)Pyrene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

EPH8270Pyrene  1 VSC CH62218CZH042408/24/16   5:14 ND (0.45) 

%Recovery Qualifier Limits

40-14060 %Surrogate: 1-Chlorooctadecane

40-14050 %Surrogate: 2-Bromonaphthalene

40-14064 %Surrogate: 2-Fluorobiphenyl

40-14055 %Surrogate: O-Terphenyl

185 Frances Avenue, Cranston, RI  02910-2211          Tel: 401-461-7181          Fax: 401-461-4486          http://www.ESSLaboratory.com
Dependability          ♦          Quality          ♦          Service



Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  123 Pine - S-7

Date Sampled:  08/18/16 10:54

ESS Laboratory Sample ID:  1608558-04

Sample Matrix:  Soil

Prepared:  8/22/16  12:49
Initial Volume:  24.6
Final Volume:  1

Percent Solids:   96

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  1 ZLC CH62218CZH039808/24/16  10:20 ND (15.9) 

MADEP-EPHC19-C36 Aliphatics1  1 ZLC CH62218CZH039808/24/16  10:20 ND (15.9) 

EPH8270C11-C22 Unadjusted Aromatics1  1 VSC CH62218CZH042408/24/16   5:51 ND (15.9) 

EPH8270C11-C22 Aromatics1,2 VSC [CALC]08/24/16   5:51 ND (15.9) 

EPH82702-Methylnaphthalene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.21) 

EPH8270Acenaphthene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Naphthalene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Phenanthrene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Acenaphthylene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.21) 

EPH8270Anthracene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Benzo(a)anthracene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Benzo(a)pyrene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Benzo(b)fluoranthene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Benzo(g,h,i)perylene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Benzo(k)fluoranthene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Chrysene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Dibenzo(a,h)Anthracene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.21) 

EPH8270Fluoranthene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Fluorene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Indeno(1,2,3-cd)Pyrene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

EPH8270Pyrene  1 VSC CH62218CZH042408/24/16   5:51 ND (0.42) 

%Recovery Qualifier Limits

40-14068 %Surrogate: 1-Chlorooctadecane

40-14059 %Surrogate: 2-Bromonaphthalene

40-14073 %Surrogate: 2-Fluorobiphenyl

40-14065 %Surrogate: O-Terphenyl
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CH62218 - 3546

Blank

15.0 mg/kg wetC19-C36 Aliphatics1 ND

15.0 mg/kg wetC9-C18 Aliphatics1 ND

0.5 mg/kg wetDecane (C10) ND

0.5 mg/kg wetDocosane (C22) ND

0.5 mg/kg wetDodecane (C12) ND

0.5 mg/kg wetEicosane (C20) ND

0.5 mg/kg wetHexacosane (C26) ND

0.5 mg/kg wetHexadecane (C16) ND

0.5 mg/kg wetHexatriacontane (C36) ND

0.5 mg/kg wetNonadecane (C19) ND

0.5 mg/kg wetNonane (C9) ND

0.5 mg/kg wetOctacosane (C28) ND

0.5 mg/kg wetOctadecane (C18) ND

0.5 mg/kg wetTetracosane (C24) ND

0.5 mg/kg wetTetradecane (C14) ND

0.5 mg/kg wetTriacontane (C30) ND

2.000 40-140711.42 mg/kg wetSurrogate: 1-Chlorooctadecane

Blank

0.20 mg/kg wet2-Methylnaphthalene ND

0.40 mg/kg wetAcenaphthene ND

0.20 mg/kg wetAcenaphthylene ND

0.40 mg/kg wetAnthracene ND

0.40 mg/kg wetBenzo(a)anthracene ND

0.40 mg/kg wetBenzo(a)pyrene ND

0.40 mg/kg wetBenzo(b)fluoranthene ND

0.40 mg/kg wetBenzo(g,h,i)perylene ND

0.40 mg/kg wetBenzo(k)fluoranthene ND

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 mg/kg wetC11-C22 Unadjusted Aromatics1 ND

0.40 mg/kg wetChrysene ND

0.20 mg/kg wetDibenzo(a,h)Anthracene ND

0.40 mg/kg wetFluoranthene ND

0.40 mg/kg wetFluorene ND

0.40 mg/kg wetIndeno(1,2,3-cd)Pyrene ND

0.40 mg/kg wetNaphthalene ND

0.40 mg/kg wetPhenanthrene ND

0.40 mg/kg wetPyrene ND

2.000 40-140921.85 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140971.95 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140821.64 mg/kg wetSurrogate: O-Terphenyl

LCS

15.0 16.00 40-14087mg/kg wetC19-C36 Aliphatics1 13.9

15.0 12.00 40-14065mg/kg wetC9-C18 Aliphatics1 7.8
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CH62218 - 3546

0.5 2.000 40-14045mg/kg wetDecane (C10) 0.9

0.5 2.000 40-14082mg/kg wetDocosane (C22) 1.6

0.5 2.000 40-14051mg/kg wetDodecane (C12) 1.0

0.5 2.000 40-14074mg/kg wetEicosane (C20) 1.5

0.5 2.000 40-14074mg/kg wetHexacosane (C26) 1.5

0.5 2.000 40-14066mg/kg wetHexadecane (C16) 1.3

0.5 2.000 40-14069mg/kg wetHexatriacontane (C36) 1.4

0.5 2.000 40-14074mg/kg wetNonadecane (C19) 1.5

0.5 2.000 30-14037mg/kg wetNonane (C9) 0.7

0.5 2.000 40-14074mg/kg wetOctacosane (C28) 1.5

0.5 2.000 40-14071mg/kg wetOctadecane (C18) 1.4

0.5 2.000 40-14075mg/kg wetTetracosane (C24) 1.5

0.5 2.000 40-14055mg/kg wetTetradecane (C14) 1.1

0.5 2.000 40-14075mg/kg wetTriacontane (C30) 1.5

2.000 40-140721.44 mg/kg wetSurrogate: 1-Chlorooctadecane

LCS

0.20 2.000 40-14062mg/kg wet2-Methylnaphthalene 1.24

0.40 2.000 40-14068mg/kg wetAcenaphthene 1.36

0.20 2.000 40-14068mg/kg wetAcenaphthylene 1.36

0.40 2.000 40-14077mg/kg wetAnthracene 1.54

0.40 2.000 40-14080mg/kg wetBenzo(a)anthracene 1.60

0.40 2.000 40-14084mg/kg wetBenzo(a)pyrene 1.69

0.40 2.000 40-14082mg/kg wetBenzo(b)fluoranthene 1.65

0.40 2.000 40-14083mg/kg wetBenzo(g,h,i)perylene 1.67

0.40 2.000 40-14086mg/kg wetBenzo(k)fluoranthene 1.73

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 34.00 40-14079mg/kg wetC11-C22 Unadjusted Aromatics1 26.8

0.40 2.000 40-14083mg/kg wetChrysene 1.66

0.20 2.000 40-14083mg/kg wetDibenzo(a,h)Anthracene 1.65

0.40 2.000 40-14079mg/kg wetFluoranthene 1.58

0.40 2.000 40-14073mg/kg wetFluorene 1.45

0.40 2.000 40-14082mg/kg wetIndeno(1,2,3-cd)Pyrene 1.63

0.40 2.000 40-14061mg/kg wetNaphthalene 1.22

0.40 2.000 40-14078mg/kg wetPhenanthrene 1.55

0.40 2.000 40-14081mg/kg wetPyrene 1.62

2.000 40-140911.82 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140941.87 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140861.72 mg/kg wetSurrogate: O-Terphenyl

LCS

0-5%2-Methylnaphthalene Breakthrough 0.0

0-5%Naphthalene Breakthrough 0.0

LCS Dup

15.0 16.00 2540-14085 2mg/kg wetC19-C36 Aliphatics1 13.6

15.0 12.00 2540-14065 0.2mg/kg wetC9-C18 Aliphatics1 7.8
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CH62218 - 3546

0.5 2.000 2540-14045 1mg/kg wetDecane (C10) 0.9

0.5 2.000 2540-14073 12mg/kg wetDocosane (C22) 1.5

0.5 2.000 2540-14050 0.8mg/kg wetDodecane (C12) 1.0

0.5 2.000 2540-14073 2mg/kg wetEicosane (C20) 1.5

0.5 2.000 2540-14073 2mg/kg wetHexacosane (C26) 1.5

0.5 2.000 2540-14065 3mg/kg wetHexadecane (C16) 1.3

0.5 2.000 2540-14069 0.6mg/kg wetHexatriacontane (C36) 1.4

0.5 2.000 2540-14072 2mg/kg wetNonadecane (C19) 1.4

0.5 2.000 2530-14037 0.7mg/kg wetNonane (C9) 0.7

0.5 2.000 2540-14073 2mg/kg wetOctacosane (C28) 1.5

0.5 2.000 2540-14069 2mg/kg wetOctadecane (C18) 1.4

0.5 2.000 2540-14073 2mg/kg wetTetracosane (C24) 1.5

0.5 2.000 2540-14053 3mg/kg wetTetradecane (C14) 1.1

0.5 2.000 2540-14074 2mg/kg wetTriacontane (C30) 1.5

2.000 40-140711.41 mg/kg wetSurrogate: 1-Chlorooctadecane

LCS Dup

0.20 2.000 3040-14059 4mg/kg wet2-Methylnaphthalene 1.18

0.40 2.000 3040-14065 5mg/kg wetAcenaphthene 1.29

0.20 2.000 3040-14065 4mg/kg wetAcenaphthylene 1.31

0.40 2.000 3040-14074 4mg/kg wetAnthracene 1.49

0.40 2.000 3040-14075 7mg/kg wetBenzo(a)anthracene 1.50

0.40 2.000 3040-14082 3mg/kg wetBenzo(a)pyrene 1.63

0.40 2.000 3040-14082 0.1mg/kg wetBenzo(b)fluoranthene 1.65

0.40 2.000 3040-14080 4mg/kg wetBenzo(g,h,i)perylene 1.61

0.40 2.000 3040-14075 14mg/kg wetBenzo(k)fluoranthene 1.51

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 34.00 2540-14074 6mg/kg wetC11-C22 Unadjusted Aromatics1 25.1

0.40 2.000 3040-14078 6mg/kg wetChrysene 1.56

0.20 2.000 3040-14079 4mg/kg wetDibenzo(a,h)Anthracene 1.58

0.40 2.000 3040-14074 6mg/kg wetFluoranthene 1.49

0.40 2.000 3040-14068 7mg/kg wetFluorene 1.36

0.40 2.000 3040-14078 5mg/kg wetIndeno(1,2,3-cd)Pyrene 1.56

0.40 2.000 3040-14059 4mg/kg wetNaphthalene 1.17

0.40 2.000 3040-14073 6mg/kg wetPhenanthrene 1.46

0.40 2.000 3040-14077 5mg/kg wetPyrene 1.54

2.000 40-140801.61 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140981.96 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140811.62 mg/kg wetSurrogate: O-Terphenyl

LCS Dup

2000-5%2-Methylnaphthalene Breakthrough 0.0

2000-5%Naphthalene Breakthrough 0.0
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Notes and Definitions 

U Analyte included in the analysis, but not detected

Sample results reported on a dry weight basis
Relative Percent DifferenceRPD

dry
Analyte NOT DETECTED at or above the MRL (LOQ), LOD for DoD Reports, MDL for J-Flagged AnalytesND

MDL
MRL

Method Detection Limit
Method Reporting Limit

I/V
F/V

Initial Volume
Final Volume

§ Subcontracted analysis; see attached report
1
2
3

Range result excludes concentrations of surrogates and/or internal standards eluting in that range.
Range result excludes concentrations of target analytes eluting in that range.
Range result excludes the concentration of the C9-C10 aromatic range.

