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Mr. Joe Rogers

Michigan Department of Environment, Great Lakes and Energy
Technical Support Unit

Hazardous Waste Section

Materials Management Division

Lansing District Office

Constitution Hall

525 West Allegan Street

Lansing, MI 48909

Subject: Response to EGLE Comments on the RCRA Corrective Action Facility Work Plan;
Former Hayes Lemmerz; Ferndale Michigan.
MID 041 803 123
Waste Data System Number 395519
1600 West 8 Mile Road
Ferndale, Michigan

Dear Mr. Rogers,

TRC Environmental Corporation (TRC) is submitting this Response to Comments on the RCRA
Corrective Action Facility Work Plan for the Former Hayes Lemmerz facility located at 1600 West Mile
Road, Ferndale (Site) on behalf of Axle Holdings 1, LLC (Detroit Axle). As you are aware, TRC has
since been retained by Detroit Axle to provide environmental consulting services for the subject Site
moving forward.

The former consultant, Atlas Technical Consultants LLC (Atlas), submitted the RCRA Corrective Action
facility Investigation Work Plan (Work Plan) for the Former Hayes Lemmerz Site to EGLE for approval
on February 17, 2022. The EGLE replied to the submittal with comments in a letter dated July 7, 2022
(EGLE Comments). The following discussion documents the EGLE comments in bold followed by
TRC'’s responses to those comments which reference the changes made in the enclosed Revised Work
Plan.

1. General Comments:

a. The RFI Work Plan must be revised to provide the name and number of each included
Standard Operating Procedure (SOP) in the Table of Contents.

The name and number of each TRC SOP has been added to the table of contents.

b. The RFI Work Plan must be revised to include the project Health and Safety Plan as
an Appendix so EGLE can review and become familiar with it.

The Site HASP has been referenced in Section 5.4 and provided as Appendix B.
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c. It should be noted that the MMD accepts the concept of implementing the
investigation over time in the "margins", and "areas", with the following
modifications:

i. The RFI Work Plan must be revised to provide a table summarizing the proposed
schedule by area. The schedule must also be revised to provide for a one
quarter (three month) staggered implementation between “margins” and/or
“areas”, rather than the two quarters (six month) staggered implementation
proposed.

A table with the proposed schedule has been added to Section 5.2. The schedule has been
modified to have a three-month staggered implementation between margins or areas, rather
than six months.

ii. It should be recognized that the proposed schedule may need to be adjusted
based on the discovery of any release that poses an exposure risk to human
health or the environment during the work. This includes the eastern area vapor
intrusion work currently underway. Depending on the results of the
investigation, implementation of interim remedial measures may be necessary.

A notation regarding the potential updates to the schedule based on the findings during the
investigations or discovery of a new release has been added to Section 5.2.

iii. Implementation of the “Site-Wide Items for Investigation” is recommended to be
implemented relatively early in the investigation so that results from this phase
of the investigation can be considered in the investigation of the other
“margins” and areas”.

The Site Wide Investigation has been proposed to be completed during the Southern Area
Investigation, to begin in 3Q/4Q 2022.

d. The RFI Work Plan must be revised to specify that, as part of all investigations where
borings are planned to be extended down to the base of the upper sand unit, contact
with the underlying clay unit will be confirmed as part of the boring rather than
drilling to a pre-specified depth thought to represent the base of the sand unit.

Updates have been made to the proposed monitoring well depths to require the installation of
the monitoring wells to the base of the sand unit and the top of the clay unit.

e. The RFlI Work Plan must be revised to provide for additional monitoring wells
screened at the base of the sand unit in any waste management unit or area of
concern (AOC) where chlorinated organics, or denser than water compounds have
been previously detected in soil and/or groundwater.
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Updates have been made to the proposed monitoring well depths to require the installation of
the monitoring wells to the base of the sand unit and the top of the clay unit in areas with
chlorinated organics. In AOCs 1, 2, 4 and 17, the planned assessment has been modified to
include the installation of nested sets of monitoring wells (provided there is enough vertical
space in the sand layer to accommodate both a shallow and a deep nested well) instead of a
singular well, with a shallow and deep monitoring well at each set to address the full overburden
column at the request of EGLE.

f. The MMD requests that Atlas provide us with a minimum of two-weeks’ notice prior to
the implementation of any field work so that MMD can arrange to be on site to
observe and/or collect split samples if desired.

Updates have been made to the proposed schedule in Section 5.2 indicating a two weeks’
notice shall be provided to the MMD by TRC prior to implementing any work.

g. The Part 111 program is currently authorized by the United States Environmental
Protection Agency to implement the September 28, 2012, Part 201, Environmental
Remediation (Part 201), of the NREPA, criteria. The RFI investigation work should
proceed utilizing these criteria. A copy of the 2012, Part 201 criteria is attached to this
letter.

The RFI will proceed using the Part 201 Criteria as referenced in Table 2.
2. Section 4.1; Site Investigation and Parameter List:

a. The RFI Work plan must be revised to provide for the full list of Part 201 analytical
parameters, including per- and polyfluoroalkyl substances (PFAS) compounds, and
polychlorinated biphenyls (PCB) as part of initial sampling events for a given unit or
AOC where the use/characterization of the unit/AOC is not well defined. Based on
initial sampling results, it may be possible to narrow the analytical parameter list
down; however, due to the large amount of uncertainty related to former activities at
the site, the MMD does not support preemptively limiting the investigation.

In addition to the full list of Part 201 VOCs, SVOCs and Metals, each area will include initial
sampling for PCBs and PFAS (currently 31 compound list) in soil and groundwater during this
initial round of investigation.

b. The RFI Work Plan must be revised to provide for data comparison to ALL cleanup
criteria for all exposure pathways. Exposure risks may be eliminated based on use
scenarios after this comparison, but locations where exceedances of Residential
Criteria occur must be defined so that appropriate institutional controls or perimeter
monitoring (in the case of groundwater) can be instituted.
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Section 4.1 of the RFI Work plan has been revised to indicate the results will be compared to all
clean up criteria and for all exposure pathways. The Site RFI media will be compared to
residential and nonresidential part 201 generic clean up criteria, and the eastern boundary
samples will be compared to residential part 201 clean up criteria. After the initial round of
sampling, we reserve the opportunity to narrow the analytical parameter list.

3. Section 4.3.1; AOC 2 - SWMU 2 — Former Burial Area:

a. The RFI Work Plan must be revised to clarify the initial sentence of the second
paragraph (below the bullets) in the Groundwater Constituents of Concern Section
that states: “Further delineation of SVOCS (e.g., PNAs and tetrahydrofuran) in soil,
testing for COCs potentially associated with the reported buried laboratory wastes,
and physical and chemical characterization and vertical and horizontal delineation of
potential groundwater impacts in the form the objective for this AOC investigation”.
This sentence is unclear.

This paragraph has been removed from section 4.3.1 as the additional investigation
recommended and the rationale is thoroughly described in the Planned Assessment Section.

b. The RFI Work Plan must be revised to clarify the first sentence of the second
paragraph of the Planned Assessment Section that states: “Additional planned
assessment work includes the installation of a nested pair of monitoring wells (one
set within the shallow overburden and one set within the deeper section of the
overburden) at the down-gradient edge of the AOC to vertically profile the
groundwater within this area. Screened interval for each well is anticipated at
approximately 8-13 feet bgs for shallow and 20 - 25 feet bgs for deep. Soil samples
will also be collected from well borings.” These sentences are unclear, are one or two
pair of nested wells being proposed? The MMD recommends a minimum of two
nested pair of wells in order to adequately characterize and define the horizontal and
vertical nature and extent of contamination.

The RFI work plan has been updated to include the installation of two nested sets of wells (two
sets with both shallow and deep screened monitoring wells) in AOC 2, provided there is enough
vertical space in the sand layer to accommodate a shallow and a deep nested well.

c. The RFI Work Plan must be revised to clarify the basis and decision logic for
determining which “select” samples will be analyzed for tetraethyl lead.

The RFI work plan has been updated to include the sampling for tetraethyl lead in groundwater
samples collected from AOC 2 proposed in this work plan. The term select samples has been
removed.
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4.

Section 4.3.3; AOC 17 — EMI Interference: The RFI Work Plan must be revised to clarify
the first two sentences of the second paragraph of the Planned Assessment Section that
state: “Additional planned assessment includes installation of two monitoring wells.
Specifically, monitoring wells that are vertically screened to the base of the sand unit (at
a depth exceeding 10 feet bgs, which indicates sand extending to this depth with no clay
interface encountered at soil borings PSB-132) will be installed in the central and
southeastern portions of this area.”. These sentences are unclear, what is the depth of
the screened interval for the wells being proposed? The MMD recommends that due to
the unknown nature of the contaminants potentially present, that nested wells with five-
foot screens be installed in order to investigate the entire saturated thickness of the
saturated unit.

The RFI work plan has been updated to include the installation of two nested sets of wells in
AOC 17 (two sets with both shallow and deep screened monitoring wells), provided there is
enough vertical space in the sand layer to accommodate a shallow and a deep nested well)

Section 4.4.1; AOC 1— SWMU 1 - Former Drum Storage Area: The RFI Work Plan must be
modified to clarify the depth(s) of the screened interval for the planned monitoring wells.
The MMD recommends that, due to the unknown nature of the contaminants potentially
present, nested wells with five feet screens be installed in order to investigate the entire
saturated thickness of the saturated unit.

The RFI work plan has been updated to include the installation of three nested sets of wells in
AOC 1 (three sets with both shallow and deep screened monitoring wells), provided there is
enough vertical space in the sand layer to accommodate a shallow and a deep nested well.

Section 4.4.2; AOC 4 — SWMU 4: The RFI Work Plan must be modified to clarify the
depth(s) of the screened interval for the planned monitoring wells. The MMD
recommends that, due to the unknown nature of the contaminants potentially present,
nested wells with five-foot screens be installed in order to investigate the entire
saturated thickness of the saturated unit.

The RFI work plan has been updated to include the installation of two nested sets of wells in
AOC 4 (three sets with both shallow and deep screened monitoring wells), provided there is
enough vertical space in the sand layer to accommodate a shallow and a deep nested well.

Section 4.5; Northeastern Area: The RFI Work Plan must be revised to clarify the third
sentence of the second paragraph of this Section that states: “Atlas’ work completed to
address the eastern boundary concerns are further described in Sections 4.3”. A
description of work completed to address the eastern boundary concerns was not found
in Section 4.3.
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The section has been modified to state the following: “The work completed to address the
eastern boundary concerns are further described in the April 2022 RCRA Interim Work Plan
Investigation Report — Eastern Site Boundary Report”.

8. Section 6.1; Test Pits: The RFI Work Plan must be revised to provide additional
description regarding how any removed containers will handled, temporarily stored, and
disposed of. The MMD recognize the Work Plan proposes that a plan be developed at the
time of discovery and if needed; however, some thought to the process is appropriate to
be developed now for inclusion in the RFI Work Plan.

The following has been added to Section 6.1

The following procedure will be followed for found closed containers:

— For closed containers that appear in good condition, are not bulging or corroded, and can
be safely sampled, TRC will arrange for a qualified contractor to open and sample the
container contents. If the contents are suitable for nonhazardous disposal, the container
and the contents will be disposed with the investigation derived waste (IDW) discussed in
Section 8.6.

— For closed containers that do not appear in good condition, or are bulging, corroded or
damaged, TRC will arrange for a qualified contractor to open and sample the container
contents. If the contents are suitable for nonhazardous disposal, the containers and the
contents will be disposed with the investigation derived waste (IDW) discussed in Section
8.6. Care will be taken to be sure no contents spill into uncontaminated areas during the
removal.

— If any contents are determined to be hazardous waste after sampling is completed, TRC
will arrange for the disposal of the waste by a qualified hazardous waste contractor.

— Any found containers will not be stored and handled at the Site after removal. Direct
disposal upon removal will be facilitated by TRC. If containers cannot be directly disposed
of in a reasonable timeframe due to subcontractor scheduling, they will remain in place in
the excavated area (which will remain open and safely barricaded) until they can be directly
disposed of.

— Records will be kept on the number of containers removed and disposed of and their
contents.

9. Section 6.2; Soil Boring/Monitoring Well Installation: The RFI Work Plan must be revised
to provide additional details regarding the purpose, design, and construction of the
“small sump to allow for potential NAPL” to be built into the monitoring wells screened
at the base of the sand/clay interface.

The sentence “small sump to allow for potential NAPL” has been deleted from the RFI and the
following has been added:
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10.

1.

12.

13.

These wells will be screened with the bottom of the screened interval at the top of the clay layer
interface to facilitate the accumulation of any dense non aqueous phase liquids (DNAPL) that
may sink and accumulate at depth.

Section 7.2; Analysis and Testing: The RFI Work Plan must be revised to specify that
MMD review and approval is required to utilize alternate analytical methods as described
in this Section.

The following has been added to Section 7.2:

MMD review and approval is required to utilize alternate analytical methods as described in this
Section.

Section 7.4; Project Documentation: To the extent possible, copies of the forms to be
utilized for documentation should be provided in an Appendix for MMD review.

Example field forms have been included as Appendix C.

Section 8.1; Sample Management: The MMD supports the renaming of monitoring wells
in order eliminate potential duplicate names and re-organize their nomenclature. Care
needs to be taken to link new nomenclature with the historical nomenclature such that
no data are lost.

TRC has revised the nomenclature in Section 8.1 to a system that is appropriate for large sites
with multiple AOCs. Future monitoring wells will be named with the AOC location, then year
installed, followed by the monitoring well number (or similar). For example, monitoring well MW-
01 installed in AOC 13 in 2022 would be named or AOC-13-22-MW-01. TRC may evaluate
renaming the existing wells if appropriate using a similar naming convention.

Section 8.4; Reporting: The RFI Work Plan must be revised to provide additional details
regarding the content of the RFI Reports. At a minimum, the RFI Reports must include: a
narrative summary of the results, conclusions and recommended next steps, data tables,
figures, lab reports, lab quality assurance / quality control, field sheets, etc. Reports
must include both new data collected as well as available historical data for each
“margin” and “area”.

The following has been added to Section 8.4:

Progress reports will include a narrative summary of the results, conclusions and recommended
next steps. The reports shall include data summary tables, figures, lab reports, data quality
assurance/quality control, field notes and any applicable manifests. Tables included shall be all
encompassing and shall include historical results as well as current results for each area.
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14. Section 8.6; Waste Disposal: The RFI Work Plan must be revised to specify that
investigation derived waste must be characterized and stored on site per regulatory
standards, and properly treated and/or disposed of within statutory timeframes. Reports
of proper disposal (text and manifests) must be included in reports.

The following has been added to Section 8.6:

Investigation derived waste will be characterized and stored at the Site per regulatory
standards, and properly treated and/or disposed of within statutory timeframes. Reports of
proper disposal (text and manifests) will be included in reports.

15. Section 9.0, Community Relations Plan:

a. The RFI Work Plan must be revised to eliminate the reference to Michigan PFAS
Response Team (MPART) being part of EGLE and an EGLE Program. Although the
MPART Executive Director Reports to the EGLE Director, it is a separate organization.

The references to EGLE in the MPART discussion have been removed from Section 9.0

b. The RFI Work Plan must be revised to provide procedures post-COVID, since it is
anticipated that COVID restrictions will not be in place for the entire time of the
project.

The work plan has been revised for post-COVID conditions.

c. The RFI Work Plan must be revised to provide for a public repository for all site
related final documents. This will contain more than the fact sheet indicated. It is
recommended that the City of Ferndale be involved in determining the best location
for this repository.

The work plan has been revised with the following:

— TRC will work with the City of Ferndale (City) to determine the best way to approach public
involvement.

— Ifin person meetings with the public to discuss the Site are necessary or desirable, TRC
will work with the City to arrange for and host such meetings.

— If deemed desirable by the City, TRC will prepare a public facing website to house reports
and results for the Site to provide the public access to this information. The website will
also house a Public Fact Sheet to present a summary of the following: historical operations
at the Site and a generalized overview of proposed/ongoing activities being conducted at
the Site by TRC to mitigate the threat of any potential contamination migration to off-site
receptors.

)\
\ 4
XAWPAAM\PJT2\495430\0001\RFI\CL495430.1 RESPONSE TO EGLE COMMENTS.DOCX



Response to EGLE Comments RCRA Corrective Action Facility Investigation Workplan
Former Hayes Lemmerz; Ferndale Michigan

September 7, 2022

TRC Project No. 495430.0001.0000

Page 9

16. Table 2; List of Analytical Compounds and Detection Limits:

a. The RFI Work Plan must be revised to provide for the analysis and reporting of the
full list of volatile (Method 8260) and semi volatile (Method 8270) organic compounds
in both soil and groundwater.

Section 4.1 and Table 2 of the work plan has been revised to indicate analysis will be for the full
list of volatile (Method 8260) and semi volatile (Method 8270) organic compounds in both soil
and groundwater.

b. EGLE recommends that the RFl Work Plan be revised to provide for the analysis and
reporting of the full list of 31 PFAS compounds. A copy of that list is attached for your
reference.

The work plan has been revised to include the analysis of the full list of 31 PFAS compounds.

c. The RFlI Work Plan must be revised to provide the list of compounds and method and
reporting limits for soil gas analysis.

Table 2 of the work plan has been revised to include the analysis of the list of compound and
method and reporting limits for soil gas analysis.

17. Appendix A; Standard Operating Procedures:

a. In the Decontamination of Equipment SOP (SOP No. 7), there is a reference to an
Investigative Derived Waste (IDW) SOP, and SOP No. 6; however, SOP No. 6 is not the
IDW SOP. This issue should be clarified.

Given the TRC SOP for Equipment Decontamination is now included (SOP No. 6), this
comment is no longer applicable. Any SOPs referenced are included with this work plan.

b. The RFI Work Plan must be revised to clarify the term “industrial amazons” in the
fourth bullet of Section 5.1 of the Low-Flow Groundwater Sampling SOP (SOP No. 10).

Given the TRC SOP for Groundwater Sampling is now included (SOP No. 1), this comment is
no longer applicable as the term industrial amazons is not included in the SOP.

c. Step 23 of Section 5.4 of the Low-Flow Groundwater Sampling SOP (SOP No. 10) of
the RFI Work Plan must be revised to specify that the volatile organics analysis vials
will be preserved with hydrochloric acid and will be filled completely without any
headspace present.

This procedure is outlined in Section 2.3.2 of the TRC SOP for Groundwater Sampling (SOP
No. 1).
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d. It was noted that the RFI Work Plan included SOPs for Slug Testing (SOP No. 9), and
Three Volume Groundwater Sampling (SOP No. 11) even though the activities related
to these SOPs were not proposed in the RFlI Work Plan. The MMD is fine with
retaining these SOPs in the RFlI Work Plan in the event these activities are required to
be implemented at some point in the future of the investigation.

TRC has included the Slug Test Procedure SOP as SOP 10. TRC does not anticipate using the
three volume groundwater sampling method for groundwater sampling at the Site, therefore no
SOP for this is included within the revised work plan.

If you have any questions or concerns regarding this Report, please contact me at 734.585.7829 or
kcratsenburg@trccompanies.com.

Sincerely,

TRC

.

Kelly C. Cratsenburg, CPG Andrew D. Stuart
Project Manager National Market Director

cc: Vincent Buening, CPG, TRC Client Service Manager
Attachments:

Attachment 1 Revised RCRA Corrective Action Facility Investigation Workplan

<% TRC
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1.0 Introduction

TRC Environmental Corporation (TRC), has been retained by Axle Holdings 1, LLC (Client) to
prepare a revised Resources Conservation and Recovery Act (RCRA) Facility Investigation
Workplan (RFI Workplan) in accordance with the RCRA Corrective Action Plan (May, 1994) for
the former Hayes Lemmerz Site located on West Eight Mile Road, Ferndale, Oakland County,
Michigan (Site). Corrective action will occur via a Corrective Action Consent Order that is being
drafted by the Michigan Department of Environment, Great Lakes and Energy (EGLE) that will
be negotiated between the two parties.

The original RFI Work Plan was previously developed and submitted to the EGLE by Atlas
Technical Consultants LLC (Atlas), formerly known as ATC Group Services, LLC (ATC) in
February 2022. The EGLE replied to the submittal with comments in a letter dated July 7, 2022
(EGLE Comments) and requested, in addition to addressing their comments in the July letter,
that TRC re-submit a revised RFI Work Plan under TRC cover. Therefore, TRC is submitting
this revised RFI Work Plan (previously developed by Atlas/ATC) to the EGLE as requested.

The Site is a former hazardous waste storage facility regulated under Part 111, Hazardous
Waste Management, of the Natural Resources and Environmental Protection Act, 1994 PA 451,
as amended, and its administrative rules (Act 451). The Site is identified as Environmental
Protection Agency (EPA) ID Number MID 041 803 123. Under Part 111, an owner or operator of
such facilities is subject to corrective action to establish environmental protection standards
based on zoning and intended land use.
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2.0 Description Of Current Conditions

Current Site conditions were identified in ATC’s (now known as Atlas) RCRA Corrective Actions,
Description of Current Conditions and Interim Measures Report (CCR), prepared on behalf of
Axle Holdings 1, LLC, a revised report was submitted on September 21, 2021 incorporating
EGLE’s comments of August 5, 2021.

21 Site Location Information

The Site is located on West Eight Mile Road in Ferndale, Oakland County, Michigan, on the
north side of West Eight Mile Road between Mitchelldale Avenue and Pinecrest Drive. The Site
consists of two parcels totaling approximately 34 acres, as shown on Site Details Map (Figure
1).

2.2 Site and Vicinity General Characteristics

The Site is located in an area characterized by commercial business, light industrial, and
residential use within the limits of the City of Ferndale, at the southern border of Oakland
County. The Site is zoned light industrial (M-1) according to the City of Ferndale online Zoning
Map Application. The adjacent parcels to the west, north and east are zoned light industrial, and
predominately residential, with some commercial properties lining the major corridor to the
south. Refer to the Site Details Map (Figure 1).

2.3 Current Use of Site

As described in detail in Section 3.0, the Site was formerly developed and used from the 1930s
until 2012, when it was razed from 2012 to 2013. The current use is as partially graded, vacant
land.

2.4 Intended Future Use of Site

The intended future use of the southern portion of the Site is for the construction of an additional
industrial/warehouse/distribution building for the western adjacent Detroit Axle operation. There
are no current plans for the remaining portions of the Site.

2.5 Topographic Setting

The Site is located in the west V2 of the southeast V4 of Section 33, Township 1 North, Range 11
East, on the United States Geological Survey (USGS) 7.5 Minute Topographic Map, Detroit,
Michigan Quadrangle, dated 1985. The Site is approximately 665 feet above mean sea level.
The topography across the Site and surrounding area is relatively flat with a gentle slope to the
east, as shown on Site Details Map, Figure 1.

2.6 Hydrogeologic Setting

The Site is located in the Clinton River drainage basin (HUC8: 0409003) of the River Rouge,
which discharges to Lake St. Clair. The nearest surface-water body to the Site is a pond on the
Woodlawn Cemetery located approximately 5,160 feet east/southeast of the Site. No wetlands
were identified on the National Wetlands Inventory in the vicinity of the Site.
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The USDA Soil Survey map of the area identifies surficial soils at the Site as primarily Fortress
Family loamy sand with O to 6 percent slopes, which typically formed in sandy human-
transported materials on the near-shore slopes of water-lain moraines and are characterized as
moderately well drained with very low runoff potential. The EGLE GeoWebFace database
identifies the Site as lying within a lacustrine sand and gravel plain overlying Upper Devonian-
aged Antrim Shale. The brown to black pyritic organic-rich shale is identified as 60 to 200 feet
thick in the area, with the bedrock surface approximately 100 to 150 feet below ground surface

(bgs).

According to prior reports, Oakland County Health Department records indicate that a 560-foot
deep well was installed at the Site by Corsault Well Drilling looking for a source of cooling water;
however, the well was terminated in dry shale. Atlas has performed a search of the EGLE
Wellogic database of historical scanned water well records to obtain a copy of this well log,
however a well log was not found. Although the detailed description of bedrock lithology is not
currently available for the Site, there are other wells in the general area that confirm the depth to
bedrock and general lithology.

The nearest water-supply well identified in the EGLE Wellogic database for the area is a well
installed by Consumers Energy approximately one mile northwest (upgradient) of the Site. The
well log indicated a shale water bearing zone present at approximately 130 feet bgs, with
approximately 129 feet of overburden consisting of a mix of gravel, gray clay and/or sandy clay.
The water-bearing shale unit was approximately 140 feet in depth, and was underlain by
dolomite at approximately 273 feet, extending to the boring terminus depth of 277 feet bgs.

Based on review of soil boring logs for the Site from current and previous Site investigations, the
southern portion of the Site contains native sand of various grain size to approximately 20 feet
bgs. The sand layer is followed by a clay layer approximately 115 feet thick that extends to
bedrock. Up to five feet of discontinuous fill containing brick, concrete, and glass debris have
been observed in various locations, overlying approximately 20 to 23 feet of loose native sand
above the clay that then extends to bedrock.

On the northern portion of the property, the native sand is interbedded with clay, silty clay, and
sandy clay. Boring logs for the Site can be found in Appendix C of the CCR. Cross sectional
maps are presented in Appendix A of the CCR. These cross-sections help form the basis for the
conceptual site model (CSM) that will be refined as additional RFI work is completed.

Groundwater generally is encountered between 8 to 11 feet bgs. Groundwater gradient maps
completed for the April and June 2020 groundwater sampling events presented in the CCR
indicate groundwater flow direction to be toward the east-southeast.
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3.0 Facility Background

3.1  General Site Information and History of Ownership

The Site occupies the northwest corner of the intersection of West Eight Mile Road and
Pinecrest Drive. The Site was developed as a multi-building research and development facility
for chemical additives for gasoline products from the 1930s until the 1980s. Manufacturing
operations took over the facility from the 1980s until 2012. Site buildings were demolished in
2012 and 2013.

Various Site historical building plans identified up to 38 buildings or building wings over time.
Underground tunnels reportedly linked several of the southern buildings and several of the
buildings reportedly were bunkered with earthen mounds as protection in the event of
explosions. The locations of known tunnels can be found on Figure 1. However, the possibility
remains that there are additional unmapped tunnels.

Additional investigation will be required to determine whether additional tunnels may exist on-
site. As additional information is identified, the CSM and cross sections will be updated.
Buildings were reportedly heated principally by central natural gas steam systems that also
reportedly extended along the underground tunnels.

The Site was developed in stages from the 1930s until 2012 when demolition of the entire Site
began. A summary of the former ownership at the Site is as follows:

m  Ethyl Corporation (Ethyl) from 1936 to 1987;

m  CMI purchased the site though a holding company (TC Realty) in 1987;

m  TC Realty changed name to HLI Realty (operating as Hayes Lemmerz International) in 1999;
m  HLI Realty transferred to Cedan Holdings VI, LLC 2012;

m  Cedan Holdings VI transferred to Pinecrest Holdings, LLC purchased May 4, 2016;

m  Pinecrest Holdings, LLC entered into a Land Contract with Axle Holdings 1, LLC (for a 6 acre
portion of the Site) and a Land Contract with Axle Holdings 2, LLC (for a 28 acre portion of
the Site).