Avg Results reported as a mathematical average.
NR No Recovery

LOD Limit of Detection

[CALC] Calculated Analyte

LOQ Limit of Quantitation

DL Detection Limit

SUB Subcontracted analysis; see attached report
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1608558

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

ESS LABORATORY CERTIFICATIONS AND ACCREDITATIONS

ENVIRONMENTAL

Rhode Island Potable and Non Potable Water: LAI00179

http://www.health.ri.gov/find/labs/analytical/ESS.pdf

Connecticut Potable and Non Potable Water, Solid and Hazardous Waste: PH-0750

http://www.ct.gov/dph/lib/dph/environmental_health/environmental_laboratories/pdf/OutofStateCommercialLaboratories.pdf

Maine Potable and Non Potable Water, and Solid and Hazardous Waste:  RI00002

http://www.maine.gov/dhhs/mecdc/environmental-health/water/dwp-services/labcert/documents/AllLabs.xls

Massachusetts Potable and Non Potable Water: M-RI002

http://public.dep.state.ma.us/Labcert/Labcert.aspx

New Hampshire (NELAP accredited) Potable and Non Potable Water, Solid and Hazardous Waste: 2424

http://des.nh.gov/organization/divisions/water/dwgb/nhelap/index.htm

New York (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: 11313

http://www.wadsworth.org/labcert/elap/comm.html

New Jersey (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: RI006

http://datamine2.state.nj.us/DEP_OPRA/OpraMain/pi_main?mode=pi_by_site&sort_order=PI_NAMEA&Select+a+Site:=58715

United States Department of Agriculture Soil Permit: P330-12-00139

Pennsylvania: 68-01752

http://www.depweb.state.pa.us/portal/server.pt/community/labs/13780/laboratory_accreditation_program/590095
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ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CERTIFICATE OF ANALYSIS

Adam Cote

GZA GeoEnvironmental, Inc.

1350 Main Street, Suite 1400

Springfield, MA 01103

RE:  123 Pine Street (15.0166521.00)

ESS Laboratory Work Order Number:   1704760

This signed Certificate of Analysis is our approved release of your analytical results. These results are 

only representative of sample aliquots received at the laboratory. ESS Laboratory expects its clients to 

follow all regulatory sampling guidelines. Beginning with this page, the entire report has been paginated. 

This report should not be copied except in full without the approval of the laboratory. Samples will be 

disposed of thirty days after the final report has been delivered. If you have any questions or concerns, 

please feel free to call our Customer Service Department. 

Laurel Stoddard

Laboratory Director

Analytical Summary

The project as described above has been analyzed in accordance with the ESS Quality Assurance Plan. 

This plan utilizes the following methodologies: US EPA SW-846, US EPA Methods for Chemical 

Analysis of Water and Wastes per 40 CFR Part 136, APHA Standard Methods for the Examination of 

Water and Wastewater, American Society for Testing and Materials (ASTM), and other recognized 

methodologies. The analyses with these noted observations are in conformance to the Quality Assurance 

Plan. In chromatographic analysis, manual integration is frequently used instead of automated 

integration because it produces more accurate results.

The test results present in this report are in compliance with TNI and relative state standards, and/or 

client Quality Assurance Project Plans (QAPP). The laboratory has reviewed the following: Sample 

Preservations, Hold Times, Initial Calibrations, Continuing Calibrations, Method Blanks, Blank Spikes, 

Blank Spike Duplicates, Duplicates, Matrix Spikes, Matrix Spike Duplicates, Surrogates and Internal 

Standards. Any results which were found to be outside of the recommended ranges stated in our SOPs 

will be noted in the Project Narrative.
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

SAMPLE RECEIPT

The following samples were received on April 27, 2017 for the analyses specified on the enclosed Chain of Custody Record. 

To achieve CAM compliance for MCP data, ESS Laboratory has reviewed all QA/QC Requirements and Performance 

Standards listed in each method.  Holding times and preservation have also been reviewed.  All CAM requirements have been 

performed and achieved unless noted in the project narrative.

Each method has been set-up in the laboratory to reach required MCP standards.  The methods for aqueous VOA and Soil 

Methanol VOA have known limitations for certain analytes.  The regulatory standards may not be achieved due to these 

limitations.  In addition, for all methods, matrix interferences, dilutions, and %Solids may elevate method reporting limits 

above regulatory standards.  ESS Laboratory can provide, upon request, a Data Checker (regulatory standard comparison 

spreadsheet) electronic deliverable which will highlight these exceedances.

Lab Number MatrixSample Name Analysis
East Exc. Bottom EPH8270, MADEP-EPHSoil1704760-01 

Exc. Composite EPH8270, MADEP-EPHSoil1704760-02 
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

PROJECT NARRATIVE

End of Project Narrative.

No unusual observations noted.

DATA USABILITY LINKS
To ensure you are viewing the most current version of the documents below, please clear your internet cookies for 

www.ESSLaboratory.com. Consult your IT Support personnel for information on how to clear your internet cookies.

Definitions of Quality Control Parameters

Semivolatile Organics Internal Standard Information

Volatile Organics Internal Standard Information

Volatile Organics Surrogate Information

Semivolatile Organics Surrogate Information

EPH and VPH Alkane Lists
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

CURRENT SW-846 METHODOLOGY VERSIONS

Prep Methods

3005A - Aqueous ICP Digestion

3020A - Aqueous Graphite Furnace / ICP MS Digestion

3050B - Solid ICP / Graphite Furnace / ICP MS Digestion

3060A - Solid Hexavalent Chromium Digestion

3510C - Separatory Funnel Extraction

3520C - Liquid / Liquid Extraction

3540C - Manual Soxhlet Extraction

3541 - Automated Soxhlet Extraction

3546 - Microwave Extraction

3580A - Waste Dilution

5030B - Aqueous Purge and Trap

5030C - Aqueous Purge and Trap

5035 - Solid Purge and Trap

Analytical Methods

1010A - Flashpoint

6010C - ICP

6020A - ICP MS

7010   - Graphite Furnace

7196A - Hexavalent Chromium

7470A - Aqueous Mercury

7471B - Solid Mercury

8011 - EDB/DBCP/TCP

8015C - GRO/DRO

8081B - Pesticides

8082A - PCB

8100M - TPH

8151A - Herbicides

8260B - VOA

8270D - SVOA

8270D SIM - SVOA Low Level

9014 - Cyanide

9038 - Sulfate

9040C - Aqueous pH

9045D - Solid pH (Corrosivity)

9050A - Specific Conductance

9056A - Anions (IC)

9060A - TOC

9095B - Paint Filter

MADEP 04-1.1 - EPH / VPH

SW846 Reactivity Methods 7.3.3.2 (Reactive Cyanide) and 7.3.4.1 (Reactive Sulfide) have been withdrawn by EPA. These 

methods are reported per client request and are not NELAP accredited.
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

MassDEP Analytical Protocol Certification Form

MADEP RTN:

This form provides certification for the following data set: 1704760-01 through 1704760-02

Matrices:   (  ) Ground Water/Surface Water (  ) Soil/Sediment (  ) Drinking Water   (  ) Air (  ) Other:_______________

CAM Protocol (check all that apply below):

(   ) 8260 VOC (   ) 7470/7471 Hg (   ) MassDEP VPH (   ) 8082 PCB (   ) 9014 Total (   ) 6860 Perchlorate
CAM II A CAM III B (GC/PID/FID) CAM V A Cyanide/PAH CAM VIII B

CAM IV A CAM VI A

(   ) 8270 SVOC (   ) 7010 Metals (   ) MassDEP VPH (   ) 8081 Pesticides (   ) 7196 Hex Cr (   ) MassDEP APH
CAM II B CAM III C (GC/MS) CAM V C CAM VI B CAM IX A

CAM IV B

(   ) 6010 Metals (   ) 6020 Metals (   ) MassDEP EPH (   ) 8151 Herbicides (   ) Explosives (   ) TO-15 VOC
CAM III A CAM III D CAM IV B  CAM V C  CAM VIII A  CAM IX B

Affirmative responses to questions A through F are required for ''Presumptive Certainty'' status

A Were all samples received in a condition consistent with those described on the Chain-of-Custody, properly Yes (   )  No (   )

preserved (including temperature) in the field or laboratory, and prepared/analyzed within method holding times?

B Were the analytical method(s) and all associated QC requirements specified in the selected CAM protocol(s) Yes (   )  No (   )

followed?

C Were all required corrective actions and analytical response actions specified in the selected CAM protocol(s) Yes (   )  No (   )

implemented for all identified performance standard non-conformances?

D Does the laboratory report comply with all the reporting requirements specified in the CAM VII A, "Quality Yes (   )  No (   )

Assurance and Quality Control Guidelines for the Acquisition and Reporting of Analytical Data"?

E VPH, EPH, APH and TO-15 only: a. Was each method conducted without significant modification(s)? (Refer Yes (   )  No (   )

to the individual method(s) for a list of significant modifications).

b. APH and TO-15 Methods only: Was the complete analyte list reported for each method? Yes (   )  No (   )

F Were all applicable CAM protocol QC and performance standard non-conformances identified and evaluated Yes (   )  No (   )

in a laboratory narrative (including all "No" responses to Questions A through E)?

Responses to Questions G, H and I below are required for '''Presumptive Certainty'' status

G Were the reporting limits at or below all CAM reporting limits specified in the selected CAM protocols(s)? Yes (   )  No (   )*

Data User Note: Data that achieve ''Presumptive Certainty'' status may not necessarily meet the data usability and

representativeness requirements described in 310 CMR 40. 1056 (2)(k) and WSC-07-350.

H Were all QC performance standards specified in the CAM protocol(s) achieved? Yes (   )  No (   )*

I Were results reported for the complete analyte list specified in the selected CAM protocol(s)? Yes (   )  No (   )*

*All negative responses must be addressed in an attached laboratory narrative.

I, the undersigned, attest under the pains and penalties of perjury that, based upon my personal inquiry of those responsible

for obtaining the information, the material contained in this analytical report is, to the best of my knowledge and belief,

accurate and complete.

Signature: ________________________________ Date: May 03, 2017

Printed Name: Laurel Stoddard Position: Laboratory Director
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  East Exc. Bottom

Date Sampled:  04/25/17 10:35

ESS Laboratory Sample ID:  1704760-01

Sample Matrix:  Soil

Prepared:  4/28/17  16:19
Initial Volume:  24.7
Final Volume:  1

Percent Solids:   79

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  1 DPS CD72823C7D049004/30/17   1:54 220 (19.2) 

MADEP-EPHC19-C36 Aliphatics1  1 DPS CD72823C7D049004/30/17   1:54 58.4 (19.2) 

EPH8270C11-C22 Unadjusted Aromatics1  1 ZLC CD72823C7E001105/01/17  22:23 75.8 (19.2) 

EPH8270C11-C22 Aromatics1,2 ZLC [CALC]05/01/17  22:23 75.1 (19.2) 

EPH82702-Methylnaphthalene  1 ZLC CD72823C7E001105/01/17  22:23 0.73 (0.26) 

EPH8270Acenaphthene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Naphthalene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Phenanthrene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Acenaphthylene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.26) 

EPH8270Anthracene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Benzo(a)anthracene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Benzo(a)pyrene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Benzo(b)fluoranthene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Benzo(g,h,i)perylene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Benzo(k)fluoranthene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Chrysene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Dibenzo(a,h)Anthracene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.26) 

EPH8270Fluoranthene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Fluorene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Indeno(1,2,3-cd)Pyrene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

EPH8270Pyrene  1 ZLC CD72823C7E001105/01/17  22:23 ND (0.51) 

%Recovery Qualifier Limits

40-14072 %Surrogate: 1-Chlorooctadecane

40-14099 %Surrogate: 2-Bromonaphthalene

40-14086 %Surrogate: 2-Fluorobiphenyl

40-14077 %Surrogate: O-Terphenyl
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Client Sample ID:  Exc. Composite

Date Sampled:  04/25/17 10:40

ESS Laboratory Sample ID:  1704760-02

Sample Matrix:  Soil

Prepared:  4/28/17  16:19
Initial Volume:  24.5
Final Volume:  1

Percent Solids:   88

Extraction Method:  3546

Units: mg/kg dry

MADEP-EPH Extractable Petroleum Hydrocarbons

Analyte Results (MRL) MDL Method Limit DF Analyst Analyzed Sequence Batch
MADEP-EPHC9-C18 Aliphatics1  1 DPS CD72823C7D049004/30/17   2:41 19.5 (17.5) 

MADEP-EPHC19-C36 Aliphatics1  1 DPS CD72823C7D049004/30/17   2:41 ND (17.5) 

EPH8270C11-C22 Unadjusted Aromatics1  1 ZLC CD72823C7E001105/01/17  23:00 ND (17.5) 

EPH8270C11-C22 Aromatics1,2 ZLC [CALC]05/01/17  23:00 ND (17.5) 

EPH82702-Methylnaphthalene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.23) 

EPH8270Acenaphthene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Naphthalene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Phenanthrene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Acenaphthylene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.23) 

EPH8270Anthracene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Benzo(a)anthracene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Benzo(a)pyrene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Benzo(b)fluoranthene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Benzo(g,h,i)perylene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Benzo(k)fluoranthene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Chrysene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Dibenzo(a,h)Anthracene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.23) 

EPH8270Fluoranthene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Fluorene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Indeno(1,2,3-cd)Pyrene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

EPH8270Pyrene  1 ZLC CD72823C7E001105/01/17  23:00 ND (0.47) 

%Recovery Qualifier Limits

40-14076 %Surrogate: 1-Chlorooctadecane

40-140100 %Surrogate: 2-Bromonaphthalene

40-14089 %Surrogate: 2-Fluorobiphenyl

40-14087 %Surrogate: O-Terphenyl
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CD72823 - 3546

Blank

15.0 mg/kg wetC19-C36 Aliphatics1 ND

15.0 mg/kg wetC9-C18 Aliphatics1 ND

0.5 mg/kg wetDecane (C10) ND

0.5 mg/kg wetDocosane (C22) ND

0.5 mg/kg wetDodecane (C12) ND

0.5 mg/kg wetEicosane (C20) ND

0.5 mg/kg wetHexacosane (C26) ND

0.5 mg/kg wetHexadecane (C16) ND

0.5 mg/kg wetHexatriacontane (C36) ND

0.5 mg/kg wetNonadecane (C19) ND

0.5 mg/kg wetNonane (C9) ND

0.5 mg/kg wetOctacosane (C28) ND

0.5 mg/kg wetOctadecane (C18) ND

0.5 mg/kg wetTetracosane (C24) ND

0.5 mg/kg wetTetradecane (C14) ND

0.5 mg/kg wetTriacontane (C30) ND

2.000 40-140701.40 mg/kg wetSurrogate: 1-Chlorooctadecane

Blank

0.20 mg/kg wet2-Methylnaphthalene ND

0.40 mg/kg wetAcenaphthene ND

0.20 mg/kg wetAcenaphthylene ND

0.40 mg/kg wetAnthracene ND

0.40 mg/kg wetBenzo(a)anthracene ND

0.40 mg/kg wetBenzo(a)pyrene ND

0.40 mg/kg wetBenzo(b)fluoranthene ND

0.40 mg/kg wetBenzo(g,h,i)perylene ND

0.40 mg/kg wetBenzo(k)fluoranthene ND

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 mg/kg wetC11-C22 Unadjusted Aromatics1 ND

0.40 mg/kg wetChrysene ND

0.20 mg/kg wetDibenzo(a,h)Anthracene ND

0.40 mg/kg wetFluoranthene ND

0.40 mg/kg wetFluorene ND

0.40 mg/kg wetIndeno(1,2,3-cd)Pyrene ND

0.40 mg/kg wetNaphthalene ND

0.40 mg/kg wetPhenanthrene ND

0.40 mg/kg wetPyrene ND

2.000 40-140851.71 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140781.56 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140811.61 mg/kg wetSurrogate: O-Terphenyl

LCS

15.0 16.00 40-140103mg/kg wetC19-C36 Aliphatics1 16.5

15.0 12.00 40-14094mg/kg wetC9-C18 Aliphatics1 11.3
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CD72823 - 3546

0.5 2.000 40-14064mg/kg wetDecane (C10) 1.3

0.5 2.000 40-14088mg/kg wetDocosane (C22) 1.8

0.5 2.000 40-14070mg/kg wetDodecane (C12) 1.4

0.5 2.000 40-14087mg/kg wetEicosane (C20) 1.7

0.5 2.000 40-14087mg/kg wetHexacosane (C26) 1.7

0.5 2.000 40-14084mg/kg wetHexadecane (C16) 1.7

0.5 2.000 40-14084mg/kg wetHexatriacontane (C36) 1.7

0.5 2.000 40-14088mg/kg wetNonadecane (C19) 1.8

0.5 2.000 30-14052mg/kg wetNonane (C9) 1.0

0.5 2.000 40-14085mg/kg wetOctacosane (C28) 1.7

0.5 2.000 40-14084mg/kg wetOctadecane (C18) 1.7

0.5 2.000 40-14087mg/kg wetTetracosane (C24) 1.7

0.5 2.000 40-14077mg/kg wetTetradecane (C14) 1.5

0.5 2.000 40-14083mg/kg wetTriacontane (C30) 1.7

2.000 40-140731.46 mg/kg wetSurrogate: 1-Chlorooctadecane

LCS

0.20 2.000 40-14065mg/kg wet2-Methylnaphthalene 1.29

0.40 2.000 40-14082mg/kg wetAcenaphthene 1.64

0.20 2.000 40-14088mg/kg wetAcenaphthylene 1.77

0.40 2.000 40-14085mg/kg wetAnthracene 1.70

0.40 2.000 40-14087mg/kg wetBenzo(a)anthracene 1.75

0.40 2.000 40-14090mg/kg wetBenzo(a)pyrene 1.79

0.40 2.000 40-14089mg/kg wetBenzo(b)fluoranthene 1.79

0.40 2.000 40-14086mg/kg wetBenzo(g,h,i)perylene 1.72

0.40 2.000 40-14098mg/kg wetBenzo(k)fluoranthene 1.95

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 34.00 40-14086mg/kg wetC11-C22 Unadjusted Aromatics1 29.3

0.40 2.000 40-14093mg/kg wetChrysene 1.86

0.20 2.000 40-14086mg/kg wetDibenzo(a,h)Anthracene 1.73

0.40 2.000 40-14087mg/kg wetFluoranthene 1.73

0.40 2.000 40-14083mg/kg wetFluorene 1.66

0.40 2.000 40-14085mg/kg wetIndeno(1,2,3-cd)Pyrene 1.71

0.40 2.000 40-14074mg/kg wetNaphthalene 1.48

0.40 2.000 40-14085mg/kg wetPhenanthrene 1.69

0.40 2.000 40-14094mg/kg wetPyrene 1.88

2.000 40-140761.53 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140821.65 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140861.71 mg/kg wetSurrogate: O-Terphenyl