3.2 Historical Facility Operations

Historical operations at the Site by Ethyl included blending of fuels, foundry, service, and
maintenance operations, chemical storage, incineration, and laboratory testing. Subsequent
manufacturing operations by CMI-Tech Center (after 1987), TC Realty, Inc. (in the early 1990s),
and Hayes Lemmerz International (after 1999) included researching various casting and
molding processes, integrity testing automotive parts, computer-aided product assembly and
product testing, and other engineering and analysis testing. The Site has been vacant following
demolition activities which ended in 2013. A summary of the former buildings and their uses on
the Site includes:
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Building ID Description of Former Building Use

A Executive Offices, Printing, Cafeteria, Library, and Machine Shop

B Experimental Operations, Machine Shop, Vehicle Servicing, and Ref. Technology

C Engine Research and Dynamometer, Fuel Testing, Control Testing

DA Chemical Research, Executive Offices, and Patent Department

E Office, Auto Application Department, and Large Engine Dynamometer Testing

F Maintenance, Pipe Shop, Carpenter Shop, Glass Blower Shop, and Manufacturing

H Fueling and Oil Blending

J Fuel Storage

M Chemical Development Lab, Heavy Equipment and Manufacturing

N Chemical Storage

0] Maintenance Storage

Q Guard Shack

AL Vehicle Fueling

AN Emissions Laboratory, Dynamometer Testing Area, Dipping Operations, and
Manufacturing

AC Active Metal Storage

AH Chemical Engineering Products

L Bulk Chemicals

U Chemical Res. And Pilot Plant

AF Drum Storage

AJ Can Storage

AB Can Storage

R Fleet Building

K Chemical Supplies Storage

P Chemical Storage

3.2.1 Former Waste Generation

Ethyl submitted an application for a permit for the generation and storage of hazardous waste
generated during the research and development activities at the facility. The Part A Hazardous
waste permit application listed spent solvent waste codes for the container storage of 6,400
pounds of FO02 waste; 5,600 pounds of FO04 waste; and 21,000 pounds of FO05 waste. These
wastes were listed as ignitable (D001), corrosive (D002), reactive (D003), and toxic (D00O).
During RCRA facility inspections conducted by the Michigan Department of Natural Resources
(MDNR) in the early 1980s, it was noted that Ethyl was generating organophosphate waste,
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1,800 gallons of waste oil, and 4,500 gallons of waste gasoline.

TC Realty, Inc. (TCR) generated waste primarily from testing and analyzing automotive
products. TCR generated mineral spirits wastes (D001) from cleaning machinery that tested
automotive parts. TCR also generated hydraulic oil and motor oil wastes from automotive
testing.

3.2.2 Former Waste Storage

According to a Preliminary Assessment/Visual Site Inspection Report, prepared by PRC
Environmental in 1994, there were four former solid waste management units (SWMU) located
at the Site. Ethyl submitted a notification of hazardous waste activity to EPA on August 6, 1980.
The facility submitted a RCRA Part A Permit application on November 14, 1980. The application
listed container storage (S01) of up to 5,000 gallons of hazardous waste with the following
waste codes: F002 (6,400 pounds); FO04 (5,600 pounds); and FO05 (21,000 pounds).

Ethyl submitted a closure plan for its hazardous waste storage area SWMU-1 (former drum
storage area) on June 3, 1983, which was approved by the EPA on October 11, 1983. The
closure was reportedly completed and certified by the MDEQ on February 14, 1984 as a Clean
Closure. A FOIA request was sent to EGLE on September 15, 2021 requesting the
correspondence that certifies the Clean Closure. According to an EGLE response of September
24, 2021, “After a search, to the best of this public body’s knowledge, information, and belief, the
public record(s) do not exist as described by you, or by another name or description reasonably
known to the public body; therefore, your request to examine or receive a copy of the
documents described above is denied.” Ethyl did not file any further permit applications for EPA
hazardous waste activity after February 1984. TCR stored mineral spirits waste in a 500-gallon
aboveground storage tank and waste oils were stored in 55- gallon drums at the SWMU-1
location.

3.2.3 Former Waste Disposal

Ethyl maintained no records for the generation, storage or disposal of waste onsite. However,
according to correspondence from Ethyl to the Oakland County Health Department in 1985,
laboratory wastes, residues, used glassware, foundry sands, and containers reportedly were
buried in pits in the northern, central, and eastern portions of the Site from 1939 to the early
1980s. Oakland County Health Department records identified 11 pits in the vicinity of former
Building AE in the northwestern portion of the Site. These locations have not been confirmed
with geophysical or sampling investigations. The 11 pits are associated with AOC 2 (previously
identified as SWMU 2).

Other disposal pits were reported north of former Building Al and in the vicinity of the eastern
parking lot, where Ethyl reported that from about 1948 to 1962 metal pans containing residuals of
the reaction of sodium compounds with water were disposed in shallow hand-dug holes. No
information exists regarding disposal records or transportation for wastes generated by TCR.
However, geophysical anomalies have been identified at several locations across the Site and
will be investigated as part of the RFI to assess potential waste disposal pits. Refer to Sections
4.2 through 4.7 for further detail pertaining to proposed investigation activities.
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3.2.4 Former Permits

Ethyl held a license from the U.S. Atomic Energy Commission (License #21-0064-01) from 1954
to 1957. According to the 2012 RJN Phase | ESA (RJN Environmental, 2012), the license was
for the storage of a small amount of nuclear source material in the Soundproofing Room of
Building C. A July 9, 1998 U.S. Nuclear Regulatory Commission (NRC) letter to CMI-Tech
Center indicated that the license was terminated prior to 1985 and that there was insufficient
information to justify closure. NRC requested access to perform an inspection of the Site.
Inspection results and current permit status were not identified on available online databases.

Hayes-Lemmerz Technical Center, Inc. was identified as RCRA MID 041 803 123, with
additional listings under alternative names as Hayes Lemmerz International Inc., Hayes
Lemmerz Tech Svc Inc., Hayes Lemmerz Inc., and Hayes Lemmerz Technical Center
Incorporated, Ethyl Corp. R&D Labs, and CMI Tech Center, Inc. The Conditionally Exempt
Small Quantity Generator was first identified in 1980 and last reported in 2006 as a generator of
ignitable hazardous waste (D001). Violations were identified in 1995, 2001, and 2005 for pre-
transport and records/reporting concerns. In 2005, the EPA identified no records of generated
waste shipped to off-site facilities, managed on- site, or received from another off-site facility.

The facility was added to the CERCLIS database by March 1986, with Preliminary Assessments
performed in March 1986, February 1990, and March 1992 that determined the Site did not
qualify for National Priority List (NPL) and deferred further response to RCRA Subtitle C. A
CERCLIS NFAP determination was issued in December 1995. The treatment, storage and
disposal facility (TSDF) was identified as potentially subject to Corrective Action in June 1992
and assigned a low corrective action priority. A RCRA corrective actions (CORRACTS)
Stabilization Measures Evaluation performed in June 1992 determined that insufficient
information was available relative to the facility to support implementation of stabilization
measures or feasibility evaluation.

Hayes-Lemmerz Technical Center, Inc. was identified on the ICIS-AIR database as Facility
MI00000000000A4646 and as State Registration Number A4646, having the following operating
status listings:

Program Code Program Description ‘ Operating Status

CAACFC Stratospheric Ozone Protection Permanently Closed

CAAFESOP Federally Enforceable State Operating Permit — Non- | Permanently Closed
Title V

CAAMACT MACT Standards (40 CFR Part 63, Subpart RRR) Permanently Closed

CAASIP State Implementation Plan for National Primary and | Permanently Closed

Secondary Ambient Air Quality Standards

CAATVP Title V Permits Permanently Closed
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3.2.5 Former Storage Tanks

The Site contained numerous unregistered Underground Storage Tanks (USTs) operated by
Ethyl ranging in size from 500 to 10,000 gallons. The USTs were used to store gasoline for
research and development. In the mid-1980s the Ferndale Fire Department oversaw the
excavation of the USTs. Additionally, CMI operated one-15,000 gallon diesel UST and one-
15,000 gallon gasoline UST. However, it is important to note that due to the lack of available
documentation pertaining to regulated USTs (USTs which pre-date tank registration regulations)
the exact amount of USTs previously located at the Site is currently unknown. A release (C-
0185-96) of the CMI USTs was reported in 1996 and granted a Tier | Unrestricted LUST closure
in 1998. A summary of the former storage tanks (65 USTs as provided to Atlas through
historical documentation and/or previous reports) located on the Site is as follows:

Summary of Former Underground Storage Tanks

Number of Size Date Date Removed
USTs (gallons)  Contents Location Installed
Gasoline
8 2,000 and/or diesel | west of former Building B | Unknown | 1985
15 500 Unknown North of former Building H| 1942 1985
11 1,000 Unknown North of former Building H| 1942 1985
4 5,000 Unknown North of former Building H| 1942 1985
4 10,000 Unknown North of former Building H| 1942 1985
14 1,000 Unknown North of former Building H| 1948 1985
4 10,000 Unknown North of former Building H| 1948 1985
Likely in the vicinity of
former Buildings O, M, J,
3 1,000 Unknown E, and/or L Unknown | 1985
1 15,000 Diesel West of former Building C | 1988 2008
1 15,000 Gasoline West of former Building C | 1988 2008

3.2.6 Summary of Releases

The Site has previously been identified as a closed LUST site relative to one regulated gasoline
UST. Arelease of gasoline was identified during the refueling of the 15,000-gallon gasoline UST
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and a secondary containment chamber boot failure occurred in 1996. The gasoline UST was
located on the west side of Building C (inclusive to AOC 11). Following removal of 90 cubic
yards of gasoline impacted soil, unrestricted Tier | LUST closure was granted by the MDEQ on
February 4, 1998.

A release of heating oil from a former UST located near the north end of Building D was
identified based on the 1995 presence of non-aqueous phase liquid (NAPL) in a nearby
monitoring well. Because the heating oil UST was not registered, the release was not reported
as a LUST.

As discussed above, there have been a number of known releases at the Site. It should be
noted that presumptively there may have been other historical releases at the Site whose
source is unknown. This is evidenced by the presence of contaminants in locations and types of
contaminants other than where the known releases occurred. Historical petroleum and fuel
additive releases are presumed to have occurred from multiple USTs formerly located in the
south-central portion of the Site. This is evidenced by detected concentrations of multiple
volatile organic compounds (VOCs) and semi-volatile organic compounds (SVOCs), including
ethylbenzene, naphthalene, methylnaphthalene, xylenes and trimethylbenzenes (TMBs) in soil
and/or groundwater, as well as detections of per fluorinated compounds (per- and
polyfluoroalkyl substances identified as PFAS) in groundwater within this area.

3.3 General Site Lithology/Hydrogeology

General site lithology derived from the historical and current subsurface investigations at the
Site indicate up to five feet of discontinuous fill containing brick, concrete, and glass debris
overlying approximately 20 to 23 feet of loose native sand above clay that extends more than
100 feet to bedrock. On the northern portion of the Site, the native sand is interbedded with clay,
silty clay, and sandy clay. Groundwater generally is first encountered between 8 to 11 feet bgs
and flows in an east-southeasterly direction.

Representative cross-sections are presented in the CCR. These cross sections provide a
graphic depiction of general site lithology and form the physical basis of the CSM that will be
refined as additional information is gathered as part of the ongoing RFI work. This will include
evaluating where tunnels and utilities may be added onto the existing cross sections on a site-
wide basis. Additionally, a cross section depicting the lithology/hydrogeology/utility corridors
along the eastern boundary of the Site will be generated.
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4.0 Areas Of Concern (AOCs) And Investigation Plans

The Site has been divided into twenty (20) areas of concern (AOC), based upon past use,
identified solid waste management units (SWMUs), geophysical anomalies, electromagnetic
induction (EMI) survey data and soil, groundwater and soil vapor concentrations within those
specific AOCs. For investigation purposes and importance of potential receptor risk, each
individual AOC has been placed into the groups listed below. Proposed AOCs by Area is
presented as Figure 2 (a copy of which is included below for easy reference). The summarized
scope of work for all AOCs is presented by Area/Margin in Table 1 and soil boring/monitoring
well/test pit locations for each AOC are presented in Figures 3 through 7.

Note that Axle Holdings 1, LLC has agreed to undertake a request by EGLE to investigate
potential exposure issues for residents living along the Site’s eastern property boundary prior to
work being completed under this RFI. A work plan detailing the planned investigative work was
submitted as part of the September 2021 CCR. Starting in November 2021, Atlas began this
work at EGLE’s direction installing soil vapor points and sampling those and a number of
existing monitoring wells placed in close proximity to the eastern property boundary. Results of
the Eastern Property Boundary work along with a subsequent proposed work plan were
presented in a separate report titted RCRA Interim Work Plan Investigation Report — Eastern
Site Boundary (April 2022) and the findings will subsequently be combined with the findings of
other Site- wide RFI work planned for delineation and assessment purposes.
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Southern Area (area proposed for redevelopment for use by Axle Holdings 1 LLC):

The southern portion of the Site is the first area planned to be investigated as part of the RFI.
The Southern Area includes AOCs 3, 7, 8, 9, 10, 11 and 12, which constitutes the majority of the
former building and operational areas. The initial RFI work is planned to start upon EGLE
approval of this work plan, likely starting in the Fourth Quarter 2022 and will continue into 2023
including the first round of groundwater sampling for all of the wells in the Southern area (new
and intact existing wells). A second round of groundwater sampling will be completed with one
calendar quarter between rounds to allow for seasonality.

Depending on findings of the initial RFI in the Southern Area, additional delineation may be
necessary. The scope of any additional delineation in the Southern Area will be proposed to
EGLE, with work proceeding following approvals through the remainder of 2023.

Once EGLE has accepted TRC’s completed delineation of each phase, the next phase will be
implemented. Timelines listed in this RFI Workplan are the best estimates at the time and are
subject to change, as necessary. It is anticipated each consecutive RFI phase will begin within
two quarters of the prior phase’s completion. In the event of material deviations in scheduling or
completion, TRC will notify EGLE.

Northern Half, which includes the following sub-groups:

Northwestern Margin:

Work in the Northwestern Margin will begin within two quarters of completed delineation and
reporting in the Southern Area. The Northwestern Margin includes AOCs 2, 16 and 17. This
second phase of the RFI will likely start in Second Quarter 2024 and with two rounds of
segregated groundwater sampling, potential additional delineation, and reporting is estimated to
run through the Second or Third Quarter of 2025.

Northcentral Area:

Work in the Northcentral Area will begin within two quarters of completed delineation and
reporting in the Northwestern Margin. The Northcentral Area includes AOCs 1, 4, 5, 6, 13 and
18. This third phase of the RFI will likely start in First Quarter 2026 and with two rounds of
segregated groundwater sampling, potential additional delineation, and reporting is estimated to
run through the Second or Third quarter of 2027.

Northeastern Area:

Work in the Northeastern Area will begin within two quarters of completed delineation and
reporting for the Northcentral Area. The Northeastern Area comprises the eastern property
boundary adjacent to offsite residential areas. The Northeastern Area includes AOCs 14, 19 and
20. This fourth phase of the RFI will likely start in First Quarter 2028 and with two rounds of
segregated groundwater sampling, potential additional delineation, and reporting is estimated to
run through the Second or Third Quarter of 2029.
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Northern Margin:

Work in the Northern Margin will begin within two quarters of completed delineation and
reporting in the Northeastern Area. The Northern Margin includes AOC 15. This fifth phase of
the RFI will likely start in First Quarter 2030 and with two rounds of segregated groundwater
sampling, potential additional delineation, and reporting is estimated to be completed in the
Second or Third Quarter of 2031.

Site-Wide Items for Investigation:

There is an additional need for a site-wide AOC, to create a holistic, site-wide approach to the
investigation of the Site, when that makes logical sense to do so. The site-wide AOC will focus on
vertical delineation of the geologic and hydrogeologic understanding of the overburden and the
potential effects of areas and potentially preferential pathways may exist related to onsite
features such as the former tunnels and utility corridors that are connected to, but not part of
any individual AOC. This RFI work is expected to be completed in tandem with the Southern Half
AOC Area work.

4.1 Site Investigation and Analytical Parameter List

Due to the nature and extent of various chemicals used, stored, managed, and disposed
throughout the course of the history of the Site, a Site-Specific Comprehensive Constituent
List (SSCCL) has been compiled, which will be utilized by TRC, at a minimum, during the
analysis of all RFI soil and/or groundwater when indicated in the following sections below.

The SSCCL includes, but is not limited to:

m  Full Part 201VOC list + tentatively identified compounds (TICs) (including MTBE,
tetrahydrofuran, and 1,4-dioxane) plus 3 alcohols (methanol, ethanol, and n-butanol)

m  Full Part 201 SVOC list + TICs

m  Michigan List Part 201 Total Metals list

m  Polychlorinated Biphenyls (PCBs) (by individual Aroclor)
m  Michigan List 31 PFAS

The specific list of contaminants of concern (COCs) for each of the categories above are
presented in Table 2. These COC lists are the same as was analyzed for Site investigative work
completed by Atlas in 2020-2022 prior to the implementation of this RFI Workplan with the
addition of the TICs. TICs have been added to identify other potential COCs that may be
present on-site, but not on the Part 201 VOC or SVOC target lists. If during the course of this
RFI, specific COCs identified as part of the TICs analyses are prevalent, consideration will be
given to modify the SSCCL to add these COCs.

In addition to the SSCCL, where indicated in the sections below and on Table 1, additional
parameters may be analyzed for, which will include the following, when indicated, based on
AOC-specific knowledge as to the AOC’s known or suspected prior use:

m  Hexavalent chromium

m tetraethyl lead
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m  dioxins/furans

The list of individual COCs for these additional parameters groups (i.e., PCBs, PFAS, and
dioxin/furans) are also presented in Table 2. All site RFI media samples will be compared to
Residential and Non Residential Michigan Part 201 Generic Cleanup Criteria and screening
levels for all pathways. The soil gas and groundwater samples collected from the eastern
boundary, will be compared to Residential Michigan Part 201 Generic Cleanup Criteria, based
upon the potential for off-site residential receptors. Note that additional discussion relative to
Atlas 2021 investigation of the Eastern Property Boundary is discussed in Section 4.3.

Each of the AOCs within a designated area or margin will be investigated simultaneously. Any
additional assessment will be proposed and completed within six months of the reporting of the
current RFI scope, as it is deemed necessary. Pending the results of the first round of
assessment in each of the AOCs, the specific analysis may be focused to certain SSCCLs.

Groundwater sampling scoped in the AOCs includes two rounds of sampling spread
approximately one quarter apart and will include all new and existing uncompromised wells. Well
development will be completed prior to the first round of sampling. Some historic wells have not
been encountered during recent sampling and any wells whose integrity is suspect prior to or at
the time of sampling will not be sampled. Metals samples for groundwater will not be field
filtered, and will be analyzed for totals, unless the water being sampled is visibly turbid, in which
case a field filtered/dissolved aliquot sample will be collected in addition to the totals sample.

4.2 Southern Area

AOCs 3,7, 8,9, 10, 11 and 12 are all included in the Southern Area that will be the focus of the
first phase of the RFI. Description of known uses, investigative work completed so far, and
proposed additional sampling scope to address horizontal and vertical delineation of the area is
presented below. As stated above, start of the first phase of RFI in the Southern Area is planned
to begin in the Third or Fourth Quarter of 2022 and is expected to be completed by the end
2023. Refer to Figure 3 for a depiction of planned assessment locations pertaining to each AOC
in the Southern Area.
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4.2.1 AOC 3 - SWMU 3 - Former Burial Area

hAW-H

The area designated as SWMU-3 (as originally defined in a Preliminary Assessment/Visual Site
Inspection Report (PRC Environmental,1994) is located within the eastern portion of the Site,
within the northwest corner of the paved parking lot area. This location was a former burial area
for various wastes utilized by Ethyl from approximately 1939 until 1955.

Constituents of Concern/Objective:

Soil -

A total of six soil borings (with three being converted to temporary monitoring wells) and four
permanent monitoring wells were evaluated within and surrounding this AOC. Of the six soll
borings installed, five soil samples were analyzed between the years 2012 and 2015: SB/TMW-8
(1-2’), SB- 11 (10-12°), SB-12 (10-12’), SB-20 (10-12’), and PSB-144 (8-9’). Soil samples were
not analyzed for borings SB/TMW-8R or monitoring wells MW-8, MW-9, MW-10 or MW-H.

The following COCs were detected:

m  VOCs: 2-methylnaphthalene at SB-11 (10-12’) and SB-12 (10-12’) and trichloroethylene at
SB-12 (10-12’).

m  Polynuclear aromatics (PNAs) (full scan SVOC analysis was not conducted): none detected
at PSB-144 (8-9’). The remainder of the soil samples were not analyzed for PNAs.

m  Metals: arsenic, barium, chromium, copper, lead, and zinc at SB/TMW-8 (1-2’) and PSB-144
(8-9’). Mercury was also detected at SB/TMW-8 (1-2°).

m  PCBs: none detected at SB/TMW-8 (1-2’). The remainder of the soil samples were not
analyzed for PCBs.

Groundwater -

Groundwater analytical data for monitoring well MW-8 has not been disclosed and/or the well
was not sampled historically. Groundwater samples collected in 2012 from MW-9, MW-10 and
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MW-H; as well as groundwater samples collected in 2015/2016 from temporary monitoring wells
SB/TMW-8 and SB/TMW-8R, detected the following COCs (only bolded COCs exceeded their
most restrictive criteria):

s VOCs: 1,2-dichlorobenzene (SB/TMW-8 and SB/TMW-8R); trichloroethylene (MW-9 and
MW-10); chlorobenzene (MW-9) and 1,4-dichlorobenzene (SB/TMW-8 and SB/TMW-8R).

m  PNAs/SVOCs (full scan SVOC analysis was not completed): none detected.

m  Metals: barium, copper and/or zinc (MW-10 and SB/TMW-8). The remainder of the wells
were not analyzed for metals.

m  PCBs: wells were not analyzed for PCBs.

Further delineation of VOCs and metals detected (in particular, 2-methylnaphthalene,
trichloroethylene and 1,2-dichlorobenzene) in soil and groundwater for COCs potentially
associated with the reported buried laboratory wastes, and physical and chemical
characterization and vertical and horizontal delineation of potential groundwater impacts form
the objective for this AOC investigation. The unspecified laboratory wastes could be associated
with virtually any chemicals used, stored, managed, or disposed onsite. COCs should target a
broad spectrum of analysis to ensure current comprehensive analyses are completed.

Planned Assessment:

Provided the historical use of this area as a former burial pit for various unidentified wastes,
planned assessment includes the completion of up to four test pits and will extend to the reach
of the excavator, no less than 10 feet bgs. Soil samples will be collected from each sidewall
(default at approximately 5 feet bgs) and the bottom of each test pit, with sampling biased to the
most contaminated interval if any are identified.

Note that for all RFI work, the test pit depth selected is generally the depth to the water table and
the reach of a standard excavator. We believe this should be sufficient to identify at least the
tops of anything identified as anomalies during the EMI study. If any signs of anomalies or
buried material is encountered that cannot be completely delineated, additional plans may be
warranted to fully assess the visual limits of those items.

Additional planned assessment work includes the installation of two permanent monitoring wells
within the northwestern and southeastern portions of SWMU-3 to evaluate soil and groundwater
conditions in a cross-gradient direction. Wells will be screened to the base of the sand unit and
in contact with the underlying clay unit, (at a depth greater than 16 feet bgs, according to
historical boring logs for SB-11 and SB-12 completed in this area, which indicate sand
extending to this depth with no underlying clay unit identified).

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for
SSCCL parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds.

Groundwater sampling at newly installed monitoring wells (as well as existing monitoring wells
MW-130 and MW-131) will be conducted via low-flow techniques. Groundwater samples will be
submitted for the SSCCL parameter list (Table 1 and Table 2), plus at least one round of Ml
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PFAS 31 compounds. PFAS will be added to the AOC-specific COC list for this AOC if Non-
Residential RBSL exceedances are observed.

4.2.2 AOC7-PCE/TCE

AOC 7 contained historical Building H, which was utilized for fuel and oil blending. This former
building was situated in between former Building B, which was utilized for experimental
operations, a machine shop, and vehicle servicing and former Building C, which was utilized for
engine research and dynamometer, fuel testing and control testing.

Constituents of Concern/Objective:

Soil -

A total of six soil borings (with three being converted to temporary monitoring wells and one
converted to a permanent monitoring well) were evaluated within and surrounding this AOC. Of
the six soil borings installed, seven soil samples were analyzed between the years 2012 and
2020: SB-3 (10-12’), SB-4 (10-12’), SB/TMW-15 (1-2’), SB/TMW-16 (1-2’), SB/TMW-18 (7-8’)
and MW-126 (4-5’) and (7.5-8.5’). Additionally two temporary soil vapor points, E-3 and E-4 were
installed in 2019.

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):

m  VOCs: naphthalene, 2-methylnaphthalene and trichlorofluoromethane at TMW/SB-18 (7-
8’). VOCs were not detected in remaining samples analyzed.

m PNAs/SVOCs: Full scan SVOC analysis was only completed at the MW-126 location. Up to
14 PNAs were detected at SB/TMW-18 (7-8’) with multiple constituents exceeding the
most restrictive criteria. Select PNAs/SVOCs were also detected at SB-3 (10-12’),
SB/TMW-16 (1-2’), SB/TMW-18 (7-8’) and MW-126 (4-5’), however below respective
screening levels.

m  Metals: multiple metals (including arsenic, barium, cadmium, chromium etc.) were detected
at all samples analyzed. Mercury was detected at SB/TMW-16 (1-2’) and SB/TMW-18 (7-
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8’) above default background levels and at SB-3 (10-12’), however below default
background levels.

m  PCBs: not detected.

Groundwater —

Groundwater samples were not collected from temporary monitoring well SB/TMW-15.
Groundwater samples collected in 2016 from temporary monitoring well SB/TMW-16 and
SB/TMW-18, as well as groundwater samples collected in 2020 from monitoring well MW-126,
detected the following COCs (only bolded COCs exceeded the most restrictive criteria:

m  VOCs: tetrachloroethylene at SB/TMW-16, SB/TMW-18 and MW-126; trichloroethylene
at MW-126; trichlorofluoromethane at SB/TMW-16 and SB/TMW-18; and 1,1-
dichloroethylene at SB/TMW-18.

m  SVOCs: none detected.

m  Metals: up to 10 metals were detected in each sample collected, including aluminum, boron,
iron, manganese, and vanadium at MW-126.

m  PCBs: none detected at MW-126. SB/TMW-16 and SB/TMW-18 were not analyzed for PCBs.

Soil Gas —

Soil gas samples collected from temporary soil gas points E-4 and E-5, set at a depth of 5 feet
bgs, detected multiple VOCs and/or SVOCs, however the concentrations were below their
respective volatilization to indoor air pathway (VIAP) screening levels, with the exception of
trichloroethylene at E-4.