LCS

0-5%2-Methylnaphthalene Breakthrough 0.0

0-5%Naphthalene Breakthrough 0.0

LCS Dup

15.0 16.00 2540-14097 6mg/kg wetC19-C36 Aliphatics1 15.5

15.0 12.00 2540-14086 9mg/kg wetC9-C18 Aliphatics1 10.3
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Quality Control Data

 Analyte Result MRL Units

Spike

Level

Source

Result %REC

%REC

Limits RPD

RPD

Limit Qualifier 

MADEP-EPH Extractable Petroleum Hydrocarbons

Batch CD72823 - 3546

0.5 2.000 2540-14059 8mg/kg wetDecane (C10) 1.2

0.5 2.000 2540-14091 4mg/kg wetDocosane (C22) 1.8

0.5 2.000 2540-14065 8mg/kg wetDodecane (C12) 1.3

0.5 2.000 2540-14081 6mg/kg wetEicosane (C20) 1.6

0.5 2.000 2540-14082 6mg/kg wetHexacosane (C26) 1.6

0.5 2.000 2540-14078 7mg/kg wetHexadecane (C16) 1.6

0.5 2.000 2540-14080 6mg/kg wetHexatriacontane (C36) 1.6

0.5 2.000 2540-14083 6mg/kg wetNonadecane (C19) 1.7

0.5 2.000 2530-14049 7mg/kg wetNonane (C9) 1.0

0.5 2.000 2540-14079 7mg/kg wetOctacosane (C28) 1.6

0.5 2.000 2540-14078 6mg/kg wetOctadecane (C18) 1.6

0.5 2.000 2540-14082 6mg/kg wetTetracosane (C24) 1.6

0.5 2.000 2540-14072 7mg/kg wetTetradecane (C14) 1.4

0.5 2.000 2540-14078 6mg/kg wetTriacontane (C30) 1.6

2.000 40-140671.34 mg/kg wetSurrogate: 1-Chlorooctadecane

LCS Dup

0.20 2.000 3040-14063 2mg/kg wet2-Methylnaphthalene 1.27

0.40 2.000 3040-14078 6mg/kg wetAcenaphthene 1.55

0.20 2.000 3040-14086 2mg/kg wetAcenaphthylene 1.73

0.40 2.000 3040-14090 6mg/kg wetAnthracene 1.80

0.40 2.000 3040-14093 6mg/kg wetBenzo(a)anthracene 1.86

0.40 2.000 3040-14092 2mg/kg wetBenzo(a)pyrene 1.84

0.40 2.000 3040-14094 5mg/kg wetBenzo(b)fluoranthene 1.89

0.40 2.000 3040-14089 3mg/kg wetBenzo(g,h,i)perylene 1.78

0.40 2.000 3040-140107 9mg/kg wetBenzo(k)fluoranthene 2.13

15.0 mg/kg wetC11-C22 Aromatics1,2 ND

15.0 34.00 2540-14089 3mg/kg wetC11-C22 Unadjusted Aromatics1 30.3

0.40 2.000 3040-14099 6mg/kg wetChrysene 1.98

0.20 2.000 3040-14090 4mg/kg wetDibenzo(a,h)Anthracene 1.80

0.40 2.000 3040-14091 5mg/kg wetFluoranthene 1.82

0.40 2.000 3040-14089 7mg/kg wetFluorene 1.78

0.40 2.000 3040-14089 4mg/kg wetIndeno(1,2,3-cd)Pyrene 1.77

0.40 2.000 3040-14072 2mg/kg wetNaphthalene 1.44

0.40 2.000 3040-14088 4mg/kg wetPhenanthrene 1.77

0.40 2.000 3040-14096 1mg/kg wetPyrene 1.91

2.000 40-140821.63 mg/kg wetSurrogate: 2-Bromonaphthalene

2.000 40-140831.65 mg/kg wetSurrogate: 2-Fluorobiphenyl

2.000 40-140891.77 mg/kg wetSurrogate: O-Terphenyl

LCS Dup

2000-5%2-Methylnaphthalene Breakthrough 0.0

2000-5%Naphthalene Breakthrough 0.0
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

Notes and Definitions 

U Analyte included in the analysis, but not detected

Sample results reported on a dry weight basis
Relative Percent DifferenceRPD

dry
Analyte NOT DETECTED at or above the MRL (LOQ), LOD for DoD Reports, MDL for J-Flagged AnalytesND

MDL
MRL

Method Detection Limit
Method Reporting Limit

I/V
F/V

Initial Volume
Final Volume

§ Subcontracted analysis; see attached report
1
2
3

Range result excludes concentrations of surrogates and/or internal standards eluting in that range.
Range result excludes concentrations of target analytes eluting in that range.
Range result excludes the concentration of the C9-C10 aromatic range.

Avg Results reported as a mathematical average.
NR No Recovery

LOD Limit of Detection

[CALC] Calculated Analyte

LOQ Limit of Quantitation

DL Detection Limit

SUB Subcontracted analysis; see attached report
Reporting LimitRL

EDL Estimated Detection Limit
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Client Name:  GZA GeoEnvironmental, Inc.
Client Project ID:  123 Pine Street ESS Laboratory Work Order:  1704760

CERTIFICATE OF ANALYSIS

ESS Laboratory
Division of Thielsch Engineering, Inc.

BAL Laboratory
                 The Microbiology Division
                of Thielsch Engineering, Inc.

ESS LABORATORY CERTIFICATIONS AND ACCREDITATIONS

ENVIRONMENTAL

Rhode Island Potable and Non Potable Water: LAI00179

http://www.health.ri.gov/find/labs/analytical/ESS.pdf

Connecticut Potable and Non Potable Water, Solid and Hazardous Waste: PH-0750

http://www.ct.gov/dph/lib/dph/environmental_health/environmental_laboratories/pdf/OutofStateCommercialLaboratories.pdf

Maine Potable and Non Potable Water, and Solid and Hazardous Waste:  RI00002

http://www.maine.gov/dhhs/mecdc/environmental-health/dwp/partners/labCert.shtml

Massachusetts Potable and Non Potable Water: M-RI002

http://public.dep.state.ma.us/Labcert/Labcert.aspx

New Hampshire (NELAP accredited) Potable and Non Potable Water, Solid and Hazardous Waste: 2424

http://des.nh.gov/organization/divisions/water/dwgb/nhelap/index.htm

New York (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: 11313

http://www.wadsworth.org/labcert/elap/comm.html

New Jersey (NELAP accredited) Non Potable Water, Solid and Hazardous Waste: RI006

http://datamine2.state.nj.us/DEP_OPRA/OpraMain/pi_main?mode=pi_by_site&sort_order=PI_NAMEA&Select+a+Site:=58715

United States Department of Agriculture Soil Permit: P330-12-00139

Pennsylvania: 68-01752

http://www.dep.pa.gov/Business/OtherPrograms/Labs/Pages/Laboratory-Accreditation-Program.aspx
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1 35 0 M ain Street

Su ite 1 4 0 0

Sp ringfield,M A 0 1 1 0 3

4 1 3.72 6 .2 1 0 0

w w w .gz a.com

Geotechnical

Environmental

Ecological

W ater

C onstruction
M anagement

Proactiv e b y Des ign

M ay 2 5,2 0 1 7

File N o.1 5.0 1 6 6 5 2 1 .0 0

The Honorab le Alex M ors e

O ffice ofthe M ay or

536 Dw ight Street

Holy oke,M as s achu s etts 0 1 0 4 0

Re: N otice ofPerm anent Solu tion Statem ent W ith N o Conditions (PSN CS)

1 2 3 Pine Street

Holy oke,M as s achu s etts 0 1 0 4 0

Releas e Tracking N u m b er (RTN )1 -2 0 1 1 4

Dear M ay or M ors e:

N otice is hereb y giv en that the City of Holy oke O ffice of Planning and Econom ic Dev elop m ent (“the
City ”) recently filed w ith the M as s achu s etts Dep artm ent of Env ironm ental Protection (M as s DEP), a
Perm anent Solu tion W ith N o Conditions Statem ent (PSN CS)Su b m ittalw ith res p ect to p rop erty that the
City ow ns at 1 2 3 Pine Street, Holy oke, M A (“the Prop erty ”). The p rop erty cons is ts of ap p rox im ately
0 .1 2 6 -acre ofland im p rov ed b y a 1 5,1 0 0 -s q u are foot v acant res identialap artm ent b u ilding.

The PSN CSis filed for the Prop erty p u rs u ant to the Perm anent Solu tion Statem ent (PSSS)p rov is ions of
the M as s achu s etts Contingency Plan (“M CP”)at 31 0 CM R4 0 .1 0 0 0 .

In accordance w ith 31 0 CM R 4 0 .1 4 0 3(3)(f), the City is notify ing y ou ofthe PSSSu b m ittal. A cop y ofthe
PSN CS that the City has filed w ith the M as s DEP is av ailab le on-line throu gh M as s DEP’s electronic file
v iew ing s y s tem , w hich can b e acces s ed at the follow ing U RL:
http ://p u b lic.dep .s tate.m a.u s /w s c_v iew er/m ain.as p x .

Very tru ly y ou rs ,

GZA GEO EN VIRO N M EN TAL,IN C.

Adam Cote,CHM M W illiam N orm an,LSP

As s is tant Project M anager Cons u ltant/Rev iew er

Gu y P.Dalton,LSP

As s ociate Princip al/O ffice M anager

cc:Deb b ie O p p erm ann,M arcos M arrero,City ofHoly oke O ffice ofPlanning and Econom ic Dev elop m ent



1 35 0 M ain Street

Su ite 1 4 0 0

Sp ringfield,M A 0 1 1 0 3

4 1 3.72 6 .2 1 0 0

w w w .gz a.com

Geotechnical

Environmental

Ecological

W ater

C onstruction
M anagement

Proactiv e b y Des ign

M ay 2 5,2 0 1 7

File N o.1 5.0 1 6 6 5 2 1 .0 0

M r.Brian Fitz gerald

City ofHoly oke Board ofHealth

City HallAnnex

2 0 Korean Veterans Plaz a (Room 30 6 )

Holy oke,M as s achu s etts 0 1 0 4 0

Re: N otice ofPerm anent Solu tion W ith N o Conditions Statem ent (PSN CS)

1 2 3 Pine Street

Holy oke,M as s achu s etts 0 1 0 4 0

Releas e Tracking N u m b er (RTN )1 -2 0 1 1 4

Dear M r.Fitz gerald:

N otice is hereb y giv en that the City of Holy oke O ffice of Planning and Econom ic Dev elop m ent (“the
City ”) recently filed w ith the M as s achu s etts Dep artm ent of Env ironm ental Protection (M as s DEP), a
Perm anent Solu tion W ith N o Conditions Statem ent (PSN CS)Su b m ittalw ith res p ect to p rop erty that the
City ow ns at 1 2 3 Pine Street, Holy oke, M A (“the Prop erty ”). The p rop erty cons is ts of ap p rox im ately
0 .1 2 6 -acre ofland im p rov ed b y a 1 5,1 0 0 -s q u are foot v acant res identialap artm ent b u ilding.

The PSN CS is filed for the Prop erty p u rs u ant to the Perm anent Solu tion Statem ent (PSS)p rov is ions of
the M as s achu s etts Contingency Plan (“M CP”)at 31 0 CM R4 0 .1 0 0 0 .

In accordance w ith 31 0 CM R 4 0 .1 4 0 3(3)(f), the City is notify ing y ou ofthe PSN CS Su b m ittal. A cop y of
the PSS that the City has filed w ith the M as s DEP is av ailab le on-line throu gh M as s DEP’s electronic file
v iew ing s y s tem , w hich can b e acces s ed at the follow ing U RL:
http ://p u b lic.dep .s tate.m a.u s /w s c_v iew er/m ain.as p x .

Very tru ly y ou rs ,

GZA GEO EN VIRO N M EN TAL,IN C.

Adam Cote,CHM M W illiam N orm an,LSP

As s is tant Project M anager Cons u ltant/Rev iew er

Gu y P.Dalton,LSP

As s ociate Princip al/O ffice M anager

cc:Deb b ie O p p erm ann,M arcos M arrero,City ofHoly oke O ffice ofPlanning and Econom ic Dev elop m ent
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APPENDIX G
DATA USABILITY AND REPRESENTATIVENESS EVALUATION

Consistent with the requirements of the MCP (310 CMR 40.1056(1)(k) and 40.1056(2)(k)), a
Representativeness Evaluation and Data Usability Assessment (REDUA) was performed to support this
Permanent Solution Statement (PSS) with No Conditions. The REDUA was conducted for the soil data used
for Site characterization.

GZA evaluated the sample results included in three sample delivery groups (SDGs), as shown in Table G-1.
The laboratory reports for three SDGs are included in Appendix D of the PSS GZA is submitting for the Site.
The data used to support the PSS were generated by ESS Laboratory (Cranston, Rhode Island) pursuant to
the MassDEP’s Compendium of Analytical Methods (CAM). As stated in the MassDEP (2010) policy WSC-
CAM-VIIA, to achieve Presumptive Certainty, parties must:

(a) Use the analytical method specified for the selected CAM protocol;

(b) Incorporate all required analytical QC1 elements specified for the selected CAM protocol;

(c) Implement, as necessary, required corrective actions and analytical response actions for all non-
conforming analytical performance standards;

(d) Evaluate and narrate, as necessary, all identified CAM protocol non-compliances; and

(e) Comply with all the reporting requirements specified in WSC-CAM-VII A, including retention of
reported and unreported analytical data and information for a period of ten (10) years.

All analytical results evaluated in this REDUA met the requirements for “Presumptive Certainty,” as
described in MassDEP policy WSC-CAM-VIIA, Quality Assurance and Quality Control Guidelines for the
Acquisition and Reporting of Analytical Data (MassDEP, 2010). CAM Compliant data (data with
“Presumptive Certainty”) are data of known accuracy, precision, and sensitivity. As such, the accuracy,
precision, and sensitivity of CAM Compliant data do not require additional evaluation in an Analytical Data
Usability Assessment.

Minor deficiencies were noted for SDG 1607072 based on the review of the laboratory reports. Surrogate
recovery of 1-chlorooctadecane for BSMT-2 was diluted out. The recoveries of the other three surrogates
were within the CAM limits. Further, soil associated with BSMT-2 has since been removed from the Site
and therefore the BSMT-2 results were not used to characterize the current Site conditions. The soil
samples in SDG 1607072 were collected using 8-oz jars instead of 4-oz glass as specified by the CAM. This
is not expected to significantly impact the EPH and target analyte results. A detailed discussion of the
analytical deficiencies is provided in Table G-2. Based on the review of the laboratory reports, GZA
concluded that the deficiencies would not affect the data usability and that all data identified for the Site
were considered usable to support the Permanent Solution.

Overall, it is GZA’s opinion that the data used to support the site characterization are valid and defensible
to support the Permanent Solution with respect to accuracy, precision, and completeness; furthermore,
these data are sufficiently representative of conditions at the Site and may be used to support the
Permanent Solution.

1 Quality Control.



Table G-1

D ataUsed in RiskC haracterization

123P ine Street

H olyoke,M assachu setts

S D G
1 S ample

ID
2

S ample C ollection
D ate

S ample M atrix L aboratory A nalysis
C A M D ataQ u ality

C ategory
3

160 7 0 7 2 B SM T-2 and B SM T-3 7 /5/2016 Soil ESS EP H and targetanalytes C A M C ompliant

1608 558
123P ine-S-4,123P ine-S-5,123P ine-S-6,and 123

P ine-S-7
8 /18 /2016 Soil ESS EP H and targetanalytes C A M C ompliant

17 047 60 EastExc.B ottom and Exc.C omposite 4/25/2017 Soil ESS EP H and targetanalytes C A M C ompliant

N otes:

1.Sample D eliveryGrou ps (SD Gs)thathave one ormore samples thatare inclu d ed in the d atasetforSite characterization are listed in the table.

2.A llsamples in the SD G u sed forSite characterization are listed .N ote thatthe resu lts forB SM T-2 and 123P ine-S-6 were notu sed to su pportthe Site characterization as associated soilhas since been removed from the Site.

See Table 2 in M assD EP ,200 7 " M C P Representativeness Evalu ations and D ataUsabilityA ssessments" ford ataqu alitycategoryd efinitions.

A bbreviations

L aboratories

3.C A M =C ompend iu m ofQ u alityC ontrolRequ irements and P erformance Stand ard s forSelected A nalyticalP rotocols,W SC -10-320.

EP H =extractable petroleu m hyd rocarbon;M assD EP =M assachu setts D epartmentofEnvironmentalP rotection.

ESS=ESS L aboratory,C ranston,RI.



Table G-2

SUM M A RY O F A N A L Y TIC A L D EFIC IEN C IES FO R C A M -C O M P L IA N T D A TA

123P ine Street

H olyoke,M assachu setts

S D G A nalyticalD eficiency Resu lts A ffected D ataUsable? Rationale

Su rrogate 1-chlorooctad ecane recoveryforB SM T-2 was d ilu ted ou t. The EP H resu lts forB SM T-2. Y es

The othersu rrogate recoveries were within the C A M limits.The associated E P H resu lts were consid ered estimated bu t

u sable.N ote thatsoilassociated withB SM T-2 has been removed and therefore the B SM T-2 resu lts were notu sed to

characterize the cu rrentSite cond itions.

The soilsamples were collected u sing8 -oz jars instead of 4-oz jars requ ired byC A M .
The EP H and targetanalyte resu lts in this

SD G.
Y es The size of the containeris notexpected to significantlyimpactthe analyticalresu lts.

1608 558

16068 09

A bbreviations:

M C P =M assachu setts C ontingencyP lan;EP H =extractable petroleu m hyd rocarbon;SD G=sample d eliverygrou p.

N o analyticald eficiencies were noted .

N o analyticald eficiencies were noted .

C A M =C ompend iu m of Q u alityC ontrolRequ irements and P erformance Stand ard s forSelected A nalyticalP rotocols,W SC -10-320.

160 7 0 7 2
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APPENDIX H

CALCULATION OF SITE- AND CONTAMINANT-SPECIFIC ATTENUATION FACTORS (α) WITH SUPPORTING TABLES 
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C A L C UL A TIO N  O F SITE- A N D  C O N TA M IN A N T-SP EC IFIC  A TTEN UA TIO N  FA C TO RS (α) 

1.00 IN TRO D UC TIO N

A n attenu ation factor, α relates the ind oor air concentration to the soil gas concentration beneath the 
on-Site bu ild ingfou nd ation.GZA u sed the vaportransportmod eld eveloped byJohnson and Ettinger
(1991) to calcu late site-specific attenu ation factors for the bu ild ing located at123 P ine Streetin
H olyoke,M assachu setts. The mod elintegrates site-specific information (i.e.,bu ild ing size and
ventilation rates,and soilcharacteristics)and chemical-specific information (i.e.,d iffu sion throu ghair
and  water).  This A ttachment d escribes how this information was u sed  to calcu late an α for each 
contaminant of concern for the inhalation pathway, and  su bsequ ently, how α was u sed  to estimate 
ind oor air concentrations of volatile constitu ents d etected in soil beneath the on-Site bu ild ing
fou nd ation.

Section 2 d escribes the mod eling assu mptions u sed to calcu late the site-and chemical-specific
attenu ation factors. Section 3 presents the equ ations u sed to calcu late inpu tvalu es forthe mod eling
parameters introd u ced in Section 2. Section 4 presents the equ ation u sed to estimate ind oor air
concentrations based on the attenu ation factor. Section 5 d iscu sses the u ncertainties inherentin the
mod el.

2.00 M O D E L FO R E S TIM A TIN G TH E A TTE N UA TIO N FA C TO RS

The Johnson and Ettinger mod elu sed to d erive the attenu ation factors consid ers a mass balance
whereby the mass transportrate of contaminants in soilgas u nd erthe bu ild ingis equ alto the mass
transportrate throu gh acrack in the basementorfou nd ation slab,which is also equ alto the mass
transportrate into aircircu latingthrou ghthe bu ild ing. The mathematicalmod elcan be d ivid ed into
three primarycomponents.The firstd escribes the d iffu sion of the contaminantfrom soilgas u nd erthe
bu ild ing to soilgas beneath the fou nd ation (see Section 2.10). The second componentmod els
transportfrom the soilgas into the bu ild ings (see Section 2.20),and the third d ilu tes the mass flow
throu ghthe crackbythe bu ild ingairexchange rate (see Section 2.30).