Planned Assessment:

Installation of two monitoring wells located within the central and northwestern portions of the
AOC, which will be screened to the base of the sand unit and in contact with the underlying clay
unit, (at a depth to exceed approximately 16 feet bgs, according to monitoring wells MW-126 and
MW-132 installed within this area). Soil samples will be collected from both shallow (within the
first 5 feet bgs) and deep intervals exhibiting the highest photoionization detector (PID) readings
and/or which exhibit visual evidence of contamination to attempt to identify whether the source
of soil gas vapors previously detected in soil gas samples collected is in this area.

Soil samples collected from each soil boring/monitoring well will be analyzed for SSCCL
parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds and tetraethyl lead.

Groundwater samples will be collected via low-flow techniques from newly installed monitoring
wells (as well as existing monitoring well MW-126). Groundwater samples will be submitted for
SSCCL parameter list (Table 1 and Table 2), plus Ml 31 PFAS compounds and tetraethyl lead.
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4.2.3 AOC 8- PFOA/PFOS
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AOC 8 contained historical Building D, of which the former operations occurring at this building
are unknown. This former building was situated in between former Building DA, which was
utilized for chemical research and former Building C, which was utilized for engine research and
dynamometer, fuel testing and control testing.

Constituents of Concern/Objective:

Soil -

A total of seven soil borings (with two being converted to temporary monitoring wells and four
converted to a permanent monitoring well) were evaluated within and surrounding this AOC. Of
the seven soil borings installed, nine soil samples were analyzed between the years 2012 and
2020: SB/TMW-20 (1-2’), SB-21 (10-12’), SB/TMW-30 (8-9’), MW-128 (4-5’) and (8-9’), MW-
129 (3-4’), MW-132 (5.5-6.5’) and MW-133 (3-4’) and (10-11’).

The following COCs were detected (only bolded COCs exceeded the most restrictive criteria):
m  VOCs: none detected.

m PNAs/SVOCs: Full scan SVOC analysis was only completed at MW-128, MW-129, MW-
132 and MW-133 locations. Multiple SVOCs were detected with benzo(b)pyrene,
carbazole, dibenzofuran, fluoranthene, naphthalene and/or phenanthrene exceeding
the most restrictive criteria at each sample. PNAs were not detected in remaining
samples analyzed.

m  Metals: multiple metals (including arsenic, barium, cadmium, chromium etc.) were detected
at all samples analyzed, with the exception of SB-20 and SB/TMW-30, which were not
analyzed for metals. Mercury was detected at MW-129 (3-4’), MW-132 (5.5-6.5’), MW-133
(3-4’) and (10-11’) above default background levels and VIAP screening levels.
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m  PCBs: not detected.

Groundwater —

Groundwater samples collected in 2016 from temporary monitoring wells SB/TMW-20 and
SB/TMW- 30, as well as groundwater samples collected in 2020 from monitoring wells MW-128,
MW-129, MW- 132 and MW-133, detected the following COCs (only bolded COCs exceeded their
most restrictive criteria):

m  VOCs: trichlorofluoromethane at SB/TMW-20 and SB/TMW-30; and 1,1-dichloroethylene at
SB/TMW-20; tetrachloroethylene at MW-128; trichloroethylene at MW-129; acetone,
chloromethane, 1,4-dioxane, ethylbenzene, naphthalene, toluene, 1,2,4-trimethylbenzene,
1,3,5-trimethylbenzene, xylene and methanol at MW-132; and chloromethane and
naphthalene at MW-133.

m  SVOCs: carbazole, fluoranthene, naphthalene, 2-nitrophenol, 4-nitrophenol,
phenanthrene and phenol at MW-132; carbazole, fluoranthene, naphthalene and
phenanthrene at MW-133.

m  Metals: multiple metals (including arsenic, barium, cadmium, chromium etc.) were detected
at all samples analyzed, with the exception of SB/TMW-30, which was not analyzed for
metals. Boron was detected in MW-128, MW-129 and MW-133.

= PCBs: none detected.
m  PFAS: A total of ten PFAS compounds were detected at MW-128, MW-129, MW-132 and
MW-133 with PFOA, PFNA and/or PFOS exceeding the most restrictive criteria.

Planned Assessment:

Installation of two additional monitoring wells along the eastern/southeastern border of this area
to determine if PFAS concentrations are migrating in a horizontal downgradient direction. The
additional monitoring wells will be installed to the base of the sand unit, and in contact with the
underlying clay unit due to the presence of chlorinated solvents in this area. Soil samples
will be collected at up to three depth intervals in each of the well boings following the rational
described above. Attempting to identify the source of PFAS concentrations will also be included
in the assessment activities.

Soil samples collected from each soil boring/monitoring well will be analyzed for SSCCL
parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds.

Groundwater samples will be collected via low-flow techniques from newly installed monitoring
wells (as well as existing monitoring wells MW-128, MW-129, MW-132 and MW-133).
Groundwater samples will be submitted for SSCCL parameter list (Table 1 and Table 2), plus Ml
PFAS 31 compounds.
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4.2.4 AOC 9 - Neutralization Basin/Former UST Area

The area of a former neutralization basin and former UST is located along the southeastern
portion of the Southern Area.

Constituents of Concern/Objective:

Soil -

A total of five soil borings (with three being converted to temporary monitoring wells and two
permanent monitoring wells) were evaluated within and surrounding this AOC. Of the soil
borings installed, four soil samples were analyzed between the years 2012 and 2016: SB-8 (10-
12’), SB/TMW-19 (1-2’), SB/TMW-20 (1-2’) and SB/TMW-31 (7-8’). Soil samples were not
collected during the installation of monitoring wells MW-D and MW-E.

The following COCs were detected:

m  VOCs: trichloroethylene at SB/TMW-19 (1-2°); 2-methylnaphthalene, naphthalene and 1,2,4-
trimethylbenzene at SB-8 (10-12’). VOCs were not detected in the remaining samples
analyzed.

m  PNAs (full scan SVOC analysis was not conducted): none detected.

m  Metals: arsenic, barium, chromium, copper, lead and zinc at SB/TMW-19 (1-2’) and SB/TMW-
20 (1-2’). Remaining soil samples were not analyzed for metals.

m  PCBs: none detected.

Groundwater —
Groundwater samples collected in 2012 from monitoring wells MW-D and MW-E, as well as
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groundwater samples collected from temporary monitoring wells SB/TMW-19, SB/TMW-20 and
SB/TMW-31 in 2015 and 2016, detected the following COCs:

m  VOCs: chlorobenzene, 1,1-dichloroethylene, 1,2-dichlorobenzene, 1,3-dichlorobenzene, 1,4-
dichlorobenzene and/or trichlorofluoromethane at SB/TMW-19, SB/TMW-20 and SB/TMW-
31.

m  Tetrachloroethylene at MW-E. No detections at MW-D.

m  PNAs (full scan SVOC analysis was not completed): Diethyl phthalate at MW-E. None
detected at remaining wells.

m  Metals: arsenic, barium, copper and/or zinc at SB/TMW-19 and SB/TMW-20. SB/TWM-31,
MW-D and MW-E were not analyzed for metals.

m  PCBs: wells were not analyzed for PCBs.

Planned Assessment:

Compiletion of two soil borings, within the area of the identified electromagnetic anomalies
present in the central-southern/southeastern portions of the area, which coincide with the
location of the former USTs. The soil borings will extend to an approximate depth of 25 feet bgs to
properly evaluate for the presence of buried orphaned tanks/sumps/vaults. If subsurface
structures are identified, soil samples will be collected from a depth immediately below the base
of the structure, with samples biased toward any visual evidence of contamination and/or PID
readings present. Additionally, other soil depth intervals will be collected following the rationale
described above for a maximum of three per boring.

Additional planned assessment work includes the installation of three monitoring wells within the
northern, eastern, southeastern and western portions of the AOC to evaluate soil and
groundwater conditions in a cross-gradient direction. The monitoring wells will be screened to the
base of the sand unit, and in contact with the underlying clay unit. Soil samples will also be
collected from the well borings following the depth selection rationale described above.

Soil samples collected from each soil boring/monitoring well will be analyzed for SSCCL
parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds and tetraethyl lead.

Groundwater sampling will be conducted via low-flow techniques at newly installed monitoring
wells. Groundwater samples will be submitted for SSCCL parameter list (Table 1 and Table 2),
plus Ml PFAS 31 compounds and tetraethyl lead.
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4.2.5 AOC 10 - Former Heating Oil UST/EMI Interference — GPR Anomaly

s e e ]

Electromagnetic induction conducted indicated the presence of deep and shallow voids within
the subsurface of this area, which is located within the southern-central portion of the Southern
Area. Furthermore, a ground penetrating radar (GPR) survey conducted within this area
indicated an anomaly within the subsurface. According to historical documentation, a former
heating oil UST was located within this area.

Constituents of Concern/Objective:

Soil -

A total of seven soil borings (with one being converted to a temporary monitoring well and two
permanent monitoring wells) were evaluated within and surrounding this AOC. Of the seven soil
borings installed, seven soil samples were analyzed between the years 2012 and 2020: SB-7
(10- 12°), SB-25 (10-12’), SB-26 (12-14’), SB-27 (10-12’), SB/TMW-32 (8-9') and MW-127 (6-7’)
and (10-11’). Soil samples were not collected during the installation of monitoring well MW-C.

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):

m  VOCs: A total of 26 VOCs were detected from samples collected at SB-7 (10-12’), SB-25
(10-12’), SB-26 (12-14’) and SB-27 (10-12’). Specifically, benzene, chlorobenzene,
ethylbenzene, 2-methylnaphthalene, naphthalene, toluene, 1,2,3-, 1,2,4- and 1,3,5-
trimethylbenzene, xylenes, and/or 1,2-, 1,3- and 1,4-dicholobenzene were detected in
excess of criteria at these sample locations. Samples collected from SB/TMW-32 (8-9’)
and MW-127 (6-7’) and (10-11’) did not have VOCs detected.

m PNAs/SVOCs: Full scan SVOC analysis was only completed at the MW-127 location. Up to
10 PNAs were detected at the SB-7 (10-12’), SB-25 (10-12’), SB-27 (7-8’) and MW-127
(10-11’) with acenaphthene, acenaphthylene, anthracene, chrysene, fluorene and/or
phenanthrene exceeding the most restrictive criteria. SB/TMW-32 (8-9’) did not have
any PNA detections. SB-26 (12-14’) was not analyzed for PNAs.

m  Metals: arsenic, barium, chromium, copper, lead, selenium and/or zinc at SB-7 (10-12’), SB-
25 (10-12’) and SB-27 (10-12’). Mercury was also detected at SB-27 (10-12’) below default
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background levels. Expanded metal analysis was completed at MW-127 (6-7’) and (10-11")
which indicated 16 metals including aluminum, cobalt, iron and manganese above their
most restrictive criteria. SB-26 (12-14’) was not analyzed for metals.

m  PCBs: none detected.

Groundwater —

Groundwater samples collected in 2016 from temporary monitoring well SB/TMW-32, as well as
groundwater samples collected in 2020 from monitoring well MW-127, detected the following
COCs (only bolded COCs exceeded their most restrictive criteria):

m  VOCs: chlorobenzene, 2-methylnaphthalene and naphthalene at SB/TMW-32;
chlorobenzene, 2-methylnaphthalene, naphthalene, trichlorofluoromethane, 1,2,4- and
1,3,5- trimethylbenzene, and xylenes at MW-127.

m PNAs/SVOCs (full scan SVOC analysis was only completed at MW-127): acenaphthylene,
fluorene, naphthalene, phenanthrene and 2-methylnaphthalene at SB/TMW-32;
benzo(a)anthracene, benzo(a)pyrene, benzo(b)fluoranthene, chrysene, fluoranthene and
phenanthrene at MW-127.

m  Metals: A total of 11 metals were detected at MW-127. Specifically, aluminum, iron,
manganese and vanadium exceeded the most restrictive criteria at MW-127. SB/TMW-32
was not analyzed for metals.

m  PCBs: none detected at MW-127. SB/TMW-32 was not analyzed for PCBs.
m  PFAS: Seven PFAS compounds were detected at MW-127 with PFOA and PFOS exceeding
the most restrictive criteria.

Planned Assessment:

Provided the historical use of this area as a location for heating oil USTs, planned assessment
includes the completion of two test pits, within the area of the identified electromagnetic
anomalies present in the near monitoring well MW-127. The test pits will extend to the reach of
the excavator, no less than 10 feet bgs, to properly evaluate for the presence of potential buried
materials. Soil samples will be collected from each sidewall (default at approximately 5 feet bgs)
and the bottom of each test pit, with sampling biased to the most contaminated interval, if
appropriate.

Additional planned assessment includes installation of two monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth exceeding 15 feet bgs, which indicates sand extending to this
depth with no clay interface encountered) will be installed in the northwestern and southeastern
portions of this area.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list plus Ml PFAS 31 compounds (Table 1 and Table 2).

Groundwater samples will be collected via low-flow techniques from newly installed monitoring
wells (as well as existing monitoring wells MW-122, MW-123 and MW-127). Groundwater
samples will be submitted for the SSCCL parameter list plus Ml PFAS 31 compounds (Table 1
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and Table 2).

4.2.6 AOC 11 - Former UST Area/EMI Interference

SE
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Electromagnetic induction conducted indicated the presence of deep and shallow voids within
the subsurface of this area, which is located within the southern-central portion of the Southern
AOC Area. According to historical documentation, USTs were formerly located within this area.

Constituents of Concern/Objective:

Soil -

A total of nine soil borings (with one being converted to a temporary monitoring well and five
permanent monitoring wells) were evaluated within and surrounding this AOC. Of the nine soil
borings installed, six soil samples were analyzed between the years 2012 and 2020: SB-5 (10-
12’), SB-6 (10-12’), SB-14 (10-12), SB/TMW-14 (1-2’), MW-124 (4-5’) and MW-125 (4-5’). Soil
samples were not collected during the installation of monitoring wells MW-A or MW-B.
Additionally four temporary soil vapor points, C-3, C-4, D-3 and D-4 were installed in 2019.

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):

m VOCs: 2-methylnaphthalene, naphthalene, n-propylbenzene, 1,2,3- 1,2,4- and 1,3,5-
trimethylbenzene at SB-6 (10-12’); n-butylbenzene, sec-butylbenzene, chlorobenzene at SB-
14 (10-12’); n-butylbenzene, sec-butylbenzene, isopropylbenzene, ethylbenzene, 2-
methylnaphthalene, naphthalene, p-isopropyltoluene, n-propylbenzene, 1,2,3- 1,2,4-
and 1,3,5-trimethylbezene, xylenes at SB-5 (10-12’). None detected in remaining
samples analyzed.

m PNAs/SVOCs: Full scan SVOC analysis was only completed at MW-124 and MW-125
locations. Up to nine PNAs were detected at the SB/TMW-14 (1-2’) location with none
exceeding the most restrictive criteria. Eleven SVOCs were detected at the MW-125 (4-5)
sample with phenanthrene exceeding the most restrictive criteria. SVOCs were not
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detected in MW-124 (4-5’). Samples collected from SB-5 (10-12’), SB-6 (10-12’) and SB-14
(10-12’) were not analyzed for PNAs.

m  Metals: arsenic, barium, cadmium, chromium, copper, lead and zinc were detected at
SB/TMW-14 (1-2’), along with mercury which was detected in exceedance of its default
background level. Expanded metal analysis was completed at MW-124 (4-5’) and MW-125
(4-5’) which indicated 21 metals detected, of which aluminum, cobalt, iron, manganese
and/or silver above their most restrictive criteria. Additionally, mercury was detected
exceeding VIAP screening levels at MW-125 (4-5’). SB-5 (10-12’), SB-6 (10-12’) and SB-
14 (10-12’) were not analyzed for metals.

m  PCBs: none detected.

Groundwater —

Groundwater samples were not collected from MW-B. Groundwater samples collected in 2012
from monitoring well MW-A, groundwater samples collected in 2015 from temporary monitoring
well SB/TMW-14, as well as groundwater samples collected in 2020 from monitoring wells MW-
124 and MW-125, detected the following COCs (only bolded COCs exceeded their most
restrictive criteria):

s VOCs: 1,2-dichlorobenzene at MW-A; and chloroethane, trichlorofluoromethane and vinyl
chloride at SB/TMW-14. VOCs were not detected in MW-124 or MW-125.

m PNAs/SVOCs (full scan SVOC analysis was only completed at MW-124 and MW-125): none
detected at SB/TMW-14, MW-124 and MW-125. MW-A was not analyzed for
PNAs/SVOCs.

m  Metals: arsenic and barium at SB/TMW-14. A total of nine metals, of which aluminum, iron
and manganese were detected at levels exceeding the most restrictive criteria at
MW- 124 and MW-125. MW-A was not analyzed for metals.

m  PCBs: none detected at MW-125. SB/TMW-14, MW-A and MW-124 were not analyzed for
PCBs.

Soil Gas —

Soil gas samples collected from temporary soil gas points C-3, C-4, D-3 and D-4, set at a depth
of 5 feet bgs detected multiple VOCs and/or SVOCs. However, all concentrations were below
respective VIAP screening levels, with the exception of trichloroethylene at C-3.

Planned Assessment:

Provided the historical use of this area as a former location of multiple USTs, planned
assessment includes the completion of four test pits, within the area of the former UST
locations. The test pits will extend to the reach of the excavator, no less than 10 feet bgs, to
properly evaluate for the presence of orphaned and/or closed-in-place USTs, should they exist.
Soil samples will be collected from each sidewall (default at approximately 5 feet bgs) and the
bottom of each test pit, with sampling biased to the most contaminated interval, as appropriate.

Additional planned assessment includes installation of two monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth exceeding 15 feet bgs, which indicates sand extending to this
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depth with no clay interface encountered at monitoring well MW-125) will be installed in the
northwestern and southeastern portions of this area. Soil samples will be collected from both
shallow (within the first 5 feet bgs) and deep intervals exhibiting the highest PID readings and/or
which exhibit visual evidence of contamination to determine the source of soil gas vapors
previously detected in soil gas samples collected from this area. Additionally, other soil depth
intervals will be collected following the rationale described above for a maximum of three per
boring.

If the source of soil gas vapors is identified, three soil gas vapor points will be installed within the
subsurface (one upgradient and two downgradient) targeting that location. If it is not identified,
the same sequence will be placed around the perimeter of the former USTs.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds and tetraethyl lead.

Groundwater samples will be collected via low-flow techniques from newly installed monitoring
wells (as well as existing monitoring wells MW-124 and MW-125). Groundwater samples will be
submitted for the SSCCL parameter list (Table 1 and Table 2), plus MI 31 PFAS compounds
and tetraethyl lead.

Soil gas samples will be analyzed for TO-15 analysis for VOCs.

4.2.7 AOC 12 - EMI Interference — GPR Anomaly
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Electromagnetic induction conducted indicated the presence of a large deep void within the
subsurface of this area, which is located within the southern portion of the Southern AOC Area.
Furthermore, a GPR survey conducted within this area indicated an anomaly within the
subsurface.

Constituents of Concern/Objective:

Soil -
A total of three soil borings (all of which were converted to permanent monitoring wells) were
evaluated surrounding this AOC. Of the three soil borings installed, three soil samples were
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analyzed in 2020: MW-101 (2-3’), MW-102 (2-3’) and MW-132 (5.5-6.5’). Additionally two
temporary soil vapor points, F-3 and F-4 were installed in 2019.

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):

m VOCs: none detected at MW-132 (5.5-6.5’). MW-101 (2-3’) and MW-102 (2-3’) were not
analyzed for VOCs.

m PNAs/SVOCs: Multiple SVOCs were detected with naphthalene and phenanthrene
exceeding the most restrictive criteria at MW-132 (5.5-6.5’). MW-101 (2-3’) and MW-102
(2-3’) were not analyzed for SVOCs.

m  Metals: arsenic, barium and/or chromium were detected at MW-101 (2-3’) and MW-102 (2-
3’). Multiple metals were detected at MW-132 (5.5-6.5’) with arsenic, boron, iron,
magnesium, manganese and molybdenum exceeding the most restrictive criteria.
Additionally, mercury was detected exceeding the VIAP screening level at MW- 102 (2-
3’) and MW-132 (5.5-6.5’).

m  PCBs: none detected at MW-132 (5.5-6.5’). MW-101 (2-3’) and MW-102 (2-3’) were not
analyzed for PCBs.

Groundwater —
Groundwater samples collected in 2020 from monitoring wells MW-101, MW-102 and MW-132,
detected the following COCs (only bolded COCs exceeded their most restrictive criteria):

m  VOCs: acetone, chloromethane, 1,4-dioxane, ethylbenzene, naphthalene, toluene, 1,2 4-
and 1,3,5-trimethylbenzene, xylene and methanol were detected at MW-132. VOCs were
not detected at MW-101 or MW-102.

m  SVOCs: carbazole, fluoranthene, naphthalene, 2- and 4-nitrophenol, phenanthrene and
phenol were detected at MW-132. SVOCs were not detected at MW-101 or MW-102.

m  Metals: a total of ten metals, of which aluminum and lead were detected at levels
exceeding the most restrictive criteria at MW-132. MW-101 and MW-102 had no
detections for select metals analyzed.

m  PCBs: none detected at MW-132. MW-101 and MW-102 were not analyzed for PCBs.
m  PFAS: Nine PFAS compounds were detected between MW-101, MW-102 and MW-132, with
PFOA and PFOS exceeding the most restrictive screening levels at MW-132.

Soil Gas —

Soil gas samples collected from temporary soil gas points F-3 and F-4, set at a depth of 5 feet
bgs, detected multiple VOCs and/or SVOCs, however all detections were below the respective
VIAP screening level.

Planned Assessment:

Provided the presence of a large deep void within the subsurface, planned assessment includes
the completion of three test pits within the area of the void. The test pits will extend to the reach
of the excavator, no less than 10 feet bgs, to properly evaluate the deep void and assess for
potential orphaned USTs/buried material. Soil samples will be collected from each sidewall
(default at approximately 5 feet bgs) and the bottom of each test pit, with sampling biased to the
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most contaminated interval, as appropriate.

Additional planned assessment includes installation of two monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth exceeding 15 feet bgs, which indicates sand extending to this
depth with no clay interface encountered at monitoring well MW-102) will be installed in the
eastern and western portions of this area. Soil samples will be collected following the
rationale for selecting depth intervals as described above to determine if this is a potential
source area for contamination observed at this AOC.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for
SSCCL parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds to horizontally and
vertically delineate previous detections.

Groundwater samples will be collected via low-flow techniques from newly installed monitoring
wells (as well as existing monitoring wells MW-101, MW-102 and MW-103). Groundwater
samples will be submitted for SSCCL parameter list (Table 1 and Table 2), plus MI PFAS 31
compounds.

4.3 Northwestern Margin

AOCs 2, 16 and 17 are all included in the Northwestern Margin that will be the focus of the third
phase of the RFI. Description of known uses, investigative work completed so far, and proposed
additional sampling scope to address horizontal and vertical delineation of the area is presented
below. As stated above, start of the second phase of RFI in the Northwestern Margin is planned
to begin in 2024 and be completed Second or Third Quarter 2025. Refer to Figure 4 for a
depiction of planned assessment locations pertaining to each AOC in the Northwestern Margin.

4.3.1 AOC 2- SWMU 2 - Former Burial Area
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The area designated as SWMU-2 (as originally defined in a Preliminary Assessment/Visual Site
Inspection Report (PRC Environmental, 1994) is located within the northwestern portion of the
Site, along the northwestern property boundary, in a vacant wooded area. This location was
reportedly a former burial area for various laboratory wastes utilized by Ethyl from approximately
1962 until 1983.

Constituents of Concern/Objective:

Soil -

A total of twelve soil borings (and four permanent monitoring wells) were evaluated within and
surrounding this AOC. Of the twelve soil borings installed, seven soil samples were analyzed
between the years 2012 and 2016: HA-2 (8’), HA-4 (8’), PSB-127 (6.5-7.5’), PSB-146 (2-3’),
PSB-147 (5-6’), PSB-148 (2-3’), and SB-28 (3-4’). Soil samples were not analyzed for soil
borings PSB- 123, PSB-124, PSB-125, PSB-126, PSB-145 or monitoring wells MW-1, MW-5,
MW-6 or MW-7.

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):
m  VOCs: none detected.

m  PNAs (full scan SVOC analysis was not conducted): anthracene, benzo(a)anthracene,
benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene,
chrysene, dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, phenanthrene
and pyrene at HA-4 (8).

m  Metals: arsenic, barium, cadmium, chromium, copper, lead, selenium and/or zinc. Mercury
was detected at PSB-146 (2-3’), PSB-147 (5-6’), HA-4 (8’), HA-2 (8’), and SB-28 (3-4’).
Mercury was detected exceeding state default background levels at PSB-148 (2-3’).

m  PCBs: none detected.

Groundwater -

Groundwater samples collected in 2012 from MW-7, as well as groundwater samples collected
in 1985 from MW-4 and MW-5 (collected from the deeper water bearing unit of from
approximately 20- 25 feet) detected the following COCs (only bolded COCs exceeded the most
restrictive criteria):

m  VOCs: tetrahydrofuran (MW-4 and MW-5).
s SVOCs: 1,2-dicholorethane (MW-7).
m  Metals: lead (MW-7).

Planned Assessment:

Provided the historical use of this area as a former burial pit for various unknown wastes,
planned assessment includes the completion of up to four test pits to be conducted within each
of the areas corresponding with previously identified magnetic anomalies detected within the
SWMU. Soil samples will be collected from each sidewall and the bottom of each test pit, with
sampling biased to the most contaminated interval based on PID and/or visual impacts.
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Additional planned assessment work includes the installation of two nested sets of monitoring
wells each with five foot screens, provided there is enough vertical space in the sand layer to
accommodate a shallow and a deep nested well. The two shallow wells shall be set within the
shallow overburden straddling the water table and the two deeper nested wells will be set within
the deeper section of the overburden at the base of the sand unit and the top of the clay unit.
One nested set of wells will be installed at the down-gradient edge of the AOC to vertically
profile the groundwater within this area, and the second nested set of wells will be installed in
the center of the AOC. The screened interval for each nested well set is anticipated at
approximately 8-13 feet bgs for shallow and up to 20 - 25 feet bgs for deep. Soil samples will
also be collected from well borings.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds and tetraethyl lead.

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells (as well as existing monitoring wells MW-6 and MW-7). Groundwater samples
will be submitted for the SSCCL parameter list (Table 1 and Table 2), plus Ml PFAS 31
compounds and tetraethyl lead.

4.3.2 AOC 16 — Former Heating Oil UST

.é.

MW-1

Historical documentation indicated the presence of a former heating oil UST within the southern
portion of the northwestern corner of the Site, however EMI conducted did not indicate the
presence of any voids within this area.

Constituents of Concern/Objective:

Soil -
A total of eight soil borings (three of which were permanent monitoring wells) were evaluated

within and surrounding this AOC. Of the eight soil borings installed, three soil samples were
analyzed between 2012 and 2016: HA-1 (8’), PSB-149 (6-7’) and PSB-150 (8.5-9.5’).