2.10 D IFFUSIV E TRA N SP O RT FRO M TH E SO URC E TO SO IL B EN EA TH TH E
STRUC TURE

The d iffu sion of acontaminantfrom soilgas u nd erthe bu ild ingto the fou nd ation is presented in the
following equ ation (Equ ation 11 from Johnson and Ettinger) and d escribed graphically in the
followingFigu re 1 (ad apted from Johnson and Ettinger).
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E 1 =A B C F(C sou rce -C soil)D T
eff/L T

where,
E 1 = the mass-transportrate toward the stru ctu re (g/s),
A B = the cross-sectionalareathrou ghwhichthe vapors pass (m2),
C sou rce = the vaporconcentrationatthe contaminantsou rce (g/cm3),
C soil = the vaporconcentrationbeneaththe stru ctu re (g/cm3),
L T = the d istance from contaminantsou rce tofou nd ation(cm),
D T

eff = the " overall" effective porou s med ia d iffu sion coefficient based on vapor phase
concentrations forthe regionbetweenthe sou rce and the fou nd ation(cm2/s),and

C F = u nits conversionfactor(10,000 cm2/m2).

This is abasic d iffu sion equ ation of the type D δc/δxA ,where D is the d iffu sion coefficientbased on
the effective valu e forthe contaminantd iffu sion throu gh u nsatu rated soil(Equ ations 4 and 5 from
Johnson and  Ettinger), δc/δx  is the concentration grad ient, and  A  is the cross-sectional area. 

Section 3presents the equ ations u sed to calcu late inpu tvalu es forthese mod elingparameters.

L T
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2.20 TRA N SP O RT FRO M SO IL GA S IN TO B UIL D IN G

The following equ ation (Equ ation 14 from Johnson and Ettinger) pred icts the entry rate of a
contaminantthrou ghacrackwherebythe concentration u nd erthe fou nd ation is C soil,the concentration
in the bu ild ingis C bu ild ing,and constantvelocity occu rs throu ghthe crack.Transportof contaminants
from soilgas u nd erafou nd ation is assu med to occu rby acombination of convective and d iffu sive
transportmechanisms.C onvection,in this instance,is d efined as movementof contaminantmass with
the flow of the movingair.D iffu sion,in this case,is d efined as the movementof contaminantmass
d u e to aconcentration grad ient.The stead y-state,one d imensionalsolu tion forvaportransportthrou gh
acrack(orporou s med iu m)withaconstantu niform convective velocity(Q soil/A crack)is u sed to pred ict
the totalrate ofcontaminantintru sion into abu ild ing.

E 2 =(Q soil)(C soil)-[Q soil(C soil-C bu ild ing)/[(1 -exp(Q soilL crack/D crackA crack C F)] ]
where,

E 2 = entryrate ofcontaminantinto the bu ild ing(g/s),
Q soil = convective volu metric flow rate ofsoilgas into the bu ild ing(cm3/s),
C soil = soilgas contaminantconcentration (g/cm3),
C bu ild ing= contaminantvaporconcentration in the bu ild ing(g/cm3),
L crack = thickness ofthe fou nd ation (cm),
D crack = effective vapor-pressu re d iffu sion coefficientthrou ghthe crack(cm2/s),
A crack = areaof cracks oropenings throu ghwhichcontaminantvapors enterthe bu ild ing

(m2),and
C F = u nits conversion factor(10,000 cm2/m2).

Section 3presents the equ ations u sed to calcu late inpu tvalu es forthese mod elingparameters.

2.30 IN D O O R C O N TA M IN A N T V A P O R C O N C EN TRA TIO N

The flu x of contaminantenteringthe bu ild ingthrou ghthe crackis d ilu ted onlybythe ventilation of air
exchanged in the bu ild ing. UsingEqu ation 17 from Johnson and Ettinger,whichassu mes no other
contaminantsinks (su chas walls orfu rnitu re),

E 3 =Q bu ild ing C bu ild ing

where,
E3 = the mass transportrate of contaminantvapors circu latingthrou ghthe bu ild ing

(g/s),
Q bu ild ing= the ventilation rate in the basementorbu ild ing(cm3/s),and
C bu ild ing= the concentration ofthe contaminantin the vaporin the bu ild ing(g/cm3)

Usingthe three d ifferentequ ations forE 1,E 2,and E3 presented in preced ingsections of this append ix
resu lts in an equ ation forthe attenu ation factor(presented as Equ ation 21 in Johnson and Ettinger)that
consid ers the followingrelationship:
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E 1 =E 2 =E3

where,
E 1 = the mass-transportrate toward the stru ctu re (g/s)(see Section 2.10)
E 2 = the entryrate ofcontaminantinto the bu ild ing(g/s)(see Section 2.20)
E3 = the flow rate ofcontaminantin the bu ild ingair(g/s)(see Section 2.30)

orthatthe mass transportrate from the contaminantsou rce is equ alto the mass flu x of contaminants
throu gh the crack into the bu ild ingwhich is also equ alto the flow rate of contaminants leavingthe
bu ild ing.The attenu ation factoru sed to estimate the correlation between contaminants in the soilgas
beneath the bu ild ing and contaminants insid e a bu ild ing above the soilgas may be expressed as
C bu ild ing/C sou rce,and is based on arelationshipbetween three d imensionless grou ps of variables. Itis
this correlation thatGZA mod els in the followingsections.

Section 3presents the equ ations u sed to calcu late inpu tvalu es forthese mod elingparameters.

3.00 M O D E L P A RA M E TE RS

The intentof the Johnson and Ettingermod elis to estimate the concentration of contaminants that
cou ld volatilize into ind oorairu singattenu ation factors thatare calcu lated from parameters specific to
the site bu ild ing,the site hyd rogeology,and the chemicals d etected atthe site. Equ ation parameters
and  the valu es u sed  in calcu lating the site-specific attenu ation factor α for each contaminant of concern 
atthe site bu ild ingare shown in Tables 1 thou gh3.

3.10 C A L C UL A TIO N O FEFFEC TIV E P O RO US M ED IA D IFFUSIO N C O EFFIC IEN T

The firstpartof the mod elcalcu lates the " overall" effective porou s med iu m d iffu sion coefficient(D t).
The inpu tparameters forthis partof the calcu lation are related to the type of soilatthe site and the
d iffu sion properties of the contaminants.(Site-specific valu es forthese parameters are shown in Table
1.) Theyare interrelated accord ingto the followingrelationships taken from Equ ations 4 throu gh7 in
Johnson and Ettinger:

D t=D waterm
3.33/T

2

where,
D t = Effective porou s med iu m d iffu sion coefficient
D water = M olecu lard iffu sivityin water.(cm2/sec)
m = M oistu re filled porosity,and
T = Totalsoilporosity.

D t =D airv
3.33/T

2

where,
v = V aporfilled porosity,
D air = M olecu lard iffu sivityin air(cm2/sec),and
T = v +m.
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A d d itionally,
m =mb

where,
b = D rysoilbu lkd ensity(g/cm3)
m = M oistu re content,watervolu me/d ry soilweight (g H 2O /g soilorcm3 H 2O /g

soil)
m = M oistu re filled porosity

and ,

v =T -mb

3.20 C A L C UL A TIO N O FC O N V EC TIV E SO IL GA S FL O W RA TE

The second componentof the mod elcalcu lates the vaporflow (Q soil)throu ghthe hypotheticalcrackin
the bu ild ingfou nd ation,u singEqu ation 24 from Johnson and Ettinger,where:

Q soil = 2πP kvX crack C F/µln [Z crack/rcrack] ,

where,rcrack/Z crack<<1,and

P = P ressu re d ifference between sou rce and ind oorair(P a)
(assu med to be 1 P a,equ ivalentto 110-5 atm or10 g/cm-s2),

kv = Soilintrinsic permeability(cm2),
X crack = Totalbasementcracklength.Unless measu rements are mad e ofeachcrack

in the bu ild ing,the entire wall/fou nd ation seam perimeteris u sed .(m),
µ = V apord ynamic viscosity(g/cm-s),
Z crack = D epthfrom grou nd su rface to crack(m),
rcrack = Rad iu s ofbasementcracksu chthatrcrack=A B /2X crack(m)

(N ote thatthe 2 in the d enominatorthatmakes this arad iu s is in Equ ation 24
in Johnson & Ettinger.),

A B = Fou nd ation soilcontactarea(m2)
(d oes notexplicitlyappearin the equ ation),

 = Ratio ofA crack/A B ,where A crackis the open areaofthe basementcrack,and
C F = u nits conversion factor(100 cm/m).

Site-specific valu es forthese parameters are shown in Table 2.

3.30 IN D O O R C O N TA M IN A N T V A P O R C O N C EN TRA TIO N

The finalpartof the mod eld ilu tes the flu x of contaminantenteringthe bu ild ingby the airexchange
rate in the bu ild ing(See Table 3.)

The mod elcombines three d imensionless variable grou ps thatwe have d efined as A ,B ,and C .The
variable grou ps combine manyofthe factors d iscu ssed previou slyand are presented below.
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A = Q soilL crack/D crackA crack (where A is equ ivalentto the P ecletnu mber;highervalu es for
A ind icate ahighertend encyforconvection transportto d ominate overd iffu sion.)

B = D tA B C F/Q bu ild ingL t(where B is an attenu ation factorford iffu sion d ominated
transport.)

C = Q soil/Q bu ild ing(where C is ad ilu tion factor.)

The attenu ation factor, α, is then calcu lated  by the following from Equ ation 21 presented  in Johnson 
and Ettinger:

α = B eA /[eA +B +B /C (eA -1)]

The inpu tparameters forthis partofthe calcu lation inclu d e:
Q soil = V aporflow throu ghthe hypotheticalcrackin the bu ild ingfou nd ation (cm3/s)(eq.24),
L crack = Fou nd ation thickness (cm),
D crack = V apord iffu sion coefficientthrou ghthe crack(cm2/s),
A crack = The open areaofthe basementcrack(cm2),
D t = Effective porou s med iu m d iffu sion coefficient(cm2/s),
A B = Fou nd ation soilcontactarea(m2),
Q bu ild ing= V entilation rate in the bu ild ingorbasement(cm3/s),
L T = D istance from contaminantsou rce to fou nd ation (cm),
e = 2.7 18 ,and
C F = u nits conversion factor(10,000 cm2/m2).