The following COCs were detected:
m  VOCs: none detected.
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m PNAs/SVOCs (a full scan SVOC analysis was not completed): benzo(a)anthracene,
chrysene and fluoranthene at HA-1 (8’). None detected in remaining samples analyzed.

m  Metals: multiple metals (including arsenic, barium, cadmium, etc.) in all samples analyzed.
Mercury was also detected at HA-1 (8’) and PSB-149 (6-7’), however below default
background levels.

m  PCBs: samples were not analyzed for PCBs.

Groundwater —

Groundwater sampling data for MW-1 and MW-2 was not disclosed and/or sampling was not
completed. Groundwater samples collected in 2012 from monitoring well MW-7 detected the
following COCs (only bolded COCs exceeded their most restrictive screening criteria):

m VOCs: 1,2-dicholorethane and 1,1,2-trichlorethane.
m PNAs/SVOCs: none detected.
m  Metals: arsenic, barium, chromium, copper, lead, selenium and zinc.

m  PCBs: well was not sampled for PCBs.

Planned Assessment:

Planned assessment includes the advancement of two soil borings, with conversion of at least
one soil boring into a permanent monitoring well, within the location of the former heating oil
UST and vertically screened to the base of the sand unit and the top of the clay unit (estimated
at a depth exceeding 10 feet bgs, based on historical soil boring PSB-140 completed in this
area, exhibiting sand to a maximum depth explored of 10 feet bgs, with no clay interface
encountered). If subsurface structures are identified, soil samples will be collected from a depth
immediately below the base of the structure, with samples biased toward any visual evidence of
contamination and/or PID readings present. Additionally, other soil depth intervals will be
collected following the rationale described above for a maximum of three per boring.

Soil samples collected from each soil boring/monitoring well will be analyzed for the SSCCL
parameter list (Table 1 and Table 2).

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring well (as well as existing monitoring well MW-2). Groundwater samples will be
submitted for the SSCCL parameter list (Table 1 and Table 2).
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4.3.3 AOC 17 — EMI Interference

EMI conducted indicated the presence of one deep void within the subsurface of this area, which
is located within the southern portion of the northwestern corner of the Site. The presence of a
deep void indicates the potential for buried material, disturbed subsurface soils and/or orphaned
underground tanks.

Constituents of Concern/Objective:

Soil -

A total of four soil borings (one of which was converted to a monitoring well) were evaluated
within and surrounding this AOC. Of the four soil borings installed, no soil samples were
collected and submitted for analysis. Therefore, the presence of soil COCs need to be
determined for this area.

Groundwater —

Groundwater sampling data for MW-3 was not disclosed and/or was sampling was not
completed. Therefore, the presence of groundwater COCs need to be determined for this area.

Planned Assessment:

Provided the presence of a deep void within the subsurface, planned assessment includes the
completion of two test pits. The test pits will extend to the reach of the excavator, no less than
10 feet bgs, to properly evaluate the deep voids and assess for potential orphaned USTs/buried
material. Soil samples will be collected from each sidewall (default at approximately 5 feet bgs)
and the bottom of each test pit, with sampling biased to the most contaminated interval, as
appropriate.

Additional planned assessment includes installation of two nested sets of shallow and deep
monitoring wells provided there is enough vertical space in the sand layer to accommodate a
shallow and a deep nested well. Each well will have a five-foot screen. The two shallow wells
shall be set within the shallow overburden straddling the water table and the two deeper wells will be
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set within the deeper section of the overburden at the base of the sand unit and the top of the clay
unit. The nested well sets will be installed in the central and southeastern portions of this area.
If subsurface structures are identified, soil samples will be collected from a depth immediately
below the base of the structure, with samples biased toward any visual evidence of
contamination and/or PID readings present. Additionally, other soil depth intervals will be
collected following the rationale described above for a maximum of three per boring.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list compounds (Table 1 and Table 2) to determine if any site-related
contamination exists.

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells (as well as existing monitoring well MW-3). Groundwater samples will be
submitted for the SSCCL parameter list (Table 1 and Table 2).

44 Northcentral Area

AOCs 1, 4, 5, 6, 13 and 18 are included in the Northcentral Area that will be the focus of the third
phase of the RFI. Description of known uses, investigative work completed so far, and proposed
additional sampling scope to address horizontal and vertical delineation of the area is presented
below. As stated above, start of the third phase of RFI in the Northcentral Area is planned to
begin in the 2026 and be completed by the second or third quarter 2027. Refer to Figure 5 for a
depiction of planned assessment locations pertaining to each AOC in the Northcentral Area.

4.4.1 AOC 1- SWMU 1- Former Drum Storage Area
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The area designated as SWMU-1 (as originally defined in a Preliminary Assessment/Visual Site
Inspection Report (PRC Environmental, 1994) is a former drum storage area and is located
within the north-central portion of the Site, in a sparsely wooded area. The area formerly
consisted of an approximately 12,000 square foot exterior concrete pad.
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Constituents of Concern/Objective:

Soil -

A total of eight soil borings (with three being converted to temporary monitoring wells) were
evaluated within and surrounding this AOC. Of the eight soil borings installed, seven soil
samples were analyzed between the years 2012 and 2015: SB/TMW-5 (1-2’), SB/TMW-7 (8-9’),
SB/TMW-9 (1-2’), SB-23 (8-10’), PSB-142 (8-9’), PSB-156 (4-5’) and PSB-157 (4-5’). Soil
samples were not analyzed for soil boring SB-6 or monitoring well MW-13.

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):

m  VOCs: sec-butylbenzene, p-isopropyltoluene, 1,2-dichlorobenzene, and 1,3-
dichlorobenzene at SB-33 (8-10’).

m  PNAs (full scan SVOC analysis was not conducted): none detected.

m  Metals: arsenic, barium, chromium copper, lead, selenium and/or zinc at each soil sample.
Mercury was also detected at SB-9 (1-2’).

m  PCBs: none detected.

Groundwater -

Groundwater sampling data for MW-13 was not disclosed and/or this well was historically never
sampled. Groundwater samples collected in 2015 from temporary monitoring wells SB/TMW-5
and SB/TMW-6 detected the following COCs:

m VOCs: none detected.
m  SVOCs: none detected.

m  Metals: barium and zinc.

Based on limited previous sampling in this AOC, COCs cannot be refined, therefore a more
comprehensive COC list will be analyzed. This AOC is still in a discovery phase of investigation.
The objective of additional sampling will be to detect COCs and vertically and horizontally
delineate any potential COCs in this AOC.

Planned Assessment:

Provided the historical use of this area as a former drum storage area for various unknown
chemicals, planned assessment includes the installation of three nested sets of permanent
monitoring wells, placed within the northwestern, central and southeastern portions of the former
drum storage area to evaluate soil and groundwater conditions in a cross-gradient direction. The
nested well sets will consist of one shallow and one deep monitoring well per set provided there
is enough vertical space in the sand layer to accommodate a shallow and a deep nested well.
The shallow wells shall be set within the shallow overburden straddling the water table and the
deeper wills will be set within the deeper section of the overburden at the base of the sand unit
and the top of the clay unit. Each well will have a five-foot screen.

Soil samples collected from each soil boring/monitoring well will be analyzed for the SSCCL list
parameters (Table 1 and Table 2) plus PCBs, tetraethyl lead and MI PFAS 31 compounds. A
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minimum of two and maximum of three soil sample depth intervals will be collected per boring.
The surface depth immediately below ground cover (if present) and bottom of boring 0-6 inch
interval should be collected. If elevated photoionization detector (PID) levels or visibly impacted
intervals are observed, particularly at the depth immediately above the water table interface, then
that depth interval will also be collected.

Groundwater samples will be collected via low-flow sampling techniques from newly installed
monitoring wells (as well as existing monitoring well MW-13). Groundwater samples will be
submitted for the SSCCL list parameters (Table 1 and Table 2) plus PCBs, tetraethyl lead and
MI PFAS 31 compounds.

4.4.2 AOC4-SWMU 4

& i PR T
5]
T i hW-11
o]
r
7 -
b

L

PRSI T T Lo
q ke, | i
The area designated as solid waste management unit (SWMU) SWMU-4 (as originally defined
in a Preliminary Assessment/Visual Site Inspection Report (PRC Environmental, 1994) is
located in the north-central portion of the Site, within a heavily wooded area. This area was
formerly utilized as a container and tank storage area that consisted of an approximately 1,500
square foot concrete pad with a curb, which was covered with a roof and secured with a chain
linked fence. This area became active in 1987 for the staging of waste prior to disposal.

Constituents of Concern/Objective:

Soil -

A total of four soil borings (with one being converted to a temporary monitoring well) and one
permanent monitoring well were evaluated within and surrounding this AOC. Of the four soil
borings installed, four soil samples were analyzed between the years 2012 and 2015: SB/TMW-4
(1-2’), SB- 24 (8-10’), PSB-140 (3-4’) and PSB-141 (7-8’). Soil samples were not analyzed for
monitoring well MW-11.

The following COCs were detected:
m  VOCs: none detected.
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m  PNAs (full scan SVOC analysis was not conducted): none detected.

m  Metals: arsenic, barium, cadmium, chromium, copper, lead, selenium and/or zinc at all soil
sample locations. Mercury was also detected at SB/TMW-4 (1-2).

m  PCBs: none detected at all of the sample locations. PSB-141 (7-8’) was not analyzed for
PCBs.

Groundwater —

Groundwater samples collected in 2012 from MW-11; as well as groundwater samples collected
in 2015 from temporary monitoring well SB/TMW-4, detected the following COCs (only bolded
COCs exceeded the most restrictive criteria):

= VOCs: 1,1 and 1,2-dicholorethane (MW-11).
m  SVOCs: none detected.
m  Metals: barium, selenium and/or zinc (MW-11 and SB/TMW-4).

m  PCBs: wells were not analyzed for PCBs.

Further delineation of VOCS (e.g., 1,1 and 1,2-dicholorethane) in groundwater for COCs
potentially associated with the historical chemical storage area, and physical and chemical
characterization and vertical and horizontal delineation of potential groundwater impacts in the
overburden form the objective for this AOC investigation. The unspecified laboratory wastes
could be associated with virtually any chemicals used, stored, managed, or disposed onsite.
COCs should target a broad spectrum of analysis to ensure current comprehensive analyses
are completed.

Planned Assessment:

Provided the historical use of this area as a former container and tank storage area, planned
assessment includes the completion of two soil borings, within the area of the identified
electromagnetic anomaly present in the south/southwestern portion of the former SWMU. The
soil borings will be conducted within the southern/southwestern portion of the former SWMU and
extend to an approximate depth of 25 feet bgs to properly evaluate for the presence of buried
orphaned tanks/sumps/vaults. If subsurface structures are identified, soil samples will be
collected from a depth immediately below the base of the structure, with samples biased toward
any visual evidence of contamination and/or PID readings present. Additionally, other soil depth
intervals will be collected following the rationale described above for a maximum of three per
boring.

Additional planned assessment work includes the installation of two nested sets of permanent
monitoring wells within the central and southeastern portions of the AOC to evaluate soil and
groundwater conditions in a cross-gradient direction. The nested well sets will consist of one
shallow and one deep monitoring well per set provided there is enough vertical space in the
sand layer to accommodate a shallow and a deep nested well. The shallow wells shall be set
within the shallow overburden straddling the water table and the deeper wills will be set within
the deeper section of the overburden at the base of the sand unit and the top of the clay unit.
Each well will have a five-foot screen.
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Soil samples collected from each soil boring/monitoring well will be analyzed for the SSCCL
parameter list (Table 1 and Table 2) plus tetraethyl lead and Ml PFAS 31 compounds.

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells. Groundwater samples will be submitted for the SSCCL parameter list (Table 1
and Table 2), with specific wells analyzed for tetraethyl lead, and Ml PFAS 31 compounds.

4.4.3 AOC 5 - Former Disposal Pit Area

g  PsB.153  PSB-154 *

This location was a former burial area for various unknown wastes utilized by Ethyl from
approximately 1948 until 1962. Specifically, reactive sodium compounds were reacted with
water and the resultant residue was buried within this area.

Constituents of Concern/Objective:

Soil -

A total of nine soil borings (with one being converted to a temporary monitoring well) were
evaluated within and surrounding this AOC. Of the nine soil borings installed, five soil samples
were analyzed between the years 2012 and 2016: HA-3 (8’), SB/ITMW-26 (2-3’), PSB-153 (7-
8’), PSB-165 (6-7’) and PSB-168 (2-3’). Soil samples were not collected from soil borings PSB-
154, PSB-155, PSB-166 or PSB-167.

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):
m  VOCs: trichloroethylene at PSB-168 (2-3’). Not detected at remaining samples analyzed.

m  PNAs (full scan SVOC analysis was not conducted): benzo(a)anthracene, benzo(a)pyrene,
benzo(b)fluoranthene, benzo(k)fluoranthene, benzo(g,h,i)perylene, chrysene, fluoranthene,
indeno(1,2,3-cd)pyrene, phenanthrene, pyrene at HA-3 (8’). Not detected at remaining
samples analyzed.
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m  Metals: arsenic, barium, cadmium, chromium, copper, lead, selenium and/or zinc. Mercury
was also detected at PSB-168 (2-3’) above default background levels and also at HA-3
(8’), however below default background levels.

m  PCBs: none detected at the sample locations analyzed. PSB-168 (2-3’) and SB/TMW-26
(2- 3’) were not analyzed for PCBs.

Groundwater —

Groundwater samples collected in 2016 from temporary monitoring well SB/TMW-26, detected
the following COCs (only bolded COCs exceeded their most restrictive criteria):

m  VOCs: trichloroethylene, 1,1,2-trichloroethane, 1,2-dichloroethane and 1,1,2,2-
tetrachloroethane.

m  SVOCs: none detected.
m  Metals: none detected.

m  PCBs: well was not analyzed for PCBs.

Planned Assessment:

Provided the historical use of this area as a former disposal pit, planned assessment includes
the completion of four test pits, within the area of the identified electromagnetic anomalies. The
test pits will extend to the reach of the excavator, no less than 10 feet bgs, to properly evaluate
for the presence of buried materials. Soil samples will be collected from each sidewall (default at
approximately 5 feet bgs) and the bottom of each test pit, with sampling biased to the most
contaminated interval, as appropriate.

Additional planned assessment includes installation of three monitoring wells within the former
disposal pit area. Specifically, monitoring wells will be installed that are vertically screened to
the base of the sand unit and in contact with the underlying clay unit (at a depth greater than 15
feet bgs, according to historical boring logs completed for this area) and located within the
southwestern, northern and eastern/southeastern portions of the former disposal pit area. One
shallow surface sample (1-2 feet bgs) and one sample at depth (to be determined based on
visual/PID readings) will be collected from each of the soil borings/monitoring wells during
installation, with the collection of soil sample intervals not to exceed six inches.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2), tetraethyl lead and Ml PFAS 31 compounds.

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells (as well as existing monitoring well MW-26). Groundwater samples will be
submitted for the SSCCL parameter list (Table 1 and Table 2), tetraethyl lead and MI PFAS 31
compounds.
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4.4.4 AOC 6 — EMI Interference — GPR Anomaly Area/Concrete Pad Burn Pit
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EMI conducted across the Site indicated the presence of deep and shallow voids within the
subsurface of this area, which is located within the northern-central portion of the Site. The
presence of deep and shallow voids indicate the potential for buried material, disturbed
subsurface soils and/or orphaned underground tanks. Furthermore, GPR surveys conducted
within this area indicated anomalies within the subsurface, which may also indicate the
presence of orphaned underground tanks. According to historical documents, a burn pit,
consisting of a concrete pad, was historically located within this area as well as a depression
pond and notable ground disturbance/soil stockpiles.

Constituents of Concern/Objective:

Soil -

A total of twelve soil borings (with three being converted to temporary monitoring wells) were
evaluated within and surrounding this AOC. Of the twelve soil borings installed, twelve soil
samples were analyzed between the years 2012 and 2016: SB/TMW-1 (5-6’), SB/TMW-2 (3-4’),
SB/TMW-27 (4-5’), SB-28 (10-12’), SB-29 (10-12’), PSB-169 (2-3’), PSB-170 (2-3’), PSB-171 (2-
3’), PSB-172 (1-2’), PSB-182 (4-5’), PSB-183 (3-4’) and PSB-184 (4-5).

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria)

m  VOC:s: trichloroethylene at PSB-170 (2-3’) and PSB-171 (2-3’); tetrachloroethylene at PSB-
171 (2-3); toluene at PSB-170 (2-3’); and naphthalene at SB/TMW-27 (4-5’). Not detected
at remaining samples analyzed.

m  PNAs (full scan SVOC analysis was not conducted): up to 18 PNAs were detected at
SB/TMW-27 (4-5’) and PSB-170 (2-3’) with multiple constituents exceeding the most
restrictive criteria. Multiple PNAs were also detected at and PSB-182 (4-5’), however
concentrations were below respective criteria. Fluoranthene was detected at SB-29 (10-12’).
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m  Metals: arsenic, barium, cadmium, chromium, copper, lead, selenium, silver and/or zinc.
Mercury was also detected at SB/TMW-27 (4-5’) and PSB-170 (2-3’) above default
background levels and at SB/TMW-2 (3-4’), SB-29 (10-12’), PSB-169 (2-3’), PSB-171 (2-
3’) and PSB-172 (1-2’), however below default background levels.

m  PCBs: detected at PSB-171 (2-3’). Not detected at remaining samples analyzed.

Groundwater —

Groundwater samples were not collected from temporary monitoring wells SB/TMW-1 or
SB/TMW-2. Groundwater samples collected in 2016 from temporary monitoring well SB/TMW-
27, detected the following COCs:

s VOCs: none detected.

m  SVOCs: none detected.

m  Metals: arsenic.

m  PCBs: not analyzed for PCBs.

Planned Assessment:

Provided the historical use of this area as a former burn pit, planned assessment includes the
completion of four test pits, within the area of the identified electromagnetic anomalies. The test
pits will extend to the reach of the excavator, no less than 10 feet bgs, to properly evaluate for
the presence of buried materials. Soil samples will be collected from each sidewall (default at
approximately 5 feet bgs) and the bottom of each test pit, with sampling biased to the most
contaminated interval, as appropriate.

Additional planned assessment includes installation of four monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth of approximately 23 feet bgs, according to historical boring log
SB-1 completed within the central-western portion of this AOC) will be installed in the
northwestern, central, eastern and southeastern portions of this area. However, depth of sand
layer was also encountered at historical boring PSB-183 (located within the central-eastern
portion of the AOC) at a depth of approximately 7 feet bgs. Therefore, wells will be screened
based upon field observations of encountered sand/clay interface depth, which may result in
differential depth intervals to properly characterize the sand unit. Additionally, other soil depth
intervals will be collected following the rationale described above for a maximum of three per
boring.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2), PCBs, dioxins/furans and MI PFAS 31
compounds.

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells. Groundwater samples will be submitted for the SSCCL parameter list (Table 1
and Table 2), PCBs, dioxins/furans and MI PFAS 31 compounds.
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4.4.5 AOC 13— EMI Interference

Electromagnetic induction conducted indicated the presence of approximately four deep voids
within the subsurface of this area, which is located within the northeastern portion of the Site.

Constituents of Concern/Objective:

Soil -

A total of seven soil borings (one of which was converted to a monitoring well) were evaluated
within and surrounding this AOC. Of the seven soil borings installed, six soil samples were
analyzed between 2012 and 2016: SB-22 (8-10’), PSB-158 (4-5’), PSB-159 (6-7’), PSB-160 (2-
3’), PSB-161 (4-5’) and PSB-178 (3-4’). No soil samples were collected during the installation of
MW-14 (also known as MW-C).

The following COCs were detected:
m  VOCs: none detected.
m PNAs/SVOCs (a full scan SVOC analysis was not completed): none detected.

m  Metals: arsenic, barium chromium, copper, lead, selenium and/or zinc at all samples
collected. Mercury was also detected at SB-22 (8-10’), however below default background
levels.

m  PCBs: none detected at SB-22 (8-10’), PSB-159 (6-7’), PSB-160 (2-3’). PSB-158 (4-5),
PSB-161 (4-5’) and PSB-178 (3-4’) were not analyzed for PCBs.

Groundwater —

Groundwater samples collected in 2015 from monitoring well MW-14 (also referred to as MW-C)
detected the following COCs:

m  VOC:s: trichloroethylene, however below the most restrictive criteria.
m  SVOCs: not sampled for PNAs/SVOCs.
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m  Metals: not sampled for metals.
m  PCBs: not sampled for PCBs.

Planned Assessment:

Provided the presence of a large deep void within the subsurface, planned assessment includes
the completion of two test pits, within the area of the void. The test pits will extend to the reach
of the excavator, no less than 10 feet bgs, to properly evaluate the deep void and assess for
potential orphaned USTs/buried material. Soil samples will be collected from each sidewall
(default at approximately 5 feet bgs) and the bottom of each test pit, with sampling biased to the
most contaminated interval, as appropriate.

Additional planned assessment includes installation of two monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth exceeding 12 feet bgs, which indicates sand extending to this
depth with no clay interface encountered at soil boring SB-22) will be installed in the
northeastern and southwestern portions of this area. If subsurface structures are identified, soil
samples will be collected from a depth immediately below the base of the structure, with
samples biased toward any visual evidence of contamination and/or PID readings present.
Additionally, other soil depth intervals will be collected following the rationale described above
for a maximum of three per boring.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2).

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells (as well as existing monitoring well MW-14). Groundwater samples will be
submitted for the SSCCL parameter list (Table 1 and Table 2).

4.4.6 AOC 18 — EMI Interference — GPR Anomaly

EMI conducted indicated the presence of one large deep void within the subsurface of this area,
which is located within the central northwestern portion of the Site. Historical documentation
indicates the presence of a former UST within this AOC as well.
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Constituents of Concern/Objective:

Soil -
A total of five soil borings (one of which was converted to a monitoring well) were evaluated

within and surrounding this AOC. Of the five soil borings installed, two soil samples were
analyzed in 2016: PSB-139 (6.5-7.5’) and PSB-141 (7-8’).

The following COCs were detected:

m  VOCs: none detected.

m  PNAs/SVOCs (full scan SVOC analysis was not completed): none detected.
m  Metals: arsenic, barium, chromium, copper, lead and zinc.

m  PCBs: samples were not analyzed for PCBs.

Groundwater —

Groundwater samples collected in 2012 from monitoring well MW-12 detected the following
COCs:

m  VOCs: none detected.
m PNAs/SVOCs: none detected.
m  Metals: barium.

m  PCBs: well was not sampled for PCBs.

Planned Assessment:

Provided the presence of a deep void within the subsurface as well as the former UST pit,
planned assessment includes the completion of three test pits to assess the deep void and one
within the southeastern corner to assess the former UST pit. The test pits will extend to the
reach of the excavator, no less than 10 feet bgs, to properly evaluate the deep void and assess
for potential orphaned USTs/buried material. Soil samples will be collected from each sidewall
(default at approximately 5 feet bgs) and the bottom of each test pit, with sampling biased to the
most contaminated interval, as appropriate.

Additional planned assessment includes installation of two monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth exceeding 15 feet bgs, which indicates sand extending to this
depth with no clay interface encountered at soil borings PSB-139) will be installed in the central
and southeastern portions of this area. If subsurface structures are identified, soil samples will be
collected from a depth immediately below the base of the structure, with samples biased toward
any visual evidence of contamination and/or PID readings present. Additionally, other soil depth
intervals will be collected following the rationale described above for a maximum of three per
boring.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2), PCBs and tetraethyl lead.
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Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells. Groundwater samples will be submitted for the SSCCL parameter list (Table 1
and Table 2), PCBs and tetraethyl lead.

4.5 Northeastern Area

AOCs 14, 19 and 20 are all included in the Northeastern Area that will be the focus of the fourth
phase of the RFI. Description of known uses, investigative work completed so far, and proposed
additional sampling scope to address horizontal and vertical delineation of the area is presented
below.

As stated above, start of the fourth phase of RFI in the Northeastern Area is planned to begin in
2028 and be completed by the Second or Third Quarter 2029. However, as this Area lies within
the eastern boundary of the Site, groundwater and soil gas investigations are currently
proceeding to determine if off-site migration of VOCs is occurring. The work completed to
address the eastern boundary concerns are further described in the April 2022 RCRA Interim
Work Plan Investigation Report — Eastern Site Boundary Report. Refer to Figure 6 for a
depiction of planned assessment locations pertaining to each AOC in the Northeastern Area.

4.5.1 AOC 14 — EMI Interference
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EMI conducted indicated the presence of a large area of deep and shallow voids within the
subsurface of this area, which is located within the northeastern-most portion of the Site. This
large subsurface void area may be attributed to disturbed soil/non-native material fill and/or the
presence of buried material.

Constituents of Concern/Objective:

Soil -
A total of eight soil borings (two of which were converted to permanent monitoring wells) were
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evaluated within and surrounding this AOC. Of the eight soil borings installed, six soil samples
were analyzed between 2016 and 2020: PSB-116 (3-4’), PSB-117 (2-3’), MW-113 (2-3’) and (7-
8’) and MW-119 (2-3’) and (6-7’).

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria):

s VOCs: 2-methynaphthalene at PSB-116 (3-4’) and methanol at MW-113 (2-3’) and (7-8’)
and MW-119 (6-7’).

m PNAs/SVOCs (full scan SVOC analysis was not completed): multiple PNAs detected at SB-
116 (3- 4’) and SB-117 (2-3’) with benzo(a)pyrene, benzo(b)fluoranthene,
benzo(k)fluoranthene and naphthalene detected at SB-117 (2-3’). PNAs were not
detected at other sample locations.

m  Metals: multiple metals were detected in all samples collected. Specifically, mercury was
detected above default background levels and VIAP screening levels at PSB-117 (2-
3’) and arsenic and selenium in excess of lowest screening levels at MW-119 (2-3’).

m  PCBs: nosamples were analyzed for PCBs.

Groundwater —

Groundwater samples collected in 2020 from monitoring wells MW-113 and MW-119 detected
the following COCs:

s VOCs: methanol at MW-119.

m  SVOCs: none detected.

m  Metals: none detected.

m  PCBs: no samples were analyzed for PCBs.
m  PFAS: none detected.

Planned Assessment:

Provided the presence of shallow and deep voids within the subsurface and previous
exceedances in soil, planned assessment includes the completion of four test pits. The test pits
will extend to the reach of the excavator, no less than 10 feet bgs, to properly evaluate the deep
voids and assess for potential orphaned USTs/buried material. Soil samples will be collected
from each sidewall (default at approximately 5 feet bgs) and the bottom of each test pit, with
sampling biased to the most contaminated interval, as appropriate.

Additional planned assessment includes installation of two monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth exceeding 15 feet bgs, which indicates sand extending to this
depth with no clay interface encountered at soil borings PSB- 118 and PSB-119) will be installed
in the central-northern and southeastern portions of this area. If subsurface structures are
identified, soil samples will be collected from a depth immediately below the base of the
structure, with samples biased toward any visual evidence of contamination and/or PID readings
present. Additionally, other soil depth intervals will be collected following the rationale described
above for a maximum of three per boring.
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Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2).

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells (as well as existing monitoring wells MW-113 and MW-119). Groundwater
samples will be submitted for the SSCCL parameter list (Table 1 and Table 2).