4.00 UN C E RTA IN TIE S

The u ncertainties associated with the mod elare related to the representativeness of the assu mptions
mad e.The greaterthe assu mptions d eviate from the actu alcond itions,the lowerthe reliability of the
mod el.W hile errors in assu mptions abou toverallairexchange rates maybe significant,itis likelythat
these errors wou ld err on the sid e of protection of pu blic health. D ifficu lties with the mod el
implementation are ofless significance than mod estchanges in airexchange rates,forexample.

The mod elis conservative in thatitis likely to prod u ce higherairconcentrations than those thatmay
eventu allyoccu r.Itis sensitive to variations in permeabilityand bu ild ingventilation.Sinkorremoval
mechanisms su ch as wall and su rface ad sorption or absorption,which wou ld red u ce airborne
contamination,have notbeen inclu d ed in this mod el. The d egree of removalwou ld be chemical-
d epend ent,withthe more reactive compou nd s preferentiallyremoved ;d ataare notavailable regard ing
how mu chofeachcompou nd wou ld be lost.

GZA 's mod el compu tations were verified  against the valu e of α (5  10-4)in Figu re 4 (in Johnson and
Ettinger)forapermeability of 10-7 cm2 and =0.001.The otherinpu tparameters are id entified in the
Johnson and Ettingerpaperand the M assD EP (2014)D evelopmentof M C P Risk-B ased L evels for
Soiland Grou nd water.
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File N o.

P age 1 of1

5/24/20 1 7TA B L E H -1
C A L C UL A TIO N O F "O VERA L L " EFFEC TIVE P O RO US M ED IA D IFFUS IO N C O EFFIC IEN T

123 P ine S treet
H olyoke, M as s ac hu s etts

"O verall"

M olec u lar Vapor M olec u lar W ater Effec tive

C ons titu ent D ry S oil Total M ois tu re Vapor D iffu s ivity P orou s M ed ia D iffu s ivity P orou s M ed ia P orou s M ed ia

B u lkD ens ity
1

P oros ity
1

Filled Filled in A ir
2

D iffu s ion C oeff.
3

in W ater
2

D iffu s ion C oeff.
3

D iffu s ion C oeff.
3

(g/c m ³) P oros ity
1

P oros ity
1

(c m ²/s ) (c m ²/s ) (c m ²/s ) (c m ²/s ) (c m ²/s )
gd nt nm nv D air D v D water D m D t

C 1 1-C 22 A rom atic Frac tion 1 . 66 0 . 37 5 0 . 0 54 0 . 321 0 . 0 60 9. 7 0 E-0 3 1 . 0 E-0 6 4. 2 7 E-10 0 . 0 0 97
C 19-C 36 A liphatic Frac tion 1 . 66 0 . 37 5 0 . 0 54 0 . 321 N A N A N A N A N C
C 9-C 1 8 A liphatic Frac tion 1 . 66 0 . 37 5 0 . 0 54 0 . 321 0 . 0 7 0 1 . 13E-0 2 5. 0 E-0 6 2 . 14E-0 9 0 . 0 11

N otes :
1 . The valu e fors and was ad opted from US EP A 's Johns on and Ettinger(1991)M od elforS u bs u rfac e VaporIntru s ion into B u ild ings (S L -A D V-Feb0 4. xls ), Febru ary, 2 0 0 4.
2 . C ontam inant-s pec ific valu es were ad opted from M as s D EP (20 14)D evelopm entofM C P Ris k-B as ed L evels forS oiland Grou nd water.

N A =N otA vailable; N C =N otC alc u lated .

3. D iffu s ion c oeffic ientwas c alc u lated perEqu ations 3 throu gh5 in the Johns on and Ettinger(1991)H eu ris tic M od elforP red ic tingthe Intru s ion Rate ofC ontam inantVapors Into B u ild ings :

D v =D air* nv
3. 33

/nt
2
; D m =D water* nm

3. 33
/nt

2
; D t=D air* nv

3. 33
/nt

2
+D water/H * nm

3. 33
/nt

2
, where H =H enry's L aw C ons tant.

J: \0 16650 0 -0 166599\15. 0 166521 . 0 0 1 23 P ine S treetP has e IES A \Reports \FinalReport\P S S \A ppend ic es \A ppend ix H \166521 A ttenu ation Fac tor. XL S \D IFFUS
Q A : D ate:



File N o.

P age 1 of1

5/24/20 1 7

TA B L E H -2
C A L C UL A TIO N O F VO L UM ETRIC FL O W RA TE O F S O IL GA S IN TO TH E B UIL D IN G

123 P ine S treet
H olyoke, M as s ac hu s etts

D epthof

Fou nd ation Total Rad iu s of Enc los ed P res s u re D ifferenc e Vapor Volu metric Flow

S oilC ontac t C rac k S pac e S ou rc e to Ind oorA ir
6 S oilIntrins ic D ynamic Rate ofS oilGas

A rea
1

n
2 A rea C rac kL ength

3
C rac k

4
B elow Grad e

5 1 P a =10 g/c m-s ² P ermeability
7

Vis c os ity
8

into B u ild ing
9

(m²) (m²) (m) (c m) (m) (P a) (c m²) (g/c m-s ) (c m³/s )

A b A c r/A b A c rac k Xc rac k r_c r Zc rac k d P k_v u Q soil

442 0 . 0 0 1 0 . 44 67 0 . 7 2 . 44 4 1 . 0 E-0 7 1 . 8 E-0 4 142

N otes :

1 . Fou nd ation S oilC ontac tA rea (A b)is bas ed on approximate area expos ed to s oil, i. e. , the footprintofthe bu ild ing.

2 . n =A c rac k/A b, as s u med to be 0 . 0 0 1 . A c c ord ingto the US EP A 's Us er's Gu id e forEvalu atingS u bs u rfac e VaporIntru s ion into B u ild ings (20 0 4),

the bac k-c alc u lated valu es fora s lab/walled ge c rac kbas ed on s oilgas -entryrates reported in N azaroff(1992), Revzan etal. (1991), and N azaroffetal. (198 5)

range from approximately0 . 0 0 0 1 to 0 . 0 0 1 .

3. TotalC rac kL ength(Xc rac k)is bas ed on the approximate totalfloor/walls eam perimeterd is tanc e ofthe bu ild ing.

4. Rad iu s ofc rac k(r_c r)=A c rac k/Xc rac k.

5. The d epthofthe bas ementwas u s ed as the d epthofthe enc los ed s pac e below grad e.

6. P res s u re D ifferenc e (S ou rc e to Ind oorA ir)is as s u med to be 4 P a (M as s D EP , 2 0 13).

7 . S oilIntrins ic P ermeabilityforthis s ite withfine to c oars e s and and s ome fine to med iu m gravelis as s u med to be 1 . 0 E-0 7 c m 2

from Johns on & Ettinger, 1991 table forfine to med iu m s and .

8 . VaporD ynamic Vis c os itywas as s u med to be 1 . 8 E-0 4 g/c m-s (Johns on & Ettinger, 1991).

A bbreviations :

c m 2 =s qu are c entimeter; m 2 =s qu are meter; m =meter; c m =c entimeter; s =s ec ond ; g=gram ; s 2 =s qu are s ec ond ; c m 3 =c u bic c entimeter; P a =P as c al.

9. The followingequ ation was u s ed to c alc u late the volu metric flow rate ofs oilgas into the bu ild ingas in Equ ation 15 ofthe US EP A 's Us er's Gu id e forEvalu ating

S u bs u rfac e VaporIntru s ion into B u ild ings (20 0 4): Q s oil=2* π* d P * k_v* X c rac k/(u * ln(2 * Zc rac k/r_c r))

J: \0 16650 0 -0 166599\15. 0 166521 . 0 0 1 23 P ine S treetP has e IES A \Reports \FinalReport\P S S \A ppend ic es \A ppend ix H \166521 A ttenu ation Fac tor. XL S \Q S O IL
Q A : D ate:



File No.

P age 1 of1

5/2 4/2 0 1 7

TA B L E H -3

C A L C UL A TIO N O F C O N TA M IN A N T-S P EC IFIC A TTEN UA TIO N FA C TO RS

123 P ine S treet

H olyoke, M as s ac hu s etts

D is tanc e from Effec tive Vapor- A ttenu ation

"O verall" Effec tive Fou nd ation B u ild ing C ontaminant Volu metric Flow P res s u re D iffu s ion B as ement A d vec tive D iffu s ion fac tor=

P orou s M ed ia S oilC ontac t Ventilation S ou rc e to Rate ofS oilGas Fou nd ation C oeffic ientThrou gh C rac k D ominated C ons tant D ominated Q s oil/Q bu ild ing C bu id ling/

D iffu s ion C oeff. A rea Rate
1

Fou nd ation
2

into B u ild ing Thic knes s
3

the C rac k A c r/A b A rea =Effec tive P ec let C ons tant
5

C s ou rc e
6

(c m²/s ) (m²) (c m³/s ) (c m) (c m³/s ) (c m) (c m²/s ) (m²) N u mber
4

D t A b Q bu ild ing L t Q soil L c rac k D c rac k n A c rac k A B C alpha

C 11-C 22 A romatic Frac tion 9. 7 0 E-0 3 442 8 . 5E+0 4 122 1 . 4E+0 2 15 9. 7 0 E-0 3 0 . 0 0 1 0 . 442 49. 55 4. 14E-0 3 1 . 67 E-0 3 1 . 19E-0 3

C 19-C 36 A liphatic Frac tion N C 442 8 . 5E+0 4 122 1 . 4E+0 2 15 N C 0 . 0 0 1 0 . 442 N C N C 1 . 67 E-0 3 N C

C 9-C 1 8 A liphatic Frac tion 1 . 13E-0 2 442 8 . 5E+0 4 122 1 . 4E+0 2 15 1 . 13E-0 2 0 . 0 0 1 0 . 442 42 . 47 4. 8 3E-0 3 1 . 67 E-0 3 1 . 24E-0 3

N otes :

1 . B u ild ingventilation rate (Q bu ild ing)is bas ed on the approximate volu me ofone floorofthe bu ild ingas s u mingan 8 -footc eilingand 0 . 45 airc hange perhou r.

2 . D is tanc e from C ontaminantS ou rc e to Fou nd ation (L t)is bas ed on the d epthfrom s lab to s oils ou rc e (as s u med 4 feet).