4.5.2 AOC 19-TCE

PSBE-162 T

Constituents of Concern/Objective:

Soil -

A total of eleven soil borings (five of which were converted to permanent monitoring wells) were
evaluated within and surrounding this AOC. Of the eleven soil borings installed, five soil
samples were analyzed between 2016 and 2020: PSB-144 (8-9’), PSB-161 (4-5’), MW-108 (4-
5’), MW-109 (4-5’) and MW-110 (4-5).

The following COCs were detected:

m  VOCs: methanol at MW-108 (4-5’), MW-109 (4-5’) and MW-110 (4-5’).

m PNAs/SVOCs (full scan SVOC analysis was not completed): none detected.

m  Metals: barium and chromium at MW-108 (4-5’), MW-109 (4-5’) and MW-110 (4-5).

m  PCBs: samples were not analyzed for PCBs.
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Groundwater —

Groundwater samples collected in 2020 from monitoring wells MW-109, MW-110, MW-111 and
MW- 112 detected the following COCs (only bolded COCs exceeded their most restrictive
criteria):

m  VOCs: trichloroethylene at MW-111 exceeding VIAP screening levels and
trichlorofluoromethane at MW-108.

m  SVOCs (full scan SVOC analysis was not completed): none detected.
m  Metals: arsenic at MW-114.
m  PCBs: no samples were analyzed for PCBs.

m  PFAS: a total of seven PFAS compounds were detected between samples collected from
MW-109, MW-110, MW-111 and MW-112, with PFOA exceeding the most restrictive
criteria at MW-109 and MW-112.

Soil Gas —

Temporary soil vapor points 18VP-1, 18VP-2 and 18VP-3 (each set at 5 feet bgs) installed by
EGLE in August 2018, to the east of AOC 19 across Pinecrest Drive, exhibited trichloroethylene
and tetrachloroethylene concentrations in 18VP-1 and 18VP-2. Trichloroethylene exceeded
VIAP screening levels at 18VP-1 and 18VP-2.

Planned Assessment:

As part of Atlas’ RCRA CCR September 2021 submittal, the installation of 14 soil vapor points
traversing north-south along the eastern boundary of the Site was proposed to monitor
trichloroethylene concentrations along this boundary. Atlas completed the installation of the soil
vapor points (named VP-1 through VP-14) in November 2021. Additionally, collection of
groundwater samples via low-flow methodology was conducted at thirteen existing monitoring
wells (MW-104 through MW-113 and MW-119 through MW-121) along the eastern boundary of
the Site to assess for the potential of off-site COC migration through the groundwater media.
Data obtained from the soil vapor sampling and groundwater sample collection was submitted to
the EGLE in the RCRA Interim Work Plan Investigation Report — Eastern Site Boundary Report
(April 2022).

The planned assessment of this AOC will incorporate the data obtained from the soil vapor
sampling and groundwater sampling conducted along the eastern boundary. To accomplish this
RFI goal, the installation of three monitoring wells will be conducted. Specifically, monitoring
wells that are vertically screened to the base of the sand unit and in contact with the underlying
clay unit (at a depth exceeding 10 feet bgs, which indicates sand extending to this depth with no
clay interface encountered at soil borings PSB-179, PSB-180 and PSB-195) will be installed in
the northwestern, central and southeastern portions of this area. Soil samples will be biased
toward any visual evidence of contamination and/or photoionization (PID) readings present
following sample depth selection rationale described above.

Soil samples collected from each soil boring/monitoring well will be analyzed for the SSCCL
parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds.
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Groundwater samples will be collected via low-flow techniques from newly installed monitoring
wells (as well as existing monitoring wells MW-109, MW-110, MW-111 and MW-112).
Groundwater samples will be submitted for the SSCCL parameter list (Table 1 and Table 2) plus
MI PFAS 31 compounds.

Soil gas samples will be analyzed for TO-15 analysis.

4.5.3 AOC 20 - TCE/SVOC/VOCs

184

PSB-176

1B

Constituents of Concern/Objective:

Soil -

A total of eleven soil borings (five of which were converted to temporary monitoring wells and
one completed as a permanent monitoring well) were evaluated within and surrounding this
AOC. Of the eleven soil borings installed, ten soil samples were analyzed between 2015 and
2020: SB/TMW-3R (3-4’), SB/ITMW-22 (3-4’), SB/TMW-23 (4-5’), SB/TMW-24 (3-4’), PSB-174
(5-6’), PSB-175 (2-3’), PSB-177 (5.5-6.5’), PSB-178 (3-4’) and MW-120 (2-3’) and (4-5’).

The following COCs were detected:
= VOCs: methanol at MW-120 (4-5').

m PNAs/SVOCs (full scan SVOC analysis was not completed): multiple SVOCs were
detected at SB/TMW-3R (3-4’), SB/TMW-22 (3-4’), SB/TMW-23 (4-5’) and SB/TMW-24 (3-
4’), however only fluoranthene and phenanthrene at SB/TMW-3R (3-4’) exceeded
lowest respective screening levels.

m  Metals: multiple metals detected at each sampling location with arsenic at PSB-178 (3-4’).
Additionally, mercury was detected at SB/TMW-22 (3-4’) and at PSB-175 (2-3’), however
below default background levels.

m  PCBs: none detected at SB/TMW-3R (3-4’), SB/TMW-22 (3-4’), SB/TMW-23 (4-5),
SB/TMW-24 (3-4’) and PSB-175 (2-3’). Remaining samples were not analyzed for PCBs.
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Groundwater —

Groundwater samples collected in 2015 and/or 2016 from temporary monitoring wells SB/TMW-
3, SB/TMW-3R, SB/TMW-22, SB/TMW-23 and SB/TMW-24 and in 2020 from monitoring well
MW-120 detected the following COCs (only bolded COCs exceeded their lowest respective
screening criteria):

m  VOCs: benzene, chlorobenzene (exceedance only at SB/TMW-3), trichloroethylene
(SB/TMW-22 only) and methanol (MW-120 only).

m SVOCs (full scan SVOC analysis was not completed): none detected.
m  Metals: arsenic, barium and/or zinc at SB/TMW-3 and SB/TMW-24.
m  PCBs: no samples were analyzed for PCBs.

m  PFAs: atotal of three PFAS compounds were detected at MW-120, however all were below
the most restrictive criteria.

Planned Assessment:

As part of Atlas’ RCRA CCR September 2021 submittal, the installation of 14 soil vapor points
traversing north-south along the eastern boundary of the Site was proposed to monitor
trichloroethylene concentrations along this boundary. Atlas completed the installation of the soil
vapor points (named VP-1 through VP-14) in November 2021. Additionally, collection of
groundwater samples via low-flow methodology was conducted at thirteen existing monitoring
wells (MW-104 through MW-113 and MW-119 through MW-121) along the eastern boundary of
the Site to assess for the potential of off-site COC migration through the groundwater media.
Data obtained from the soil vapor sampling and groundwater sample collection was provided to
the EGLE in the RCRA Interim Work Plan Investigation report — Eastern Site Boundary Report
(April 2022).

The planned assessment of this AOC will incorporate the data obtained from the soil vapor
sampling and groundwater sampling conducted along the eastern boundary. To accomplish this
RFI goal, and provided the presence of a large shallow void identified within the subsurface
along the central portion of the area, planned assessment includes the completion of three test
pits to assess the shallow void. The test pits will extend the reach of the excavator, no less than
10 feet bgs, to properly evaluate the shallow void and assess for potential orphaned USTs/buried
material. Soil samples will be collected from each sidewall (at approximately 5 feet bgs) and the
bottom of each test pit, with sampling biased to the most contaminated interval, as appropriate.

Additional planned assessment includes installation of two monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth exceeding 12 feet bgs, which indicates sand extending to this
depth with no clay interface encountered at soil borings SB- 22, SB-23 and PSB-177) will be
installed in the northwestern and central-southern portions of this area. If subsurface structures
are identified, soil samples will be collected from a depth immediately below the base of the
structure, with samples biased toward any visual evidence of contamination and/or PID readings
present. Additionally, other soil depth intervals will be collected following the rationale described
above for a maximum of three per boring.
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Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2), plus Ml 31 PFAS compounds.

Groundwater samples will be collected via low-flow techniques from newly installed monitoring
wells (as well as existing monitoring well MW-120). Groundwater samples will be submitted for
the SSCCL parameter list (Table 1 and Table 2), plus Ml PFAS 31 compounds.

Soil gas samples will be submitted for TO-15 analysis.

4.6 Northern Margin

AOC 15 is included in the Northern Margin that will be the focus of the final phase of the RFI.
Description of known uses, investigative work completed so far, and proposed additional
sampling scope to address horizontal and vertical delineation of the area is presented below. As
stated above, start of the fifth phase of RFI in the Northern Margin is planned to begin in 2030
and be completed by the second or third quarter 2031. Refer to Figure 7 for a depiction of
planned assessment locations pertaining to each AOC.

4.6.1 AOC 15 - Historical Ground Disturbances

FSE-I04 PEE-_105 EPEB-108 psBE-410 PEE-112
" Y ¢ * . T
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Historical aerial photographs (particularly from the 1930s to the 1960s) identified areas of
disturbance on the sparsely developed northern portion of the property. Indications of disturbed
soil including a depression pond and soil stockpiles have been documented within this area.

Constituents of Concern/Objective:

Soil -

A total of sixteen soil borings (two of which were converted to permanent monitoring wells) were
evaluated within and surrounding this AOC. Of the sixteen soil borings installed, fifteen soil
samples were analyzed between 2016 and 2020: PSB-102 (2.5-3.5’), PSB-103 (12-13’), PSB-
104 (9-10’), PSB-106 (8-9’), PSB-109 (12-13’), PSB-110 (3-4’), PSB-111 (7-8’), PSB-112 (8-9’),
PSB-113 (8-9'), PSB-114 (3-4’), PSB-115 (3.5-4.5), MW-114 (3-4’) and (8-9’) and MW-115 (2-3’)
and (7-8).

The following COCs were detected (only bolded COCs exceeded their most restrictive criteria)

s VOCs: multiple VOCs including benzene, n-butylbenzene, sec-butylbenzene, 2-
methylnaphthalene, naphthalene, n-propylbenzene, toluene, 1,2,3- 1,2,4- and 1,3,5
TMBs and/or xylenes at PSB-103 (12-13’), PSB-104 (9-10’), PSB-110 (3-4’), PSB-111 (7-
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8'), PSB-112 (8-9), PSB-113 (8-9’), PSB-114 (3-4’) and PSB-115 (3.5-4.5'). Methanol at MW-
114 (3-4’) and (8-9') and MW-115 (7-8)).

m  PNAs/SVOCs (full scan SVOC analysis was not completed): multiple PNAs detected
including benzo(a)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, fluoranthene
and/or phenanthrene at PSB-111 (7-8’), PSB-113 (8-9’), PSB-114 (3-4’), PSB-115 (3.5-
4.5’) and MW-114 (3-4’).

m  Metals: multiple metals were detected in all samples collected. Specifically, mercury in
excess of default background levels and/or VIAP screening level was detected at
PSB-103 (12- 13’), PSB-104 (9-10’), PSB-109 (12-13), PSB-112 (8-9’), PSB-113 (8-9’),
PSB-115 (3.5-4.5’), MW-114 (3-4’) and MW-115 (7-8’). Mercury was also detected at PSB-
106 (8-92’), however below default background levels.

m  PCBs: detected at PSB-103 (12-13’), however below the most restrictive criteria.

Groundwater —
Groundwater samples collected in 2020 from monitoring wells MW-114 and MW-115 detected
the following COCs (only bolded COCs exceeded their most restrictive criteria):

m  VOCs: benzene, 1,2-dicholorethane (including cis- and trans-), naphthalene,
trichloroethylene (MW-114 only), vinyl chloride (MW-114 only) and xylenes.

m  SVOCs: naphthalene and phenanthrene at M\W-115.
m  Metals: arsenic at MW-114.
m  PCBs: no samples were analyzed for PCBs.

m  PFAS: atotal of six PFAS compounds were detected in MW-114 and MW-115, however
none exceed the most restrictive criteria.

Planned Assessment:

Provided the nature of the AOC (land disturbance), planned assessment is focused on
determining the extent of material contributing to groundwater impact, with the goal of designing
a potential source removal or ground coverage effort. Investigation includes the completion of six
test pits. The test pits will extend to the extent of the excavator, to at least 10 feet bgs, to
properly assess for buried material, which may include buried containers. Soil samples will be
collected from each sidewall (default at approximately 5 feet bgs) and the bottom of each test
pit, with sampling biased to the most contaminated interval, as appropriate.

Additional planned assessment includes installation of four monitoring wells. Specifically,
monitoring wells that are vertically screened to the base of the sand unit and in contact with the
underlying clay unit (at a depth of approximately 13 feet bgs, which indicates sand/sandy clay
extending to this depth with a clay interface encountered beneath at soil borings/monitoring
wells advanced in this area) will be installed in the northern, eastern, southern and western
margins/areas. If subsurface structures are identified, soil samples will be collected from a depth
immediately below the base of the structure, with samples biased toward any visual evidence of
contamination and/or PID readings present. Additionally, other soil depth intervals will be
collected following the rationale described above for a maximum of three per boring. Specifically
for this AOC, all of the soil depth intervals with detections and exceedances were collected at
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depth. The future land use of this space is expected to remain wooded and be used for green
space/walking trails, so surface depth intervals will be critical for risk-based evaluations of this
AOC Area.

Soil samples collected from each test pit and soil boring/monitoring well will be analyzed for the
SSCCL parameter list (Table 1 and Table 2), plus PCBs (since PCBs have been historically
detected in soil).

Groundwater samples will be collected via low-flow techniques from the newly installed
monitoring wells (as well as existing monitoring wells MW-114 and MW-115). Groundwater
samples will be submitted for the SSCCL parameter list (Table 1 and Table 2), plus PCBs (since
PCBs in groundwater has not been evaluated to date).

4.7 Site Wide Investigation

As stated in Section 4.0, the purpose of the Site Wide Investigation is to create a holistic, site-
wide approach to the investigation of the Site. Activities to be performed during the Site Wide
Investigation include 1) the vertical delineation of overburden to provide a better understanding of
the overall deep lithology (greater than the current maximum explored depth of 30 feet bgs); and
2) assess potential preferential pathways created by utility corridors and/or known underground
tunnels on the Site.

The Site Wide Investigation will run in tandem with the proposed assessment of the Southern
Area, as all known tunnels and the majority of the known utilities are located within the Southern
Area as well as the planned deep well. Locations of the proposed sampling Site Wide is shown
primarily on Figure 3.

Planned Assessment:

Vertical delineation of overburden -

Based on the data collected to date, there is reasonable knowledge of site-related COCs
present in the overburden, particularly at the water table interface. The scope of proposed RFI
work in various individual AOCs will supplement knowledge base regarding the presence of the
presumed continuous shallow clay surface across the Site and how that affects migration
potential in this water- bearing zone. Additional RFI work scopes will supplement knowledge of
the continuity of the presumed clay by tagging the sand/clay interface at a number of locations
within individual AOCs allowing horizontal delineation to be better assessed and understanding
more complete. However, without penetrating deeper through the shallow clay surface,
interpretation on vertical delineation of COCs below the clay cannot be determined.

One deep well (likely to be set at approximately 130-150 feet bgs) will be installed within the
Southern Area of the Site. Based upon Wellogic records obtained from EGLE’s online database,
a well installed by Consumers Energy approximately one mile northwest (upgradient) of the Site
indicated a water bearing zone within the shale present at approximately 130 feet bgs. The
purpose of the deep, water bearing well on-site will be to vertically profile the underlying lithologic
and hydrogeologic conditions beneath the Site.
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A deep, double-cased monitoring well will be installed for vertical delineation purposes targeting
the next water-bearing zone below the overburden. The proposed total depth of the well is
approximately 130 feet bgs, just above the interface of the gray clay and the black and gray
shale, as identified in the Consumers Energy well installed approximately one mile northwest of
the Site. A drill rig will be used to advance an outer casing to a depth of approximately 20-30 feet or
a proper depth to set the outer casing at least three feet into the underlying clay unit to isolate the upper
sand rich unit from the water bearing shale. The inner borehole will be drilled to a depth of 150 feet
bgs. Two-inch inner diameter Schedule 40 PVC surface casing will be installed and the annular
space will be sealed using a neat cement grout placed using a tremie pipe. The annular seal will
be allowed to cure overnight. The drilling method will be used to advance the borehole to the
target total depth.

A monitoring well will be constructed using Schedule 40 PVC threaded riser and 10 to 20 feet of
factory machine-slotted threaded, 2-inch diameter screen (0.010 slot size). Centralizers will be
installed on the riser at maximum intervals of 30 feet. A clean silica sand pack will be placed
opposite the screen and to a height of at least 5.0 feet above the top of the screen. Above the
screen, a 5.0 foot seal will be constructed with hydrated sodium bentonite. A locking, flush
mounted steel, traffic rated manway and cement apron will be installed. The monitoring well will
be developed approximately 24 hours after completion using a pump and surge method until
suspended solids are significantly reduced. All development water will be collected and
contained for proper disposal. All other associated procedures for well installation,
decontamination, and screening will follow Standard Operating Procedures as presented in
Section 6.0.

Underground Tunnels and Subsurface Utility Corridors -

Multiple utility corridors and historical underground pedestrian tunnels on-site connecting former
buildings will be investigated. The initial focus of the site wide assessment of these former and
current features is to identify and map their locations for delineation purposes. Secondarily, risks
associated with the presence of utility corridors (which are typically shallow, set at an average of
3- 5 feet bgs) can exacerbate impacts to soil, groundwater and/or soil gas through migration of
COCs along preferential pathways provided by the surrounding fill material of the utility line or
through residual void space of the crushed tunnels.

Although it has been demonstrated that overburden within the Site is typically sand, fill material
surrounding utility lines may present a preferential pathway concern. Therefore, the termination
of on-site utility corridors into off-site mains within both Pinecrest Drive and 8 Mile Road will be
evaluated within the right-of-way of each respective roadway and along the locations of the
tunnels and the paths of the underground utility corridors.

Historical underground pedestrian tunnels, will be evaluated during assessment of the Southern
Area. These tunnels were reported to have been crushed and compacted with fill during
demolition activities in 2012/2013. Specifically, during test pit evaluation and soil
boring/monitoring well boring advancement in the Southern Area, subsurface investigations will
extend at least to the terminus depth of approximately 10 feet bgs which is the approximate
depth of the tunnels.
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Migration of VOCs and/or SVOCs as well as mercury vapor (likely occurring from confirmed
presence of an unknown source of mercury onsite) in soil and groundwater has been identified
at the Site, particularly within the Southern Area. Trichloroethylene specifically has been
identified in soil gas samples collected within the eastern right-of-way of Pinecrest Drive, within
a residential area. As such, identification and delineation of the location of the tunnels and utility
corridors and the effect these may contribute to COCs within soil/groundwater/soil gas will also
be completed as part of the site-wide AOC as well as in individual AOCs. If potential evidence of
off-site migration issues are identified during this RFI, additional delineation measurements may
be needed to protect these sensitive offsite receptors.
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5.0 Project Management Plan

5.1 Technical Approach

As noted in Section 4.0, the Site has been divided into 20 areas of concern (AOC) contained
within five groupings called Margins and Areas (Figure 2) (Southern Area, Northern Margin,
Northwestern Margin, Northcentral Area, and Northeastern Area), based upon previously
identified SWMUSs, historical uses or specific subareas, geophysical anomalies, EMI survey data
and/or soil, groundwater and/or soil gas concentrations within those specific areas. The
technical RFI approach for each AOC has been described in Section 4.0. Details of how the RFI
will proceed, including standard operating procedures (SOPs) for undertaking field investigative
activities, are further discussed in Section 6.0 and are included as Appendix A.

5.2 Schedules

Schedules for each Area and Margin’s RFI are also included in Section 4.0. The projected
investigation timeline is shown in the below table. It should be noted the schedule may be
adjusted based on the findings of the investigation(s) and/or the identification of an additional
exposure risk to human health or the environment during the work. This includes the eastern
area vapor intrusion work currently underway. Depending on the results of the investigation,
implementation of interim remedial measures may be necessary.

Area/Margin AOC Proposed Start Date Proposed End
Date

Southern Area | 930709\ 30,40 2022 4Q 2023
10, 11, 12

Northwestern Margin | 02,16,17 2Q 2024 3Q 2025
01, 04, 05,

Northcentral Area 06, 13, 18 1Q 2026 3Q 2027

Northeastern Area 14, 19, 20 1Q 2028 3Q 2029

Northern Margin 15 1Q 2030 3Q 2031

Side Wide NA Completed durin'g Sputhern Area
Investigation

TRC will provide the Materials management Division (MMD) a minimum of two-weeks’ notice
prior to the implementation of any field work so that the MMD had adequate time to be onsite to
observe and/or collect split sample(s) (if desired).
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5.3 Personnel

Investigations performed by TRC, on behalf of Axle Holdings 1, LLC, will be conducted under
the direction of a TRC Program Director, Project Manager/Field Operations Manager, and a
Staff Geologist/Field Task Leader. Additional experienced and qualified field personnel will be
assigned to the project, as necessary. Contractor personnel will be determined at the time of
investigation scheduling for each specific AOC.

5.4 Health and Safety

TRC subscribes to Occupational Safety and Health Administration (OSHA) and United States
Environmental Protection Agency (USEPA) mandated health and safety standards. Because of
the wide range of potential exposures for our employees, TRC must make conservative
judgments as to potential health risks. The services outlined in this work plan will be performed
with Level D health and safety protection (coveralls, safety shoes, hard hats, and eye protection
only). If additional protection is required for TRC employees to perform this work plan, then
TRC will utilize the protection as needed. A site-specific health and safety plan has been
developed for this Site and has been included as Appendix B.
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6.0 Standard Operating Procedures

To ensure RFI goals are achieved, and decisions are technically sound, statistically valid and
properly documented, TRC will conduct the field investigative activities following standard
operating procedures (SOPs) as referenced and attached herein, during each investigation
phase. Details pertaining to specific depths, number and location of soil borings/monitoring
wells, test pits, as well as specific COCs for each AOC is outlined in Section 4.0.

SOPs pertaining to field activities for this RFI are presented in Appendix A. A summary of the
referenced SOPs include:

SOP # Title

01 Groundwater Sampling (Includes procedures for PFAS)

02 Soil Sampling (Includes procedures for PFAS)

03 Headspace Field Screening Procedure

04 Water Level and Product Measurements (Includes procedures for PFAS)
05 Soil Vapor Point Installation and Active Vapor Sampling

06 Equipment Decontamination (Includes procedures for PFAS)

07 Groundwater Monitoring Well Installation (Includes procedures for PFAS)
08 Well Development (Includes procedures for PFAS)

09 Test Pit Installation

10 Slug Test Procedures

Supplemental site-specific instructions and details for implementing select field activities
referenced in Section 4.0 are as summarized below. A summary of proposed sampling
numbers, proposed analyses associated with each AOC, and estimated numbers of QA/QC
samples with the investigative scope are presented in Table 1.

6.1 Test Pits

Test pit activities will be completed following instructions in SOPs No. 02, 03, 06 and 09 biased
towards GPR and EMI anomalies and historically identified reported waste locations. Based on
the age of any buried containers, if remnants of containers are encountered, the number,
description, location, and description of the encountered containers will be documented and the
remnants will be carefully recovered returning cuttings to the hole in the reverse order then
when excavated.

Under no circumstances will the containers be attempted to be moved or removed over concerns
for loss of former material contained. There is no way to predict the hazardous characteristics or
reactive possibilities of buried waste. If exposed containers with visible waste can be safely
sampled without disturbing the remnants, then samples will be collected. Analytical laboratory
analysis will include VOCs, SVOCs, PCBs and metals to properly characterize the contents as
Hazardous or Non- Hazardous materials. If solids are present within the containers, they will be
additionally extracted for toxicity characterization leaching procedure (TCLP) analysis of these
same parameters to determine their suitability for landfill disposal. A plan will be developed to
identify and characterize the visible material upon receipt of the analytical results for safely
removing the materials for proper disposal. Visible un-containerized materials discovered during
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test pit excavations will be targeted for biased sampling during test pit activities and RFI
characterization.

The following procedure will be followed for found closed containers:

m  For closed containers that appear in good condition, are not bulging or corroded, and can
be safely sampled, TRC will arrange for a qualified contractor to open and sample the
container contents. If the contents are suitable for nonhazardous disposal, the container
and the contents will be disposed with the investigation derived waste (IDW) discussed in
Section 8.6.

m  For closed containers that do not appear in good condition, or are bulging, corroded or
damaged, TRC will arrange for a qualified contractor to open and sample the container
contents. If the contents are suitable for nonhazardous disposal, the containers and the
contents will be disposed with the investigation derived waste (IDW) discussed in Section
8.6. Care will be taken to be sure no contents spill into uncontaminated areas during the
removal.

m If any contents are determined to be hazardous waste after sampling is completed, TRC
will arrange for the disposal of the waste by a qualified hazardous waste contractor.

= Any found containers will not be stored and handled at the Site after removal. Direct
disposal upon removal will be facilitated by TRC. If containers cannot be directly disposed
of in a reasonable timeframe due to subcontractor scheduling, they will remain in place in
the excavated area (which will remain open and safely barricaded) until they can be directly
disposed of.

6.2 Records will be kept on the number of containers removed and disposed of
and their contents. Soil Boring/Monitoring Well Installation

Soil samples will be collected from soil borings and well borings specific to each AOC, as
detailed in Section 4.0 following general instructions and guidance presented in SOPs No. 02,
03, 06, 07 and 08.

The monitoring wells will be installed to allow for the collection of groundwater samples and will
be screened at depths specific to each AOC, as further discussed in Section 4.0. Some wells
may be nested to specifically target the bottom of the overburden at the clay interface to evaluate
COCs that tend to sink and accumulate on a semi-confining layer. These wells will be installed
to be screened with the bottom of the screened interval at the top of the clay layer interface to
facilitate the accumulation of any dense non aqueous phase liquids (DNAPL) that may sink and
accumulate at depth.

6.3 Groundwater Sampling

TRC will conduct low-flow groundwater sampling at installed monitoring wells depending on the
needs of the investigation following SOPs No. 01, 04 and 06. Groundwater samples will be
analyzed for the presence of select COCs, specific to each AOC, as detailed in Section 4.0.

6.4 Soil Vapor Sampling

Soil vapor samples will be collected in select AOCs as described in Section 4.0 following SOP
No. 05 for soil gas point installation and soil vapor point installation and sampling, respectively.
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Historical environmental samples have reported detections of VOCs in soil and groundwater
and preliminary soil vapor sampling, particularly in the southern and eastern areas of the Site.
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7.0 Data Collection Quality Assurance Project Plan

7.1  Data Quality

Data quality objectives (DQOs) are to obtain data that are sufficiently accurate and
representative of site media that reliable assessment of exposure pathways and risks may be
identified. Field data will be obtained in a consistent manner using standard protocols developed
by the USEPA, EGLE, ASTM, or other appropriate developer of scientific methods. Laboratory
data will be obtained in accordance with standard protocols similarly developed, targeting
analytical method detection limits less than the lowest applicable regulatory standards and
levels of toxicological risk to the extent possible and data that are reproducible and verifiable,
such as documented in EGLE’s March 2016 Application of Target Detection Limits and
Designated Analytical Methods. Where analytical results cannot be determined to the target
levels, such as because of analytical interference, documentation of data limitations and effect on
assessment conclusions will be evaluated. Data accuracy, reproducibility, and absence of
cross-contamination will be evaluated using field and laboratory quality assurance and quality
control (QA/QC) measures including the use of sample blanks, replicates, and comparative
standards.

7.2 Analysis and Testing

Field screening for total VOCs will be performed following SOP No. 03. Laboratory analysis will
be performed in accordance with EGLE’s March 2016 Application of Target Detection Limits and
Designated Analytical Methods, where applicable. Analytical methods will follow RCRA Test
Methods for Evaluating Solid Waste SW-846. The COC list for the various methods for VOCs
(8260B), alcohols (8015B), SVOCs (8270C), metals (6020/7470), PCBs (8082), PFAS (8327),
and dioxins and furans (8290A) along with their associated reporting limits (RLs) and method
detection limits (MDLs) are presented in Table 2. As additionally shown in Table 2, tetraethyl
lead and hexavalent chromium will individually be analyzed by SW-846 Methods (8270D
Organo Lead by GC/MS) and (7196A), respectively, when applicable. The VOC 1,4-dioxane will
be separately analyzed using 8270C with Selective lon Monitoring to be able to have RLs low
enough to screen against criteria for undiluted water samples.

Vapor samples will be analyzed for the site-specific target list VOCs by Method TO-15.

If new site-specific COCs are identified as part of the TIC analysis as part of the VOC or SVOC
GC/MS analyses or if analytical reporting limits are not achievable by their identified analytical
method, alternate analytical methods will be selected in cooperation with the analyzing
laboratory and documented as an addendum to this RFI.

MMD review and approval is required to utilize alternate analytical methods as
described in this Section.

7.3  Quality Assurance/Quality Control

QA/QC samples of all media will be collected as measures of the precision, accuracy, and
representativeness of the DQOs for this project. Trip blanks will be collected as needed with
each sample event to ensure no cross contamination. Trip blanks are prepared by the
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laboratory and accompany empty sample containers and any coolers containing water samples
for VOC analyses.

If reusable sampling equipment is utilized rather than single-use disposable or if the sampling
media comes into contact with any decontaminated field equipment, an equipment field blank
will be collected by running deionized water over the equipment once cleaned. Field blanks, if
needed, will be analyzed at a frequency one per 20 samples per equipment type cleaned.

Field duplicate (or split samples for soil vapor) samples will be collected every ten samples per
media. The estimated number of QA/QC samples to be collected per AOC Area are presented
in Table 1.

Sample containers are pre-preserved by the analytical laboratory, when necessary. Soil VOC
samples will be collected using methanol preservation, as recommended by EGLE.

Laboratory reagent blanks (method blanks) will be prepared and analyzed at the appropriate
frequency; surrogate, lab control sample, and matrix spiked recoveries will be performed by the
laboratory at appropriate frequencies and specifications stipulated by the associated SW-846
analytical methods, as identified by EGLE’s March 2016 Application of Target Detection Limits
and Designated Analytical Methods.

Reagents, preservation chemicals, and analytical standards will be prepared freshly, as
appropriate, by the analyzing laboratory. Reagent transfer will employ clean transfer devices
such as sanitizer pipets sealed in plastic following decontamination.

7.4 Project Documentation

Data will be fully documented at the time of collection, using prepared forms, including those for
field observations, water level logs, sampling logs for water, soil and soil vapor, boring and well
logs and instrument calibration and use logs. All field and analytical forms will be scanned to a
project server and evaluated by the Project Manager daily to determine if modifications or
additional sampling is required. Ongoing data tabulation, including comparison to applicable risk
standards, and graphical representation will be used to assist with data evaluation. Examples of
the field forms that may be used are included in select SOPs and in Appendix C.

Soil sample locations will be flagged and those locations will be obtained using a GPS unit and
well top of casing and ground surface coordinates and elevations will be obtained by a certified
land-surveyor using high resolution equipment. Geospatial coordinates for the Site will be tied
into State Plane Coordinates by establishing on-site benchmarks and working from that
demarcation.

Investigative reports will be prepared and confirmed by the Project Manager, reviewed by the
Program Manager, undergo in-house technical and administrative review, client review,
stepwise revisions, and submittal for regulatory review and approval.
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7.5 Organization Performing Field or Laboratory Operations

Field data will be recorded on standard forms and scanned to electronic databases immediately
upon return from the field. Laboratory oversight will be provided by the Project Manager.

Laboratory analyses primarily will be performed by either Test America/Eurofins or Merit
Laboratories. Both analytical laboratories are in good standing and hold relevant NELAP
certifications plus Michigan Drinking Water certifications, although that does not necessarily
apply in this case.

7.6 Performance Evaluation

The Project Manager will be responsible for verifying that field crews and other individuals and
contractors conduct their work in accordance with prescribed SOPs and document all data
necessary to verify sampling and analysis methods are followed to generate a robust and
complete data set of reliable, precise, and accurate data.

7.7  Field Activities

All field equipment and instrumentation will be calibrated and used in accordance with
manufacturer’s recommendations and applicable regulatory guidelines. Standard and blank
samples will be used, as appropriate, to verify the validity of data collected, and the efficacy of
decontamination procedures employed.

When evaluating areas previously identified as contaminated, investigations will be performed
from areas anticipated to be least contaminated to those expected to be more contaminated.
Decontamination protocols will be implemented between each location following the SOP No.
06 (Appendix A).

Field records will be thoroughly documented on prepared forms and in field logbooks using
permanent pen or marker, scanned onto the TRC server, and evaluated for inconsistencies or
indications of possible error. All entries will be legible, with dates and people present annotated,
and corrections made with a single line through, initialed and dated by the corrector.

7.8 Laboratory Activities

Laboratory sample handling, analysis, and QA/QC evaluation will be performed in accordance
with the Laboratory Quality Assurance Manual prepared for each of the laboratory facilities.

Analytical data will be evaluated by the laboratory prior to reporting relative to holding times,
preservation methods and proper temperature and/or pH, laboratory blanks, surrogate
recoveries, laboratory control sample recoveries, matrix spike recoveries, duplicate analyses,
and method detection limit reporting. Data relative to periodic QA sample analyses,
performance evaluation testing, and calibration time relative to analytical determinations also will
be provided and evaluated by the laboratory.

Internal laboratory QA evaluations will be documented in each laboratory data report. The
outcome is typically provided in the case narrative so the data user can understand any
complications in sample handling or analyses, determine the effect on data quality, and
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make an independent determination of the data’s utility. Independent data validation outside
the laboratory is discussed below.
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8.0 Field Operations / Data Management And Reporting

Field operations subject to QA/QC oversight by the Project Manager include all field activities —
subsurface drilling and soil classification, sampling of each media, geophysical investigations for
subsurface structures and features, physiochemical monitoring with various field meters, data
logging, and field crew and contractor performance and decontamination. Field logistics will
conform to TRC SOPs and EGLE guidelines, as appropriate, as discussed in Section 6.0.

8.1 Sample Management

Samples will be collected directly into laboratory-prepared containers suitable for the media,
preserved consistent with analytical guidelines, and maintained in an appropriate container (such
as an iced cooler) for transport at a temperature consistent with preservation guidelines.
Samples will be labeled with unique numbers keyed to location, media, and depth; with date and
time of collection; preservation; and intended analyses. Samples will be delivered under
completed chain-of-custody form to the analyzing laboratory within appropriate holding times for
analysis.

Samples will be identified using a standardized sample naming nomenclature for all RFI samples
for ease of sorting as described below. To facilitate quick identification as RFI samples, soil
borings will begin sequentially counting using the naming structure (or similar) AOC-13-22-SB-01
using the AOC in the soil boring name, followed by the year and soil boring identification. The
soil depth intervals will be in feet to feet format. For example, a surface sample from soil boring
AOC-13-22-SB-01 would be identified as AOC-13-22-SB-01 (0-0.5’).

Similarly, newly installed monitoring wells will start sequentially counting using the naming
nomenclature (or similar) AOC-13-22-MW-01, etc., with the AOC location, and year the well was
installed to differentiate between multiple investigation events. Any nested well installations
may be designated with an S for shallow and a D deep, or the depth of the well screen.
Groundwater samples from monitoring wells will be named the same as the well identification
(ID) with a differentiator between samples from the same well as the date sampled. TRC may
evaluate renaming the existing wells if appropriate using a similar naming convention.

Soil gas sample vapor points will be similarly labeled like monitoring wells to permit multiple
samples to be collected from the same point in the form VP-22-01, VP-22-02, etc. Multiple
samples from the same vapor point location will be differentiated based on the date sampled.

8.2 Field Measurements

Field measurements using geophysical and survey equipment will be performed in accordance
with manufacturers’ guidelines. Principal field measurements will include total VOC screening
using a properly calibrated PID and physiochemical measurements using a multi-parameter
meter during low-stress groundwater sampling.

8.3 Data Reduction and Validation

Soil and groundwater concentrations will be compared to applicable residential and non-
residential September 28, 2012 Environmental Remediation Part 201 Criteria of the Natural
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Resources and Environmental Protection Act (NREPA) (Michigan Part 201 Criteria). All soil data
will be determined in parts per billion by dry weight and groundwater data will be determined in
parts per billion by volume, except for PFAS analysis results which are reported in units of parts
per trillion by volume and dioxin/furan analysis results which are reported in units of parts per
quadrillion. Soil vapor data will be reported in units of parts per billion by volume and converted
to micrograms per cubic meter. Concentrations will be verified for precision by evaluation of field
duplicate samples collected and analyzed every tenth sample by media.

Qualifications of the data based on laboratory and field QA/QC results associated with the
sample analyses and interpretations of usability of the data quality will be incorporated into the
data summaries. Limitations of potential utility based on the data validation findings and
resulting data qualifications will be examined prior to their use in any risk assessment or
remedial design.

8.4 Reporting

Progress reports will be prepared upon the completion of each investigative phase. An RFI
Report will be prepared upon completion of each AOC Area investigation phase and the
cumulative RFI Report will serve as the basis for preparing the Corrective Measures Study,
evaluating remedial alternatives. Each additional RFI phase will be used to build expectation,
clarifications and modifications, as applicable or appropriate, for subsequent phases.

Progress reports will include a narrative summary of the results, conclusions and recommended
next steps. The reports shall include data summary tables, figures, lab reports, data quality
assurance/quality control, field notes and any applicable manifests. Tables included shall be all
encompassing and shall include historical results as well as current results for each area.

8.5 Records Management

Field records and boring logs will be maintained on standard forms, scanned secured server
locations, and maintained in notebooks. Laboratory analytical reports will be electronically
maintained in a similar fashion. Electronic databases will be manipulated to evaluate
concentrations of individual contaminants spatially and temporally. Spatial evaluations will be
performed by overlying contaminant concentrations on a surveyed base map in AutoCAD, with
surveyed locations of sampling points, potential contaminant source structures, and potential
conduits for contaminant migration. Spatial evaluations also will be performed using cross-
sections to visualize migration pathways, stratigraphic controls, and vertical contaminant spread
by media. Figures presenting contaminant distributions focusing on risk-based exceedances in
on-site media will be incorporated in the RFI Reports.

8.6 Waste Disposal

IDW generated by field sampling, including used PPE, soil cuttings, well development and purge
water, will be drummed for appropriate off-site disposal. IDW will be labeled as “Hazardous
Waste Pending Analysis” and stored in a secured singular onsite location where it will not be
disturbed and will not interfere with investigations or other onsite operations. IDW
characterization samples will be collected and analyzed to guide disposal protocols. Waste
manifests will be maintained in project records and included for documentation proof in the RFI
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Reports.

Investigation derived waste will be characterized and stored at the Site per regulatory
standards, and properly treated and/or disposed of within statutory timeframes. Reports of
proper disposal (text and manifests) will be included in reports.

Wastes generated by laboratory analytical procedures will be managed and disposed by the
contract laboratory including residual sample material following aliquots needed for analyses.
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9.0 Community Relations Plan

This Public Involvement Plan (PIP) was prepared in general accordance with RCRA Public
Involvement Manual (EPA/530-R-93-006, September 1993). TRC’s goal is to provide access to
neighbors and other interested and involved parties to review available existing site reports and
investigative plans and provide opportunity for questions and comments, as it pertains to COCs
at the Site including PFAS. Due to PFAS concentrations detected at the Site, the Site has been
considered a candidate for Michigan PFAS Action Response Team (MPART) Program.

TRC envisions that the implementation of the PIP includes public involvement consisting of the
following activities:

m  TRC will work with the City of Ferndale (City) to determine the best way to approach public
involvement.

m Ifin person meetings with the public to discuss the Site are necessary or desirable, TRC
will work with the City to arrange for and host such meetings.

m |f deemed desirable by the City, TRC will prepare a public facing website to house reports
and results for the Site to provide the public access to this information. The website will
also house a Public Fact Sheet to present a summary of the following: historical operations
at the Site and a generalized overview of proposed/ongoing activities being conducted at
the Site by TRC to mitigate the threat of any potential contamination migration to off-site
receptors.
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11.0 Signatures

| certify under penalty of law that this document and all attachments were prepared under my
direction or supervision according to a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate,
and complete. | am aware that there are significant penalties for submitting false information,
including the possibility of fine and imprisonment for knowing violations.

Q-CW 9/7/2022

Kelly Gratsenburg dJd Date
Project Manager

9/7/2022
Andrew Stuart Date
National Program Director
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TABLE 1
PROPOSED SAMPLE LOCATIONS AND PARAMETERS BY AREA OF CONCERN

GROUNDWATER

Southern / Site Wide

AOC 3 24 24 24 24 24 4 4 4 4 4
AOC7 4 4 4 4 4 4 4 4 4 4 4 4
AOC 8 4 4 4 4 4 6 6 6 6 6
AOC9 6 6 6 6 6 6 3 3 3 3 3 3
AOC 10 14 14 14 14 14 5 5 5 5 5
AOC 11 26 26 26 26 26 26 4 4 4 4 4 4
AOC 12 19 19 19 19 19 5 5 5 5
Northeastern

AOC 14 24 24 24 | 24 24 6 6 6 6
AOC 19 6 6 6 6 6 10 10 10 10
AOC 20 19 19 19 19 19 4 4 4 4
Northwestern

AOC2 24 24 24 | 24 24 24 6 6 6 6 6
AOC 16 4 4 4 4 4 2 2 2 2
AOC 17 14 14 14 14 14 5 5 5 5
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TABLE 1
PROPOSED SAMPLE LOCATIONS AND PARAMETERS BY AREA OF CONCERN

GROUNDWATER
)
& @
O N
& /8
&
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AN
Northern
AOC 15 38 38 38 38 38 6 6 6 6 4
North Central
AOC 1 9 9 9 9 9 9 7 7 7 7 7 7
AOC4 8 8 8 8 8 8 4 4 4 4 4 4
AOC 5 26 26 26 26 26 26 4 4 4 4 4 4
AOC 6 28 28 28 28 28 28 4 4 4 4 4 4
AOC 13 14 14 14 14 14 3 3 3 3 3
AOC 18 19 19 19 19 19 19 2 2 2 2 2 2

QA/QC Samples:

One duplicate sample collected every 10 samples, per media. One
field blank, trip blank (VOCs only groundwater) and equipment
blank per event, per media.

AOC 7 groundwater includes groundwater sample from planned
sitewide deep well.
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Table 2

Analytical Constituent of Concern and Associated Reporting and Method Detection Limits

Water (ug/L) Soil (ug/kg)
SW-846 RDL MDL RDL MDL
Compound Method ug/L ug/L ug/kg ug/kg
Volatiles 8260C _ _ _
Acetone 8260C 50 1.385 2500 276.7
Benzene 8260C 1 0.160 50 6.4
Bromochloromethane 8260C 1 0.381 50 12.2
Bromodichloromethane 8260C 1 0.313 50 8.0
Bromoform 8260C 1 0.292 50 12.9
Bromomethane 8260C 5 0.276 250 1.4
2-Butanone 8260C 25 3.972 1250 26.7
Carbon Disulfide 8260C 5 0.139 250 6.4
Carbon Tetrachloride 8260C 1 0.259 50 8.1
Chlorobenzene 8260C 1 0.229 50 1.7
Chloroethane 8260C 5 0.267 250 10.7
Chloroform 8260C 1 0.200 50 8.8
Chloromethane 8260C 5 0.165 250 6.4
Cyclohexane 8260C 1 0.152 50 12.4
Dibromochloromethane 8260C 5 0.127 250 8.0
1,2-Dibromo-3-chloropropane 8260C 5 0.262 250 43.9
1,2-Dibromoethane 8260C 1 0.187 50 9.5
Dichlordifluoromethane 8260C 5 0.333 250 10.6
1,2-Dichlorobenzene 8260C 1 0.137 50 10.9
1,3-Dichlorobenzene 8260C 1 0.209 50 9.9
1,4-Dichlorobenzene 8260C 1 0.165 50 9.3
1,1-Dichloroethane 8260C 1 0.225 50 4.9
1,2-Dichloroethane 8260C 1 0.262 50 8.5
1,1-Dichloroethene 8260C 1 0.242 50 7.1
cis-1,2-Dichloroethene 8260C 1 0.311 50 11.7
trans-1,2-Dichloroethene 8260C 1 0.221 50 7.7
1,2-Dichloropropane 8260C 1 0.261 50 10.9
cis-1,3-Dichloropropene 8260C 1 0.198 50 71
trans-1,3-Dichloropropene 8260C 1 0.166 50 8.4
1,4-Dioxane (SIMS) 8260C 0.003 0.0007 0.15 0.046
Ethylbenzene 8260C 1 0.224 50 7.9
2-Hexanone 8260C 50 0.377 2500 21.3
Isopropylbenzene 8260C 5 0.240 250 8.9
Methyl Acetate 8260C 10 0.328 500 21.9
Methyl Cyclohexane 8260C 1 0.237 50 7.6
4-Methyl-2-pentanone 8260C 50 0.343 2500 19.0
Methyl tert-butyl ether 8260C 5 0.185 250 7.9
Methylene Chloride 8260C 5 0.237 250 10.7
Styrene 8260C 1 0.194 50 6.1
1,1,2,2-Tetrachloroethane 8260C 1 0.468 50 14.5
Tetrachloroethene 8260C 1 0.213 50 8.2
Toluene 8260C 1 0.173 50 6.4
1,1,1-Trichloroethane 8260C 1 0.277 50 6.7
1,1,2-Trichloroethane 8260C 1 0.285 50 13.0
Trichloroethene 8260C 1 0.352 50 7.0
1,2,3-Trichlorobenzene 8260C 1 0.202 50 9.8
1,2,4-Trichlorobenzene 8260C 5 0.180 250 14.2
Trichlorofluoromethane 8260C 1 0.204 50 8.4
Trifluorotrichloroethane 8260C 1 0.283 50 12.5
Vinyl Chloride 8260C 1 0.332 50 8.3
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Table 2

Analytical Constituent of Concern and Associated Reporting and Method Detection Limits

Water (ug/L) Soil (ug/kg)
SW-846 RDL MDL RDL MDL
Compound Method ug/L ug/L ug/kg ug/kg
m&p-Xylene 8260C 2 0.395 100 14.7
o-Xylene 8260C 1 0.196 50 8.5
1,4 Dioxane SIMS 8260C 1 0.240 50 4.4
Tetrahydrofuran 8260C 90 1.300 1000 165.0
Semivolatiles 8270D
Acenaphthene 8270D 5 0.238 330 7.7
Acenaphthylene 8270D 5 0.237 330 7.6
Acetophenone 8270D 5 0.240 330 6.7
Anthracene 8270D 5 0.232 330 6.8
Atrazine 8270D 5 0.267 330 7.3
1,1-Biphenyl 8270D 5 0.215 330 54
Benzaldehyde 8270D 5 0.243 330 7.8
Benzo(a)anthracene 8270D 1 0.235 330 6.2
Benzo(a)pyrene 8270D 1 0.216 330 59
Benzo(b)fluoranthene 8270D 1 0.196 330 6.2
Benzo(g,h,i)perylene 8270D 1 0.232 330 6.5
Benzo(k)fluoranthene 8270D 1 0.212 330 5.7
bis(2-Chloroethoxy)methane 8270D 5 0.207 330 6.1
bis(2-Chloroethyl)ether 8270D 5 0.214 330 6.3
bis(2-Chloroisopropyl)ether 8270D 5 0.510 330 5.2
bis(2-Ethylhexyl)phthalate 8270D 5 0.412 330 33.2
4-Bromophenyl-phenylether 8270D 5 0.220 330 6.5
Butylbenzylphthalate 8270D 5 0.234 330 8.2
Caprolactam 8270D 10 0.206 330 7.1
Carbazole 8270D 10 0.211 330 6.6
4-Chloro-3-Methylphenol 8270D 5 0.193 280 5.9
4-Chloroaniline 8270D 10 0.981 330 8.5
2-Chloronaphthalene 8270D 5 0.244 330 6.0
2-Chlorophenol 8270D 10 0.220 330 6.6
4-Chlorophenyl-phenylether 8270D 5 0.236 330 7.3
Chrysene 8270D 1 0.242 330 6.7
2-Methylphenol 8270D 10 0.199 330 7.0
3-, 4-Methylphenol 8270D 20 0.404 330 12.0
Di-n-Butylphthalate 8270D 5 0.349 330 18.0
Di-n-Octylphthalate 8270D 5 0.299 330 1.4
Dibenzo(a,h)anthracene 8270D 2 0.231 330 6.4
Dibenzofuran 8270D 5 0.216 330 6.1
3,3'-Dichlorobenzidine 8270D 5 0.190 2000 9.2
2,4-Dichlorophenol 8270D 10 0.218 330 55
Diethylphthalate 8270D 5 0.678 330 8.0
Dimethylphthalate 8270D 5 0.201 330 6.0
2,4-Dimethylphenol 8270D 5 0.224 330 5.9
4,6-Dinitro-2-methylphenol 8270D 20 0.150 830 5.6
2,4-Dinitrophenol 8270D 25 0.181 830 2.2
2.,4-Dinitrotoluene 8270D 5 0.183 330 15.1
2,6-Dinitrotoluene 8270D 5 0.228 330 20.2
Fluoranthene 8270D 1 0.247 330 6.6
Fluorene 8270D 5 0.198 330 5.3
Hexachlorobenzene 8270D 5 0.204 330 5.0
Hexachlorobutadiene 8270D 10 0.200 330 5.1
Hexachlorocyclopentadiene 8270D 5 0.156 330 5.5
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Table 2

Analytical Constituent of Concern and Associated Reporting and Method Detection Limits

Water (ug/L) Soil (ug/kg)
SW-846 RDL MDL RDL MDL
Compound Method ug/L ug/L ug/kg ug/kg
Hexachloroethane 8270D 5 0.245 330 6.4
Indeno(1,2,3-cd)pyrene 8270D 2 0.211 330 6.2
Isophorone 8270D 5 0.240 330 7.1
2-Methylnaphthalene 8270D 5 0.255 330 6.7
Naphthalene 8270D 5 0.247 330 59
2-Nitroaniline 8270D 25 0.180 830 16.9
3-Nitroaniline 8270D 25 0.235 830 15.2
4-Nitroaniline 8270D 25 0.204 830 13.6
Nitrobenzene 8270D 5 0.219 330 20.0
2-Nitrophenol 8270D 5 0.200 330 13.3
4-Nitrophenol 8270D 25 0.183 830 11.0
N-Nitroso-di-n-propylamine 8270D 5 0.234 330 7.6
N-Nitrosodiphenylamine 8270D 5 0.244 330 7.2
Pentachlorophenol 8270D 5 0.208 330 7.4
Phenanthrene 8270D 2 0.263 330 6.3
Phenol 8270D 5 0.213 330 6.8
Pyrene 8270D 5 0.235 330 6.9
2,4,5-Trichlorophenol 8270D 5 0.224 330 6.1
2,4,6-Trichlorophenol 8270D 5 0.188 330 6.2
1,2,4,5-Tetrachlorobenzene 8270D 5 0.310 330 4.4
2,3,4,6-Tetrachlorophenol 8270D 5 0.260 330 45
Tetraethyl lead 8270D 10 2.00 1000 162
PCBs (Aroclor-Specific) 8082A _
Aroclor-1016 8082A 0.10 0.013 330 0.7
Aroclor-1221 8082A 0.10 0.015 330 0.5
Aroclor-1232 8082A 0.10 0.014 330 0.7
Aroclor-1242 8082A 0.10 0.019 330 1.3
Aroclor-1248 8082A 0.10 0.012 330 14
Aroclor-1254 8082A 0.10 0.041 330 0.6
Aroclor-1260 8082A 0.10 0.012 330 0.5
Total PCBs 8082A NA NA NA NA
Metals 6020A
Aluminum 6020A 5.0 0.368 100 101.4
Antimony 6020A 2.0 0.017 300 1.8
Arsenic 6020A 1.0 0.085 100 14.0
Barium 6020A 5.0 0.156 1000 9.6
Beryllium 6020A 1.0 0.054 500 54
Boron 6020A 50.0 0.351 2000 0.900
Cadmium 6020A 0.5 0.030 200 5.0
Calcium 6020A 1000 4.000 1000 720.0
Chromium 6020A 5.0 0.041 2000 3.6
Cobalt 6020A 5.0 0.014 500 2.6
Copper 6020A 1.0 0.038 1000 2.8
Iron 6020A 20 2.043 1000 48.6
Lead-Total 6020A 3.0 0.019 1000 3.8
Coarse 6020A NA NA 1000 3.8
Fine 6020A NA NA 1000 3.8
Magnesium 6020A 1000 2.000 5000 424
Manganese 6020A 5.0 0.052 1000 2.0
Molybdenium 6020A 5.0 0.0434 500 0.0483
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Table 2

Analytical Constituent of Concern and Associated Reporting and Method Detection Limits

Water (ug/L) Soil (ug/kg)
SW-846 RDL MDL RDL MDL
Compound Method ug/L ug/L ug/kg ug/kg
Mercury 7471B 0.2 0.009 50 0.7
Nickel 6020A 5.0 0.044 1000 5.2
Potassium 6020A 1000 8.9 1000 480.0
Strontium 6020A 5 0.0148 1000 0.030
Selenium 6020A 5.0 0.480 200 49.0
Silver 6020A 0.2 0.014 100 9.8
Sodium 6020A 1000 8.2 5000 218.0
Tin 6020A 20 0.460 1000 0.164
Titanium 6020A 5 0.220 500 0.238
Thallium 6020A 1.0 0.019 5.0 8.8
Thorium 6020B 2.0 0.570 0.2 0.0320
Vanadium 6020A 2.0 0.015 1000 14
Zinc 6020A 5.0 0.128 1000 27.6
Alcohols
Ethanol 8015C DAI 5 0.52 5 0.50
Methanol 8015C DAI 5 2.00 5 2.00
n-Butanol 8015C DAl 5 0.25 5 0.760
Inorganics
Hexavalent Chromium 7196A 20 6 1000 [ 60
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Table 2
Analytical Constituent of Concern and Associated Reporting and Method Detection Limits