3. Fou nd ation Thic knes s (L c rac k)is thic knes s ofs lab whic his as s u med to be 6 inc hes or15 c m .

4. The followingeq u ation was u s ed to c alc u late the effec tive P ec letnu mberas in Eq u ation 17 ofthe US EP A 's Us er's Gu id e forEvalu atingS u bs u rfac e VaporIntru s ion into B u ild ings (20 0 4): A =Q s oil* L c rac k/(D c rac k* A c rac k)

5. The followingeq u ation was u s ed to c alc u late the d iffu s ion d ominated c ons tantas in Eq u ation 18 ofthe US EP A 's Us er's Gu id e forEvalu atingS u bs u rfac e VaporIntru s ion into B u ild ings (20 0 4): B =D t* A b/(Q bu ild ing* L t)

6. The followingeq u ation was u s ed to c alc u late alpha as in Eq u ation 13 ofthe US EP A 's Us er's Gu id e forEvalu atingS u bs u rfac e VaporIntru s ion into B u ild ings (20 0 4): alpha =B * EXP (A )/(EXP (A )+B +B /C * (EXP (A )-1))

A bbreviations :

c m
2

=s q u are c entimeter; m
2

=s q u are meter; c m
3

=c u bic c entimeter; c m =c entimeter; s =s ec ond .
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TA B L E H -4

ES TIM A TIN G S O IL GA S C O N C EN TRA TIO N S FRO M S O IL C O N C EN TRA TIO N S
123 P ine S treet

O rganic C arbon S oil S ou rc e Es timated

S oil H enry's L aw D ryS oil S oilW ater S oilVapor P artitioning O rganic C arbon S oilgas A ttenu ation D ilu tion Ind oorA ir

C ons titu ent C onc entration 1 C ons tant2 B u lkD ens ity3 Filled P oros ity3 Filled P oros ity3 C oeffic ient2 Frac tion C onc entration Fac tor Fac tor C onc entration

(mg/kg) (d imens ionles s ) (g/c m 3) (c m 3/c m 3) (c m 3/c m 3) (c m 3/g) (u nitles s ) (µg/m 3) (a) (d ) (µg/m³)

C s oil H gd nm nv Koc foc C s ou rc e C air

C 1 1-C 22 A romatic Frac tion 7 5 0 . 0 3 1 . 7 0 . 0 54 0 . 321 5, 0 12 0 . 0 0 2 224 1 . 19E-0 3 10 2 . 66E-0 2
C 19-C 36 A liphatic Frac tion 58 N A 1 . 7 0 . 0 54 0 . 321 N A 0 . 0 0 2 N C N C 1 0 N C
C 9-C 1 8 A liphatic Frac tion 220 69 1 . 7 0 . 0 54 0 . 321 68 0 , 0 0 0 0 . 0 0 2 11 , 0 53 1 . 24E-0 3 10 1 . 37 E+0 0

The followingequ ation was u s ed to es timate s oilgas c onc entrations bas ed on c onc entrations d etec ted in s oil:

This eq u ation was ad opted from US EP A 's Johns on and Ettinger(1991)M od elforS u bs u rfac e VaporIntru s ion into B u ild ings (S L -A D V-Feb04.xls ),Febru ary,2004.
http: //www. epa. gov/os wer/ris kas s es s ment/airmod el/johns on_ettinger. htm

N otes :
1 . The s oilexpos u re pointc onc entration is the maximu m d etec ted c onc entration from alls oils amples obtained from within the d is pos als ite bou nd aries .
2 . C ons titu ent-s pec ific valu es were obtained from M as s D EP , D evelopmentofM C P Ris kB as ed L evels forS oiland Grou nd water, Febru ary20 14.
3. S oilparameters fors and were ad opted from US EP A 's Johns on and Ettinger(1991)M od elforS u bs u rfac e VaporIntru s ion into B u ild ings (S L -A D V-Feb0 4. xls ), Febru ary, 2 0 0 4.

C s ou rc e =
C s oil* H * gd

nm +(Koc * foc * gd )+(H * nv)

H olyoke, M as s ac hu s etts
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METHOD 3 RISK ASSESSMENT FOR RESIDENT EXPOSED TO CHEMICALS IN INDOOR AIR – MASSDEP SHORTFORM



M ethod 3 RiskA ssessm entforResid entExposed to C hem ic als in Ind oorA ir-S hortform 2012 (sf12ra)

Ind ex

Tab

EP C s Table RA -1 : S elec tc hemic als and enterExpos u re P ointC onc entrations (EP C s ). Es timated ris ks are pres ented to the right.

C Eq Table RA -2 : Eq u ations to c alc u late c anc erris ks .

NC Eq Table RA -3: Eq u ations to c alc u late nonc anc erris ks .

Exp Table RA -4: D efinitions and expos u re fac tors .

C hem Table RA -5: C hemic al-s pec ific d ata.

S pread s heets d es igned by A nd rew Fried mann, M as s D EP

Q u es tions and C omments may be ad d res s ed to:

L yd iaThom pson

M as s ac hu s etts D epartmentofEnvironmentalP rotec tion

O ffic e ofRes earc hand S tand ard s

O ne W interS treet

B os ton, M A 0 2 1 0 8 US A

Telephone: (61 7 )556-1165

Fax: (61 7 )556-10 0 6

Email: L yd ia. Thomps on@ s tate. ma. u s

M as s D EP O RS
C ontac t: L yd ia Thomps on
L yd ia. Thomps on@ s tate. ma. u s
61 7 -556-1165 1 of6 S heet: Ind ex



Resid ent-Ind oorA ir: Table RA -1 S hortForm Vers ion 10 -12

Exposu re P ointC onc entration (EP C ) Vlooku pVers ionv0 315

B ased on Resid entA ges 1-31 (C anc er)and 1-8 (Nonc anc er)
EL C R (allc hem ic als)=

* * D o notinsertord elete any rows* * H I(allc hem ic als)= 1 . 48 E-0 2
C lic kon empty c ellbelow and s elec tO H M u s ingarrow.

O ilor EP C

H azard ou s M aterial (µg/m 3) EL C Rair H Q air

A RO M A TIC S C 11 to C 22 2 . 7 E-0 2 5. 3E-0 4

A L IP H A TIC S C 9 to C 1 8 1 . 4E+0 0 6. 9E-0 3

A RO M A TIC S C 11 to C 22 2 . 7 E-0 2 5. 3E-0 4

A L IP H A TIC S C 9 to C 1 8 1 . 4E+0 0 6. 9E-0 3

M as s D EP O RS
C ontac t: L yd ia Thomps on
L yd ia. Thomps on@ s tate. ma. u s
61 7 -556-1165 2 of6 S heet: E P C s



Resid ent-Ind oorA ir: Table RA -2 Vlooku pVers ionv0 315

Equ ations to C alc u late C anc erRiskforResid ent(A ge 1-31 years) P aram eter Valu e Units

URF O H M s pec ific (µg/m 3)-1

C anc erRiskfrom Inhalation L A D E age/O H M s pec ific µg/m 3

[O H M ]air O H M s pec ific µg/m 3

EL C Rair= L A D E(1-31) * URF EF 1 . 0 0 event/d ay

ED 1 d ay/event

[O H M ]air * EF * ED * EP EP 30 years

A P lifetime A P lifetime 7 0 years
L A D E =

M as s D EP O RS
C ontac t: L yd ia Thomps on
L yd ia. Thomps on@ s tate. ma. u s
61 7 -556-1165 3 of6 S heet: C Eq



Resid ent-Ind oorA ir: Table RA -3 Vlooku pVers ionv0 315

Equ ations to C alc u late Nonc anc erRiskforResid entC hild (A ge 1-8 years)

Nonc anc erRiskfrom Inhalation P aram eter Valu e Units

RfC O H M s pec ific mg/m 3

A D E A D E O H M s pec ific mg/m 3

RfC [O H M ] s oil O H M s pec ific µg/m 3

EF 1 . 0 0 event/d ay

[O H M ]air * EF * ED * EP * C ED 1 d ay/event

A P EP 7 years

C 0 . 0 0 1 mg/u g
A P 7 year

H Q air=

A D E =

M as s D EP O RS
C ontac t: L yd ia Thomps on
L yd ia. Thomps on@ s tate. ma. u s
61 7 -556-1165 4 of6 S heet: N C Eq



Resid ent-Ind oorA ir: Table RA -4 Vlooku pVers ionv0 315

D efinitions and Exposu re Fac tors

P aram eter Valu e Units Notes

EL C R -Exc es s L ifetime C anc erRis k c hemic als pec ific d imens ionles s

URF -UnitRis kFac tor c hemic als pec ific (µg/m3)-1
s ee Table RA -5

L A D E -L ifetime A verage D aily Expos u re c hemic als pec ific µg/m3
s ee Table RA -2

H Q -H azard Q u otient c hemic als pec ific d imens ionles s

RfC -Referenc e C onc entration c hemic als pec ific mg/m3
s ee Table RA -5

A D E -A verage D aily Expos u re c hemic als pec ific mg/m3
s ee Table RA -3

EP C -Expos u re P ointC onc entration c hemic als pec ific µg/m3
s ee Table RA -1

EF -Expos u re Freq u enc y 1 . 0 0 event/d ay

ED -Expos u re D u ration 1 d ay/event

EP (1-8 )-Expos u re P eriod age grou p1-8 (nonc anc er) 7 years

EP (1-31)-Expos u re P eriod forage grou p1-31 (c anc er) 30 years

A P (nonc anc er)-A veragingP eriod fornonc anc er 7 years

A P (lifetime)-A veragingP eriod forlifetime 7 0 years

M as s D EP O RS
C ontac t: L yd ia Thomps on
L yd ia. Thomps on@ s tate. ma. u s
61 7 -556-1165 5 of6 S heet: Exp



Resid ent-Ind oorA ir: Table RA -5 Vlooku pVers ionv0 315

C hem ic al-S pec ific D ata

O ilor URF RfC

H azard ou s M aterial (u g/m 3)-1 m g/m 3

A RO M A TIC S C 1 1 to C 22 5. 0 0 E-0 2

A L IP H A TIC S C 9 to C 1 8 2 . 0 0 E-0 1

A RO M A TIC S C 1 1 to C 22 5. 0 0 E-0 2

A L IP H A TIC S C 9 to C 1 8 2 . 0 0 E-0 1

M as s D EP O RS
C ontac t: L yd ia Thomps on
L yd ia. Thomps on@ s tate. ma. u s
61 7 -556-1165 6 of6 S heet: C hem
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