Volatiles Analysis in Air (TO-15) by Merit

Analyte MDL RL MDL RL
(ppbv) | (ppbv) | (ug/m3) (ug/m3)
1,1,1-Trichloroethane 0.016 0.20 0.085 1.10
1,1,2,2-Tetrachloroethane 0.011 0.20 0.073 1.40
1,1,2-Trichloroethane 0.011 0.20 0.058 1.10
1,1,2-Trichloro-1,2,2-trifluoroethane (Freon 113) 0.016 0.20 0.119 1.50
1,1-Dichloroethane 0.016 0.20 0.065 0.81
1,1-Dichloroethene 0.016 0.20 0.064 0.79
1,2,4-Trichlorobenzene 0.024 0.50 0.168 3.70
1,2,4-Trimethylbenzene 0.011 0.20 0.064 0.98
1,2-Dichlorobenzene 0.011 0.20 0.064 1.20
1,2-Dichloroethane 0.011 0.20 0.044 0.81
1,2-Dichloropropane 0.011 0.20 0.051 0.92
1,3,5-Trimethylbenzene 0.016 0.20 0.076 0.98
1,3-Butadiene 0.019 0.20 0.042 0.44
1,3-Dichlorobenzene 0.011 0.20 0.064 1.20
1,4-Dichlorobenzene 0.014 0.20 0.083 1.20
1,4-Dioxane 0.023 2.50 0.082 9.00
2-Butanone 0.016 2.00 0.047 5.90
2-Chloro-1,3-butadiene 0.016 0.20 0.058 0.72
2-Hexanone 0.011 0.50 0.043 2.00
4-Methyl-2-pentanone 0.016 0.50 0.064 2.00
4-Ethyltoluene 0.014 0.20 0.068 0.98
Acetone 0.019 2.00 0.046 4.80
Benzene 0.016 0.20 0.051 0.64
Benzyl Chloride 0.016 0.20 0.083 1.00
Bromodichloromethane 0.011 0.20 0.071 1.30
Bromoform 0.014 0.20 0.143 2.10
Bromomethane 0.016 0.20 0.060 0.78
Carbon Disulfide 0.022 0.50 0.069 1.60
Carbon Tetrachloride 0.011 0.20 0.067 1.30
Chlorobenzene 0.014 0.20 0.064 0.92
Chloroethane 0.019 2.00 0.051 5.30
Chloroform 0.011 0.20 0.054 0.98
Chloromethane 0.016 2.00 0.033 4.10
cis-1,2-Dichloroethene 0.011 0.20 0.043 0.79
cis-1,3-Dichloropropene 0.016 0.20 0.073 0.91
Cyclohexane 0.016 0.20 0.053 0.69
Dibromochloromethane 0.011 0.20 0.090 1.70
Dichlorodifluoromethane 0.011 0.20 0.052 0.99
Dichlorotetrafluoroethane (Freon 114) 0.019 0.20 0.042 1.40
Ethanol 0.038 2.50 0.070 4.70
Ethyl acetate 0.028 2.00 0.100 7.20
Ethylbenzene 0.011 0.20 0.046 0.87
Ethylene dibromide 0.011 0.20 0.082 1.50
Hexachlorobutadiene 0.014 0.20 0.148 2.10
Isopropylbenzene 0.011 0.20 0.054 0.98
Isopropyl Alcohol 0.011 2.00 0.054 4.90
m&p-Xylene 0.022 0.40 0.092 1.70
Methylene Chloride 0.014 0.50 0.048 1.70
MTBE 0.016 0.20 0.056 0.72
n-Heptane 0.011 0.20 0.043 0.82
n-Hexane 0.011 0.20 0.037 0.70
o-Xylene 0.011 0.20 0.046 0.87
Propylene 0.019 10.00 0.033 17.00
Styrene 0.014 0.20 0.059 0.85
Tetrachloroethene 0.011 0.20 0.072 1.40
Tetrahydrofuran 0.035 0.20 0.103 0.59
Toluene 0.016 0.20 0.058 0.75
trans-1,2-Dichloroethene 0.014 0.20 0.055 0.79
trans-1,3-Dichloropropene 0.014 0.20 0.063 0.91
Trichloroethene 0.016 0.20 0.086 1.10
Trichlorofluoromethane 0.016 0.20 0.087 1.10
Vinyl Acetate 0.019 0.20 0.068 0.70
Vinyl Chloride 0.021 0.20 0.054 0.51
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1.0

1.1

1.2

1.3

INTRODUCTION
Scope & Applicability

This Standard Operating Procedure (SOP) was prepared to provide TRC personnel with general
guidance in performing groundwater sampling activities. This SOP details equipment and
sampling procedures for low-flow sampling, multi-volume purge sampling and passive diffusion
bag sampling from monitoring wells. Various regulatory agencies and project-specific work
plans may have specific requirements (e.g., equipment/instrument, flow rate, etc.) that may be
applicable and take precedence, depending on the program.

The objective of groundwater sampling is to obtain a representative sample of water from a
saturated zone or groundwater-bearing unit (i.e., aquifer) with minimal disturbance of
groundwater chemistry. This requires that the sample being collected is representative of
groundwater within the formation surrounding the well bore as opposed to stagnant water within
the well casing or within the filter pack immediately surrounding the well casing.

Summary of Method

There are three general approaches to groundwater purging/sampling that can be used to obtain a
representative groundwater sample for analysis: 1) the low-flow or micropurge method where the
mixing of the stagnant water is minimized using low-flow pumping rates during the collection of
the groundwater sample; 2) the multiple well volume removal approach in which the stagnant
water is removed from the well and the filter pack prior to sample collection; and 3) the passive
sampler procedure where water quality equilibration with the surroundings is achieved through
deployment of the passive sampler for a sufficient amount of time prior to sampling.

For low-flow and multiple well volume removal, there are various types of equipment available
to perform groundwater sampling. The most common of these are the submersible pump,
peristaltic pump, and bailer. However, the equipment selected and the purge method used, if any,
will depend on project goals, data quality objectives (DQOs), hydrogeologic conditions, and
regulatory requirements. Care should be taken when choosing the sampling procedures and
device(s), as some procedures have the potential to affect the representativeness of the sample
more than others. For repeated monitoring events, the sampling methodology and operating
equipment employed should be consistent to minimize potential variability due to sampling
procedures. The type of sampling method utilized is dependent upon site-specific conditions and
it is not within the scope of this document to recommend a specific methodology. For specialized
sampling programs involving per- and polyfluorinated alkyl substances (PFAS), refer to
Attachment D for further details. Information on applicability of sampling methods can be found
on Interstate Technology & Regulatory Council (ITRC) and United States Environmental
Protection Agency (EPA) websites.

Equipment
The following equipment is commonly used to collect groundwater samples from a monitoring

well. Site-specific conditions may warrant the use of additional equipment or deletion of items
from this list.
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. Appropriate level of personal protective equipment (PPE) as specified in the site-specific
Health and Safety Plan (HASP)

. Electronic water level indicator capable of measuring to 0.01 foot accuracy

. Oil/water interface probe

. Extra batteries for water level/interface probe

° Submersible pump with low-flow capabilities (less than 1 liter/min) constructed of inert

materials (e.g., stainless steel and Teflon®), such as a bladder pump (with sufficient
quantity of bladders, o-rings, grab plates, etc.)

) Peristaltic pump

) Source of power for use with submersible or peristaltic pump (e.g., 12-volt battery,
compressor, generator, compressed gas tanks, etc.)

. Flow controller for use with submersible pump (varies depending on type of pump used)

. Bottom-filling bailer constructed of inert materials (i.e., polyethylene, polyvinyl chloride
[PVC], stainless steel or Teflon®)

o Bailer cord or wire (recommended Teflon®-coated, stainless steel cable; bailer wire; or
contaminant-free rope with a Teflon®-coated stainless steel leader to connect bailer and
rope)

. Tubing (Teflon®, Teflon®-lined polyethylene, or high density polyethylene [HDPE],
type dependent upon project objectives)

) Silicone tubing (only used for peristaltic pump head and/or flow-through cell
connections)

o Water quality meter(s) capable of measuring parameters, such as pH, temperature,
specific conductivity, oxidation-reduction potential (ORP), and dissolved oxygen (DO)

. Flow-through cell

. T-connector

. Turbidity meter

o Passive sampling device (and any device-specific accessories)

- Passive diffusion bags (PDBSs)

- Tether (stainless steel cable or marine-grade polyethylene rope), well cap, and weights,
unless already installed

- Funnel (Fill kit)

- PVC cable ties

- Tool to cut cable ties

- PVC discharge tubes

- Tether reel
. Well lock keys
° Bolt cutters
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. Appropriate tools for equipment and to open well box (e.g., socket wrench, pry bar, etc.)

. Containers with lids for purge water (i.e., 5-gallon buckets, drums, etc.)

. Stopwatch or timer

. Graduated measuring container appropriately sized to measure flow rate

o Sample bottle labels

. Laboratory-grade water (can request from lab — for equipment blanks)

. Chain-of-custody (COC) forms

. Sample cooler(s)

. Photoionization detector (PID) or flame ionization detector (FID) for well head
monitoring

o Sample containers (may be supplied by the laboratory depending upon the regulatory

program): The proper containers should be determined in conjunction with the analytical
laboratory in the planning stages of the project. If not included in sample containers
provided by laboratory, sample preservatives will need to be kept with sample containers,
and added to sample containers prior to sample collection.

. Field book and/or Groundwater Field Data Record (multiple copies)

° Filtration equipment

. In-line filter (0.45 micron [um]) or as otherwise required by the project-specific work

plan.

. Bubble wrap/Bubble wrap bags

° Lint-free, non-abrasive, disposable towels (e.g., Kimwipes®)

° Indelible marking pens

. Plastic bags (e.g., Ziploc®)

. Ice

. Teflon® tape

. Plastic sheeting or large trash bags which can be cut open

. Umbrella, tent, or equivalent for shading equipment (particularly the flow-through cell)

from sunlight or blocking rain

. Equipment decontamination supplies

° Container for bailing water out of water-logged road boxes or well vaults

. Map of well locations and well construction data

. Copy of field notes from previous sampling event for reference

° Project-specific work plan
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1.4 Definitions

Bailer

Borehole

Dense Non-aqueous
Phase Liquid (DNAPL)
Depth To Water (DTW)
Drawdown

FID

Flow-Through Cell

Flush Mount

Light Non-aqueous
Phase Liquid (LNAPL)

A cylindrical device suspended from a rope or cable, which is used to
remove water, non-aqueous phase liquid (NAPL), sediment or other
materials from a well or open borehole. Usually equipped with some
type of check valve at the base to allow water, NAPL, and/or
sediment to enter the bailer and be retained as it is lifted to the
surface. A bailer may be made in varying diameters; however a
bailer that fits in a two-inch well is the most common. In some
instances a < 1-inch diameter bailer (a.k.a. pencil bailer) is used for
small diameter wells.

A hole drilled into the soil or bedrock using a drill rig or similar
equipment.

Separate-phase product that is denser than water and, therefore, sinks
to the bottom of the water column.

The distance to the groundwater surface from an established
measuring point.

The response to purging/pumping a well resulting in the lowering of
groundwater within the water column in the well or in a water-
bearing zone.

An instrument that uses a flame to break down volatile organic
compounds (VOCs) into ions that can be measured.

The container used to immerse the multi-parameter probes in well
purge water during pre-sampling well purging. The flow-through cell
is usually made of transparent acrylic and is connected to the end of
the discharge tubing creating an in-line, sealed container in which
purge water circulates around the measurement probes. The
discharge from the pump prior to the flow-through cell may be fitted
with a check valve or T-connector for collection of water for turbidity
measurement.

The type of well completion where the riser terminates at or below
grade. Flush-mounted wells are typically completed with a “curb
box” which is an “at-grade” enclosure designed to protect the well
riser.

Separate-phase product that is less dense than water and therefore
floats on the surface of the water.
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Monitoring Well

PID

Piezometer

Potentiometric Surface

Protective Casing

Recharge Rate

Separate-Phase Product

Static Water Level

Well Cover

Well Filter Pack

A well made from a PVC pipe, or other appropriate material, with
slotted screen installed across or within a saturated zone. A
monitoring well is typically constructed with a PVC or stainless steel
pipe in unconsolidated deposits and with steel casing in bedrock.

An instrument that uses an ultraviolet light source to break down
VOCs into ions that can be measured.

A well made from PVC or metal with a slotted screen installed across
or within a saturated zone. Piezometers are primarily installed to
monitor changes in the potentiometric surface elevation.

A surface representing the hydraulic head of groundwater.

The pipe installed around the well riser that sticks up from the ground
(above-grade completions) or is flush with the ground (at-grade
completions, e.g., curb box) in order to protect the well integrity.
Protective casings are typically constructed of steel or aluminum and
usually closeable with a locking cover/hasp to maintain well integrity
between sampling events.

The rate at which groundwater returns to the water column in the
well.

A liquid that does not easily dissolve in water. Separate-phase
product can be more dense (i.e., DNAPL) or less dense (i.e., LNAPL)
than water and, therefore, can be found at different depths in the
water column.

Level at which water resides in a well when the water level is at
equilibrium with atmospheric pressure.

The cap or lid constructed at the end of the protective casing (above-
grade completions) or flush-mounted curb box (ground surface
completions) to secure access to the well. Well covers for stick-up
wells are often equipped with a hasp to accommodate a padlock.
Well covers for flush-mounted road boxes or vaults are opened and
closed using a threaded bolt.

A material composed of clean silica sand or sand and gravel of
selected grain size and gradation that is placed in the annulus between
the screened interval and the borehole wall in a well for the purpose
of retaining and stabilizing the formation material.
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Well Plug/Expansion The plug fashioned into a cap placed into the top of the well riser

Plug (e.g., J-Plug). Well plugs are usually designed with an expandable
gasket that is activated by turning a locking wing nut or removable
key latch, closing a snap cap or engaging a magnetic clutch cap to
seal the well riser.

Well Riser Sections of blank (non-slotted) pipe that extend from the well screen
to or above the ground surface.

Well Screen Pipe (typically PVC or stainless steel) used to retain the formation or
filter pack materials outside of the well. The pipe has openings/slots
of a uniform width, orientation, and spacing. The openings/slots can
vary based on formation and filter pack material specifications.

1.5 Health & Safety Considerations

TRC personnel will be on site when implementing this SOP. Therefore, TRC personnel shall
follow the site-specific HASP. TRC personnel will use the appropriate level of PPE as defined in
the HASP.

The well head should be pre-screened using a PID/FID to avoid inhalation of contaminants
venting from the well. If monitoring results indicate sustained elevated concentrations of organic
contaminants, the level of PPE may need to be increased in accordance with the HASP or work
could be conducted upwind of the well.

When present, special care should be taken to avoid contact with LNAPL or DNAPL. The use of
an air monitoring program, as well as the proper PPE designated by the site-specific HASP, can
identify and/or mitigate potential health hazards.

Implementing this SOP may require the use of reagents and/or compressed gases for the
calibration and operation of field equipment. These substances may be hazardous and TRC
personnel must appropriately handle, store, and dispose of them at all times. Skin contact with
liquid from preserved sample bottles must be avoided as they may contain strong acids or bases.
When filling bottles pre-preserved with acid (e.g., hydrochloric acid, nitric acid, sulfuric acid),
vapors may be released and should not be inhaled. Do not allow bottles with acid to be exposed
to elevated atmospheric temperatures or sunlight as this will facilitate fumes from the acids.

1.6 Cautions and Potential Problems

The following sections highlight issues that may be encountered and should be discussed with the
Project Manager prior to mobilization into the field. Special care should be taken when sampling
for PFAS. Please refer to Attachment D for details.

1.6.1 Pre-Sampling Issues

() Selection of equipment for groundwater sampling should consider multiple factors, including:
DTW, well specifications (e.g., depth and length of well screen intervals), desired flow rate,
possible weather conditions, type and concentration of contaminant(s), and
remoteness/accessibility to the site. The benefits and limits of each type of groundwater
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sampling equipment should be fully reviewed during project planning or prior to mobilization
if the project-specific work plan does not identify the required equipment. For example,
peristaltic pumps are incapable of withdrawing water in wells in which the depth to water is
greater than approximately 20-25 feet below ground surface (bgs).

(b) If the screen or open borehole is greater than 10 feet in length, consult the project-specific
work plans for the target sampling interval. Generally, pumps are either placed in the middle
of the saturated zone if the water level is below the top of the screen or in the middle of the
screen interval if the water level is above the top of the screen.

(c) The need for redevelopment of the monitoring wells should be evaluated periodically in
accordance with the project-specific requirements. This is assessed by comparing the
measured total depth of the well with the constructed depth. If the measured depth is less
than the constructed depth, this may indicate siltation of the well and/or the presence of an
obstruction in the well. If it is determined that redevelopment is necessary, it should be
performed in accordance with ECR SOP 006, Well Development. The time necessary for a
well to restabilize after redevelopment will be determined on a project-specific basis and may
depend on regulatory requirements.

(d) During the total well depth measurement, there is the potential for sediment, if present at the
bottom of the well, to be disturbed, thereby increasing the turbidity of the groundwater.
Therefore, the total well depth measurement should be collected the day prior to collecting
groundwater samples, if possible.

(e) Use caution if using compressed gas cylinders (e.g., nitrogen, carbon dioxide) for
purging/sampling of groundwater. Check for leaks around regulator connections by spraying
soapy water on the connections. If a leak is discovered, the connection to the regulator
should be disassembled, wrapped with Teflon® tape, and reconnected to the cylinder. If the
leak continues, the regulator should be replaced. It should be noted that Department of
Transportation (DOT) regulations apply to the transportation and handling of compressed gas
cylinders (see 49 Code of Federal Regulations [CFR] 171). Never transport cylinders with
the regulator attached. Replace the cylinder valve cover on the compressed gas cylinder
before transport.

(f) All field personnel must be made aware of the water level measurement reference point being
used for each well at a site (i.e., must be clearly marked) in order to ensure collection of
comparable data between events.

(9) Bolt cutters may be necessary to remove rusted locks. Dipping rusted locks in a soapy
solution may help with opening difficult locks. Oils and other products containing VOCs
(e.g., WD-40) should not be used on locks as these compounds may cause contamination of
water samples collected at the well. Replace cut locks and note in the field book.

(h) Prior to accessing the well, physical conditions around the well head should be assessed for
situations that might result in cross-contamination or the introduction of foreign
material/debris into the well. For example, flush-mounted wells may have water or road
sand/salt/debris inside the curb box. Rodents and insects (e.g., bees, wasps) have been known
to construct nests within the protective casing of a well. If bees, wasps, or other insects are
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encountered, insecticides should be used with caution as the chemicals may cause
contamination of water samples collected at the well. If water or foreign material is
introduced into the well, the Project Manager should be immediately notified.

1.6.2 General Purging and Sampling Issues

() Prior to installation of a submersible pump into a well, ensure that the tubing is properly
sealed to the pump to avoid losing the pump down the well and to prevent escape of air or
water from the pump, which could result in poor pump performance and the aeration of the
well water. Do not do this by tugging on tubing. Never lower pumps into the well using only
tubing; instead a security line attached to the pump is required to prevent potentially losing
the pump down the well.

(b) A submersible pump should not be lowered to the bottom of the well to avoid stirring up any
sediment at the bottom of the well and prevent getting the pump stuck (fine sediment
accumulation in the bottom of the well can create a strong suction with a flat bottom pump
such as a bladder pump, which may require jetting to retrieve the pump).

(c) Start with the lowest pumping rate possible and increase until a sustainable rate is reached.
Avoid high pumping rates (> 1 liter/min), as this could lead to damage of the well filter pack,
if present. Where practical and/or possible, refer to previous sampling events to establish
consistent flow rates.

(d) Some regulatory agencies may have concern about the use of peristaltic pumps when
sampling for VOCs due to the potential for loss of VOCs during sampling and alteration of
other water quality parameters such as pH and alkalinity. Samplers should review the
requirements in the project-specific work plan and/or regulatory guidelines prior to
performing the work. Explicit approval to use a peristaltic pump for the collection of VOCs
may be required by the governing regulatory agency. An option may be to use the “soda
straw” method to collect the VOC sample which does not allow the water to go through the
pump head:

(1) After purging the well with the peristaltic pump, collect all fractions except VOCs
from the outlet side of the pump (i.e., VOCs will be collected last instead of first).

(2) Turn the pump off.

(3) Change into clean gloves.

(4) Disconnect the tubing coming out of the well from the inlet side of the pump and
immediately put a finger over the end of this tubing to prevent water from draining
out of the tubing.

(5) Retrieve tubing from the well, coiling it in one hand as it is being retrieved (maintain
finger over end of tubing).

(6) Open VOC vials. Briefly remove finger from end of tubing to allow water to flow
into vial. Replace finger on end of tubing to stop flow. Do this for remaining VOC
vials.

(e) In the event that a well cannot be purged and sampled with a pump, the alternative to
pumping may be the use of a bottom-filling bailer. The applicable regulatory agency
requirements and the Project Manager should be consulted if in doubt about the
appropriateness of using a bailer at a site or during a particular sampling event.
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(f) During purging and sampling, the tubing should remain filled with water to minimize
possible changes in water chemistry due to contact with the atmosphere. All flow-through
cells should be shaded from direct sunlight to minimize the potential for off-gassing and
temperature fluctuations.

(g) Ensure monitoring instruments (i.e., multi-parameter water quality instrument, turbidity
meter, water level measuring device) are maintained in good condition and properly
calibrated to ensure accurate readings. Be sure to have appropriate-sized extra batteries on
hand.

(h) Adverse weather conditions may present challenges that need to be dealt with on a case-by-
case basis. For example, air temperatures below 32°F may cause ice formation in the tubing,
flow-through cell, and on the sampling equipment, or heavy rain could cause standing water
issues with flush-mounted wells. Heavy rain can also impact electronic sampling equipment;
preventative measures should be taken to keep electronic equipment dry.

(i) Observe and avoid any uncontrolled ambient/surrounding air conditions that could affect
analytical results (e.g., truck/vehicle exhaust nearby, industrial building vents). Always
ensure that vehicles are turned off during sampling to avoid introducing vehicle exhaust into
the sample. If uncontrolled ambient/surrounding air conditions cannot be avoided, contact
the Project Manager for further instruction; collection of a field blank sample may be
warranted in this situation.

(i) Procedures should be established to minimize potential cross-contamination. For example:

- Wrap monitoring and sampling equipment with protective material (e.g., aluminum foil,
polyethylene sheeting, Ziploc® bags) after decontamination and between sampling
locations to minimize the potential for cross-contamination between well purging events
at different locations.

- Use dedicated or disposable sampling equipment or new tubing at each sampling point
when appropriate to minimize the need for decontamination.

- Protect sampling equipment and/or the open well head from blowing soil and dust by
covering with plastic sheeting as needed.

- If a bailer and rope are used to purge and/or sample the well, then there is the possibility
of contamination from the rope used to lower the bailer. New or dedicated rope should
be used when appropriate. Alternatively, a decontaminated, Teflon®-coated stainless
steel leader can be attached between the rope and the bailer. The leader acts as an
extension to the rope and allows for the top of the bailer to enter the water column
without immediately placing the rope into the water. It is important to keep the rope
clean and not allow contact with the ground surface during bailing.

(k) Disposal of the groundwater collected during purging must be performed in accordance with
all applicable regulations and the project-specific work plan.

(I) Clear tape should not be used to cover labels on containers used for certain analyses (e.g., 40-
mL vials for VOC analysis) due to potential interference with analytical equipment.
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(m) In cases where it is difficult to obtain sufficient sample volume for multiple analytical
fractions as well as required quality control (QC) analyses (e.g., field duplicates, matrix
spike/matrix spike duplicate [MS/MSD] analyses), discuss this situation with the Project
Manager and laboratory prior to sample collection. Laboratories can often “make do” with
less volume, especially for inorganic parameters, or increase the reporting limit proportional
to the sample volume obtained.

1.7 Personnel Qualifications

Since this SOP will be implemented at sites or in work areas that entail potential exposure to
toxic chemicals or hazardous environments, all TRC personnel must be adequately trained.
Project- and client-specific training requirements for samplers and other personnel on site should
be developed in project planning documents, such as the sampling plan or project-specific work
plan. These requirements may include:

- OSHA 40-hour Health and Safety Training for Hazardous Waste Operations and
Emergency Response (HAZWOPER) workers
- 8-hour annual HAZWOPER refresher training.

2.0 PROCEDURES

Procedures for collecting groundwater samples from monitoring wells are described below. The
project-specific work plan should also be consulted for specific details regarding sampling.

When possible, sampling should always begin at the monitoring well with the least contaminated
groundwater and systematically proceed to the well with the most contaminated groundwater,
including sites which may have nested wells.

2.1  Pre-sampling Activities

(@) It should be determined if there is the requirement to determine static water level
measurements on all wells at the site prior to sampling, regardless if the well is being
sampled.

(b) Prior to field activities, review historical groundwater sampling logs (if available) to maintain
consistency for the current sampling event (e.g., equipment type, pump intake depth setting,
flow rate, etc.)

(c) Organize monitoring, purging, and sampling equipment taking care not to allow cross-
contamination. This can be accomplished by laying new polyethylene sheeting near the well
or using new buckets, etc.

(d) Calibrate (or perform a calibration check on) all field monitoring equipment on the same day
before collecting groundwater samples. Refer to TRC SOPs and manufacturer’s equipment
calibration instructions. A calibration check may also be required during or at the end of each
sampling day. Consult the project-specific work plan.
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2.2

(e) Unlock the well cover on the well.

(f) Record the sample location, time, and date in the field book and/or on the Groundwater Field
Data Record.

(g) On the Groundwater Field Data Record, note the physical condition of the well, including
damage, deterioration, and signs of tampering, if any. Collect photographic documentation of
serious damage to present to the Project Manager.

(h) Open the well cap and expansion plug, and stay upwind of and not directly over the well.
Note any unusual odors, sounds, or difficulties in opening the well and, if required, measure
the organic vapor reading at the rim of the well with a suitable organic vapor screening
device (e.g., PID or FID), and record the reading in the field book and/or on the Groundwater
Field Data Record. If pressure or vacuum is noted or suspected in the well, allow sufficient
time for the water level elevation in the well to equilibrate.

(i) Gently lower a clean, decontaminated water level measuring device into the well to determine
the static water level. If appropriate for site conditions, check for the presence of LNAPL or
DNAPL using an oil/water interface probe (refer to ECR SOP 004, Water Level and Product
Measurements). If LNAPL or DNAPL is detected, contact the Project Manager before
proceeding with purging and sampling activities. Record the information on depth to
groundwater to the nearest 0.01 feet, depth to LNAPL or DNAPL, and/or thickness of NAPL
in the field book and/or the Groundwater Field Data Record. Refer to ECR SOP 004, Water
Level and Product Measurements, for proper procedures in performing these measurements.

(1) If required in the project-specific work plan, measure the depth to the bottom of the well to
assist in calculating the well volume of the well. If possible, avoid making total well depth
measurements on the same day as sampling due to the tendency to disturb sediment during
this measurement. If NAPL is suspected, use a decontaminated oil/water interface probe. If
the measured depth is less than the constructed depth, this may indicate that the well needs to
be redeveloped (see ECR SOP 006, Well Development). Consult the project-specific work
plan or Project Manager for further instructions.

Groundwater Purging Activities

Purging is conducted to ensure that representative groundwater is obtained from the water-
bearing unit for analysis. The multiple-volume or low-flow purging approach may be used to
remove water from the well and monitor the water in order to determine when a well has been
adequately purged (i.e., stabilized); at a minimum, the pH, specific conductance and temperature
of the groundwater removed during purging should be monitored and recorded in the field notes.
Other parameters may be required in some regulatory jurisdictions (e.g., turbidity). Additionally,
the purge volume should be monitored and recorded. In some instances, such as when
monitoring at solid waste disposal facilities, simply removing an adequate volume of water (e.g.,
three well volumes) may be suitable for adequate purging, and sampling can commence. Check
with the project-specific work plan and appropriate regulatory guidance to determine any specific
purging requirements.
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If the well has been previously sampled consistent with this SOP, then the prior purging strategy
(e.g., method, pump intake depth and the flow rates) should be followed during subsequent
sampling events to maintain consistency and minimize potential variability due to the sampling
procedure.

2.2.1 Multiple-Volume Purging Approach
The multiple-volume purging approach is typically performed using bailers or submersible or
peristaltic pumps. In the multiple-volume purging approach, there are two measurements used to
determine adequate purge volume removal prior to sample collection: 1) purge volume and 2)
field parameter stabilization. The field parameters should be recorded at regular volumetric
intervals. There are no set criteria for establishing how many total sets of measurements are
adequate to document stability of parameters. If the calculated purge volume is small, the
measurements should be taken frequently enough (e.g., every 3 to 5 minutes) to provide a
sufficient number of measurements to evaluate stability. If the purge volume is large,
measurements taken every 15 minutes may be sufficient.
Purge Volume
Prior to purging a well, the amount of water inside the well riser and well screen (i.e., water
column) should be determined, if possible. To do this, the diameter of the well should be
determined and the water level and total depth of the well should be measured and recorded. The
specific methodology for obtaining these measurements is included in ECR SOP 004 Water Level
and Product Measurements.
Once this information is known, the well volume can be calculated using Equation 1:
Well Volume (V) = nr? h (cf) Equation 1
where:
n=pi(3.14)
r = radius of well in feet (ft)
h = height of the water column in ft. [This may be determined by subtracting the depth
to water from the total depth of the well as measured from the same reference point.]
cf = conversion factor in gallons per cubic foot (gal/ft®) = 7.48 gal/ft®.
The volume in gallons/linear foot (gal/ft) and liters/linear foot (L/ft) for common-size wells are as
follows:
Well Inside Diameter (inches) Volume (gal/ft) Volume (L/ft)
1 0.0408 0.1529
2 0.1631 0.6174
3 0.3670 1.3892
4 0.6524 2.4696
6 1.4680 5.5570
If the volumes for the common-size wells above are utilized, Equation 1 is modified as follows:
Well volume = (h)(f) Equation 2
where:
h = height of water column (feet)
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f = the volume in gal/ft or L/ft

For volumetric purging, an adequate purge is typically achieved when 3 to 5 well volumes have
been removed. The field notes should reflect the single-well volume calculations or
determinations according to one of the above methods and a reference to the appropriate
multiplication of that volume, (i.e., a minimum of 3 well volumes) clearly identified as a purge
volume goal.

For volumetric purging, it is suggested that field readings are collected every ¥ well/well screen
volume after an initial 1 to ¥2 well volumes are purged. The volume removed between readings
can be adjusted as well-specific information is developed.

If removing a specified volume of water (e.g., 3 well volumes) has been determined to be suitable
for purging, sampling can commence immediately upon achieving the required purge volume. In
other cases, where specified in the project-specific work plan, stabilization of field parameters
must be documented prior to sample collection. If, after 3 well volumes have been removed, the
field parameters have not stabilized (see discussion in Section 2.2.3), additional well volumes (up
to a total of 5 well volumes), should be removed. If the parameters have not stabilized within five
well volumes, it is at the discretion of the Project Manager whether or not to collect a sample or
to continue purging. If, after 5 well volumes, pH and conductivity have stabilized and the
turbidity is still decreasing and approaching an acceptable level, additional purging should be
considered to obtain the best sample possible with respect to turbidity. The conditions of
sampling should be noted in the field book.

Low-flow Purging Approach

The low-flow purging approach is typically performed using peristaltic pumps or submersible
pumps. Low-flow purging (also referred to as low-stress purging, low-volume purging, or
Micropurging®) is a method of well purging/sampling that minimizes the volume of water
withdrawn from a well in obtaining a representative sample. The term low-flow refers to the low
velocity with which water enters the pump intake during purging and sampling. The objective is
to draw representative saturated zone water through the well screen to the pump intake while
avoiding disturbance of the stagnant water above the well screen through minimizing drawdown
of the water column in the well. To achieve this, the flow rate should be adjusted to less than 1
L/min (usually, this will be a rate less than 500 ml/min and may be as low as 100 ml/min). Once
drawdown stabilizes, the sampled water is isolated from the stagnant water in the well casing,
thus eliminating the need for its removal. This sampling method is based on the principle that
water within the screened zone passes through continuously and does not mix with water above
the screen. Water entering the pump can be considered representative of water in the formation
after drawdown and indicator parameters have stabilized.

When performing low-flow purging and sampling, it is recommended that the pump intake be set
in the center of the well screen interval (or center of the water column within the well screen if
the water level is below the top of the well screen) to help prevent disturbance of any sediment at
the bottom of the well. If known, the pump can be placed adjacent to the areas with the highest
hydraulic conductivity or highest level of contaminants. Dedicated pumps can be utilized to
minimize disturbance of the water column. Subsequent sampling events should duplicate as
closely as possible the pump intake depth and the stabilized flow rate from the previous events.
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To begin purging, the pump should be started at the lowest pressure/power flow rate setting (e.g.,
100 mL/min) and then slowly increased until water begins discharging. Monitor the water level
and slowly adjust the pump speed until there is little or no drawdown or drawdown has stabilized.
The pump pressure/power may need to be increased for discharge to occur.

The stabilization of drawdown should be documented. Measure and record the flow rate and
water level every 3 to 5 minutes during purging. The flow rate should be reduced if drawdown is
greater than 0.3 feet over three consecutive 3 to 5 minute interval readings. Note any flow rate
adjustments on the Groundwater Field Data Record. Once an appropriate purge rate has been
achieved, record this information, continue purging until water quality indicator parameters have
stabilized (see Section 2.2.3), and then sample the well.

Attempts should be made to avoid pumping a well dry. If drawdown cannot be maintained at less
than 0.3 feet and the falling water level is approaching the top of the screened interval (or the top
of the pump for sampling that began with the water level below the top of the screen), perform
the following steps:

1. Reduce the flow rate, or turn the pump off and allow for recovery. (The pump must have
a check valve to prevent backflow if it is shut off).

2. Begin pumping again at a lower flow rate.

3. If water draws down to the top of the screened interval again (or the top of the pump for
sampling that began with the water level below the top of the screen), turn the pump off
and allow for recovery.

4. If two tubing volumes (including volume of water in the pump and flow-through cell)
have been removed during purging, sampling can proceed the next time the pump is
turned on without waiting for indicator field parameters to stabilize. The project-specific
work plan or Project Manager should be consulted for guidance.

5. If this procedure is used, this should be recorded in the field book and/or on the
Groundwater Field Data Record.

2.2.3 Field Parameter Stabilization During Purging
Stabilization criteria may depend on project objectives or regulatory-specific requirements. Refer
to Appendix A for some of the regulatory-specific requirements for field parameter stabilization.
Generally, an adequate purge with respect to the ground water chemistry is achieved when,
stability for at least three consecutive measurements is as follows:
e pH % 0.1 standard unit (SU)
e specific conductance within 3%
turbidity within 10% for values greater than 5 nephelometric turbidity units (NTUs). If
three turbidity readings are less than 5 NTUs, the values are considered as stabilized
Other parameters, such as DO, may also be used as a stabilization parameter. Typical stabilization
goals for DO are within 0.2 mg/L or 10% saturation, whichever is greater. DO measurements
should be conducted using either a flow-through cell or an over-topping cell to minimize or
reduce potential oxygenation of the sample.
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Because groundwater temperature is generally not very sensitive in distinguishing between
stagnant casing water and formation water and is subject to rapid changes during purging, its
usefulness is subject to question for the purpose of determining parameter stability. Even if
temperature is not used to determine stability during well purging, it is still advisable to record
the sample temperature, along with the other groundwater chemistry parameters, during well
purging, as it may be needed to interpret other parameter results.

ORP is not always used as a stabilization parameter since it may also be subject to rapid changes
during the purging process; however, it may be measured and recorded during well purging.

2.2.4 Special Considerations During Purging

Wells Purged Dry/Purge Adequacy

For wells with slow groundwater recovery, attempts should be made to avoid purging the well
dry. This may be accomplished by slowing the purge rate. As water enters a well that has been
purged dry, the water may cascade down the sand pack and/or the well screen, potentially
stripping VOCs that may be present and/or potentially mobilizing soil fines into the re-
accumulating water column.

However, even with slower purge rates, in some situations, a well may be pumped or bailed dry
(evacuated) during the purging process. In these situations, evacuation generally constitutes an
adequate purge and the well may be sampled following sufficient recovery (enough volume to
allow filling of all sample containers). It is not necessary that the well be evacuated three
times before it is sampled. Purging parameters should be measured and recorded during sample
collection to serve as the measurements of record for the sampling event.

It is particularly important that wells be sampled as soon as possible after purging to maintain
sample representativeness. If adequate volume is available upon completion of purging, the well
should be sampled immediately. If not, sampling should occur as soon as adequate volume has
recovered. If possible, sampling of wells that have a slow recovery should be scheduled so that
they can be purged and sampled in the same day after adequate volume has recovered. Wells of
this type should, unless it is unavoidable, not be purged at the end of one day and sampled the
following day.

Temporary Monitoring Wells

Procedures used to purge temporary groundwater monitoring wells may differ from permanent
wells, because temporary wells are installed with different DQOs for immediate sample
acquisition. Wells of this type may include standard well screens and risers placed in boreholes
created by hand augering, power augering, or by drilling. Alternatively, they may consist of a
rigid rod and screen that is pushed, driven, or hammered into place to the desired sampling
interval, such as a direct push Wellpoint®, a Geoprobe® Screen Point 15/16 sampler, or a
Hydropunch® sampler.

Purging to address stagnant water may not necessarily apply to temporary wells, because stagnant
water is not typically present. It is important to note, however, that the longer a temporary well is
in place and not sampled, the more stagnant the water column may become, and the more
appropriate it may be to apply, to the extent possible, standard permanent monitoring well
purging criteria.
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In cases where the temporary well is to be sampled immediately after installation, purging is
conducted primarily to mitigate the impacts of installation. In most cases, temporary well
installation procedures disturb the existing saturated conditions, resulting primarily in increased
turbidity. Therefore, the goal of purging, if conducted, may be to reduce the turbidity and remove
the volume of water in the area directly impacted by the installation procedure. Low turbidity
conditions in these types of wells that are completed within the limit of suction are typically and
routinely achieved by the use of low-flow/low-stress purging techniques using variable-speed
peristaltic pumps.

Equipment Considerations for Purging

Monitoring well purging is accomplished by using in-place plumbing and dedicated pumps or by
using portable pumps/equipment when dedicated systems are not present. The pump of choice is
usually a function of the purging approach (e.g., multiple-volume vs. low-flow), well diameter,
the DTW, the total depth of the well, the amount of water that is to be removed during purging,
the specific analytical testing program for the well, and the equipment previously used during
purging and sampling of the well. A peristaltic pump is appropriate for purging whenever the
head difference between the sampling location and the water level is less than the limit of suction
(approximately 25’ to 30’) and the volume to be removed is reasonably small. For wells where
the water level is below the limit of suction, and/or where there is a large volume of water to be
purged, the variable-speed electric submersible pump or adjustable-rate bladder pumps would be
appropriate. Bailers may also be used for purging in appropriate situations (e.g., shallow wells
with small purge volumes); bailers are not suitable for low-flow purging.

The following subsections describe well evacuation devices that are most commonly used. Other
devices are available but are not discussed in this SOP due to their limited use. Site-specific
operating procedures should be developed in the case that an uncommon purge device is used.

2.2.5.1 Purging with a Suction Pump

There are many different types of suction pumps. They commonly include: centrifugal,
peristaltic and diaphragm. Diaphragm pumps can be used for well evacuation at a fast pumping
rate and sampling at a low pumping rate. The peristaltic pump is a low-volume pump that
incorporates a roller to squeeze flexible tubing, thereby creating suction. This tubing can be
dedicated to a well for re-use or discarded. It is recommended that 1/4 inch or 3/8 inch (inner
diameter) tubing be used to help ensure that the sample tubing remains filled with water and to
prevent water from being aerated as it flows through the tubing. Purging procedures are as
follows.

@) Determine the volume of water to be purged as described in Section 2.2.1 or follow the
low-flow approach described in Section 2.2.2 (applicable to peristaltic pumps only).

(b) Take necessary precautions (e.g., laying plastic sheeting around the well) to prevent
contamination of pumps, tubing or other purging/sampling equipment with foreign
materials.

(©) Assemble the pump, tubing and power source, if necessary, in accordance with
manufacturer’s specifications.

(d) Ensure that the pump tubing is set at the pre-determined pump intake depth.

(e) Connect the discharge line from the pump to the flow-through cell for parameter
measurements. Use a T-connection or valve prior to the flow-through cell to allow for
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collection of water for turbidity measurements. Direct the discharge line from the flow-
through cell to a 5-gallon bucket (or equivalent) to contain the purge water for proper
disposal. Verify the end of the tubing is not submerged in the purge bucket. Manage
purge water as specified in the project-specific work plan.

() Do not allow the pump to run dry. If the pumping rate exceeds the well recharge rate,
adjust the rate accordingly or, if consistent with the purging and sampling objectives,
lower the tubing further into the well and continue pumping.

(9) Using the water quality meter, take an initial reading of the required indicator parameters.
All measurements, except turbidity, must be obtained using a transparent flow-through
cell unless an unforeseen situation makes this impractical or inadvisable. Initially,
turbidity may be elevated. Once turbidity has decreased to a measurable range, begin
monitoring indicator parameters at approximately every 3-5 minutes, or as appropriate.
Please note that flow-through cell size should be taken into account in conjunction with
the flow rate to determine the length of time between water quality parameter readings.
At least one flow-through cell volume should be turned over between readings. For
example, if the flow through cell size is 500 mL and the flow rate is 100 mL/min, then it
would be appropriate to measure water quality parameters every 5 minutes.

(h) Record the readings on the Groundwater Field Data Record. The monitoring probes must
be submerged in water at all times. Record the indicator parameters, along with the water
level, as described in Step (g) above. If removing a specified volume of water (e.g., 3-5
well volumes) has been determined to be suitable for purging, sampling can commence
immediately upon achieving the required purge volume. In other cases, where specified
in the project-specific work plan, stabilization of field parameters must be documented
prior to sample collection. Stabilization criteria are discussed in Section 2.2.3.

Particulate build-up in the flow-through cell may impact indicator parameters. If the cell
must be cleaned during pumping operations, continue pumping and disconnect the cell
for cleaning, then reconnect and continue monitoring. Record the start and stop times,
and describe the cleaning steps in the field book.

If indicator parameter stabilization is required and parameters have not stabilized after 2-
hours of purging (or other pre-determined length of time), one of three options may be
taken after consultation with the Project Manager:

1) continue purging until stabilization is achieved;

2) discontinue purging, do not collect any samples, and record in the field book and/or
on the Groundwater Field Data Record the stabilization conditions and steps taken to
attempt to achieve stabilization,; or,

3) discontinue purging, collect samples and document attempts to achieve stabilization.

NOTE: If parameters do not stabilize, or turbidity remains greater than 5 NTU within
the project-determined time range (EPA recommends up to 2 hours), contact the Project
Manager to develop a modified sampling approach.

(M Record the volume of water purged on the Groundwater Field Data Record. Record the
disposal method used for purge water in the field book.
a) Once the required volume of water is removed (typically 3 to 5 well volumes) from the

well and/or parameters are stabilized to the satisfaction of the project-specific work plan,
proceed to Section 2.3, Post-purging Groundwater Sample Collection.
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2.2.5.2 Purging with a Submersible Pump

Submersible pumps generally use one of two types of power supplies, either electric or
compressed gas. Electric pumps can be powered by a 12-volt DC rechargeable battery, or a 110-
or 220-volt AC power supply. Those units powered by compressed gas (e.g., bladder pump)
normally use a small electric controller that also needs a 12-volt DC battery or 110-volt AC
power. They may also utilize compressed gas from bottles. Pumps differ according to the depth
and diameter of the monitoring wells and the height of the potentiometric surface/water table
(e.g., pressure head). It is recommended that 1/4-inch or 3/8-inch (inner diameter) tubing be used
to help ensure that the sample tubing remains filled with water and to prevent water from being
aerated as it flows through the tubing. Purging procedures are as follows.

(a)
(b)

(©)

(d)

(€)

()

Determine the volume of water to be purged as described in Section 2.2.1 or follow the
low-flow approach described in Section 2.2.2.

Take necessary precautions (e.g., laying plastic sheeting around the well) to prevent
contamination of pumps, tubing or other purging/sampling equipment with foreign
materials.

Assemble the pump, tubing and power source, if necessary, in accordance with
manufacturer’s specifications. If the pump itself is being lowered into the well, ensure a
safety line is attached.

Non-dedicated purge/sampling vs. dedicated purge/sampling systems.

Dedicated systems: Pump has already been installed. Refer to historical monitoring well
information, and record the depth of the pump intake in the field book and/or on the
Groundwater Field Data Record.

Non-dedicated systems: Determine the target depth of the pump intake. Note that this
may be a historical intake depth; see well construction data or the project-specific work
plan. If there is not an established intake depth, the center of the screened interval should
be targeted. If the measured water level is lower than the top of the well screen, position
the pump intake at the midpoint of the water column. The intake should be generally 1 to
2 feet above the bottom of the well to minimize potential mobilization of any settled
sediment, the risk of the pumping suction being broken, or the entrainment of air in the
pump tubing and resulting sample. Slowly lower the pump, safety line, and tubing into
the well to the pre-determined pump intake depth. The tubing should be cut to the
desired length to assist in installing the pump. Measure the depth of the pump intake
while lowering the tubing/pump into location. Record the pump intake depth in the field
book and/or on the Groundwater Field Data Record. For deeper wells and large diameter
wells, two staff members may be necessary to accomplish this task.

Connect the discharge line from the pump to the flow-through cell for parameter
measurements. Use a T-connection or valve prior to the flow-through cell to allow for
collection of water for turbidity measurements. Direct the discharge line from the flow-
through cell to a 5-gallon bucket (or equivalent) to contain the purge water for proper
disposal. Verify the end of the tubing is not submerged in the purge bucket. Manage
purge water as specified in the project-specific work plan.

Measure the flow rate of the pump with a graduated container and stop watch. The pump
pressure may need to be increased for discharge to occur. Record the volume of water
collected for a period of 1 minute and calculate the flow rate as follows.
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(9)

(h)
(i)

volume collected (mL)
1 minute

Flowrate (mL / min) =

Measure the water level and record the flow rate and the water level. This should be
performed every 3 to 5 minutes during purging. For low-flow purging, the flow rate
should be adjusted to result in a rate between 100 to 500 mL/min; however, if drawdown
of the well is observed, a slower flow rate may be necessary. If using a bladder pump, it
is recommended that the pump be set to deliver long pulses of water so that one pulse
will fill a 40 mL volatile organic analysis (VOA) vial, if possible.

Prior to recording the water quality indicator parameters, a minimum of one tubing
volume should be purged. Note that this includes the volume of the flow-through cell.
Proceed to steps (g) through (j) in Section 2.2.5.1.

2.2.5.3 Purging with a Bailer

(a)
(b)

(©)
(d)

(€)

()

(9)

(h)

Determine the volume of water to be purged as described in Section 2.2.1.

Take necessary precautions (e.g., laying plastic sheeting around the well) to prevent
contamination of tubing or other purging/sampling equipment with foreign materials.

Use a well-dedicated bailer (i.e., used exclusively for that well only), a decontaminated bailer
or an unused, disposable bailer.

Attach an appropriate length of (a) bailing line, (b) Teflon®-coated bailing wire or (c) rope
with Teflon®-coated stainless steel leader to reach the bottom of the well. Secure a knot or
series of knots to the top of the bailer. Be sure to have additional length of line to facilitate
handling of the bailer at the surface (typically 10 ft).

Lower the bailer gently into the well until it reaches the water column and fills with water
from the bottom. Note: It is recommended that the bailer be lowered into the water to a
depth that prevents the water from entering the top of the bailer. This is done to prevent
excess turbulence caused by filling from the bottom and the top simultaneously. Controlling
the line attached to the bailer as it is lowered into the well is also important to prevent
degassing of the water as the bailer impacts the water. In shallow wells, controlling the line
is not too difficult; however, for wells of greater depths it is common to utilize a hand-over-
hand (windmill) approach using both hands to control longer lengths of line and prevent the
loops in the line from tangling with one another. This procedure is simple to learn and saves
a good deal of time by preventing tangles. Do not allow the bailing line or rope to become
contaminated by surface soil.

Once the bailer is full of water, gently withdraw the bailer from the well until it comes out of
the top of the well. Be sure to control excess line in your hands to prevent the rope and bailer
from touching the ground, and then grasp the bailer as it appears at the top of the well.
Immediately pour the water into a vessel for water quality measurements, and record the
measurements in the field book or on the Groundwater Field Data Record (at the project-
required frequency). Otherwise, pour water into a 5-gallon bucket or other vessel to track the
volume purged. As a general rule, standard 2-inch bailers are able to hold about 1 liter of
water when full. This process will have to be repeated several times to complete adequate
purging of the well (e.g., three to five well volumes).

Record the volume of water purged on the Groundwater Field Data Record. Record the
disposal method used for purge water in the field book.

Groundwater Sampling Page 22 of 46
Procedure No: ECR 009 Revision: 4 Effective: 08/2020
TRC Controlled Document For Information Only



{\ TRC STANDARD OPERATING PROCEDURE
I PROPRIETARY PROPERTY OF TRC — UNAUTHORIZED USE PROHIBITED

2.3

231

2.3.2

(i) Once the required volume of water is removed (typically 3 to 5 well volumes) from the well
and/or parameters are stabilized to the satisfaction of the project-specific work plan, proceed
to Section 2.3, Post-purging Groundwater Sample Collection.

Post-purging Groundwater Sample Collection

(&) New, disposable gloves should be donned immediately prior to sample collection and should
be changed at any point that their cleanliness becomes compromised during sample
collection.

(b) If using a submersible or peristaltic pump, maintain the same flow rate as used during
purging. Disconnect the pump tubing from the flow-through cell or sample from the T-
connector, if used. Samples must be collected directly from the discharge port of the pump
tubing prior to passing through the flow-through cell. This is critically important to avoid
cross-contamination between wells.

(c) If using bottom-filling bailers,

e Slowly lower the bailer into the well until it is submerged to the point where water
does not enter the top (i.e., bottom-filling).

e Retrieve the bailer. The first bailer recovered after well purging must be used for
sample collection.

Sample Collection Order

Fractions of the groundwater sample should be collected in the following order (i.e., decreasing
volatility) unless otherwise specified in the project-specific work plan:

VOCs;

Semivolatile organic compounds (SVOCs);

Other organic parameters;

Unfiltered inorganic constituents (e.g., total metals);
Filtered inorganic constituents (e.g., dissolved metals); and
Other constituents.

AN

During sample collection, allow the water to flow directly down the side of the sample container
without allowing the tubing to touch the inside of the sample container or lid in order to minimize
aeration and turbulence and maintain sample integrity. The tubing should remain filled with
water.

VOC Sample Collection

Collection of VOCs/Volatile Petroleum Hydrocarbons (VPH): Samples for VOCs will be
collected first unless they are being collected by the “straw” method described in Section 1.6.2
(d), and the sample vial must be filled so a meniscus forms over the mouth of the vial. This
ensures no air bubbles or headspace will be formed after it has been capped. Ensure the lack of
air bubbles and headspace by turning the vial upside down and tapping it lightly. If any bubbles
are observed, the vial should be topped off using a minimal amount of sample to re-establish the
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233

234

2.4

meniscus. Care should be taken to not flush any preservative out of the vial when topping off. If,
after topping off and capping the vial, bubbles are still present, a new vial should be obtained and
the sample re-collected. Note: Extra VOC vials should be obtained prior to the sampling event in
case this situation occurs.

Note: When using a bladder pump, it is recommended that the pump be set to deliver long pulses
of water so that one pulse will fill a 40 ml VOA vial, if possible.

When acid preservation is used for the collection of VOCs, the acid must be added to the vials
before sample collection. However, in most cases 40-ml VOA vials come pre-preserved. If a
pre-preserved vial effervesces upon the addition of sample, the acid preservative can be rinsed out
of the vial with sample water and then used to collect the sample. The laboratory should be made
aware that the affected sample will not be acid-preserved as this may affect the sample holding
time. Note effervescence in the field book for future reference.

Non-VOC Sample Collection
Completely fill the remaining sample containers for all non-VOC analyses.

Preserve the non-VOC samples in accordance with method and project-specific requirements
following sample collection if the sample containers are not pre-preserved.
(NOTE: Pre-preserved vials may be supplied by the laboratory, depending on the program).

Field Filtering

Depending upon project requirements, field filtering may be performed for non-VOC analyses.
An in-line filter should be fitted at the end of the discharge tubing and the sample should be
collected after the filter. Pre-rinse the in-line filter by allowing a minimum of 0.5 to 1 liter of
groundwater from the well to pass through the filter prior to sampling. Ensure the filter is free of
air bubbles prior to collecting samples. Preserve the filtered water sample immediately or
directly fill pre-preserved containers (if provided). Clearly note “filtered” or “dissolved” on
sample label and COC document.

Groundwater Sample Collection Without Purging (Passive Sampling)

Passive sampling can be defined as the free flow of contaminants from the media being sampled
to a receiving phase in a sampling device. Depending upon the sampler, the receiving phase can
be a solvent (e.g., water), chemical reagent, or porous adsorbent (e.g., activated carbon). While
there are many different types of passive samplers, most have a barrier between the medium
being sampled and the receiving phase. The barrier determines the sampling rate that
contaminants are collected at a given concentration and can be used to selectively permit or
restrict various classes of chemicals from entering the receiving phase.

There are three generic forms of passive (no purge) samplers: thief (grab) samplers, diffusion
(equilibrium) samplers, and integrating (kinetic) samplers. However, this SOP focuses on the
more commonly used diffusion (equilibrium) samplers.

Passive samplers are deployed down a well to the desired depth within the screened interval or
open borehole to obtain a discrete sample without using pumping or a purging technique. Most
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samplers are able to be stacked to obtain samples at multiple depths. Some samplers can also be
used to measure contaminants in groundwater as it enters a surface water body.

Diffusion, or equilibrium, samplers are devices that rely on diffusion of the analytes to reach
equilibrium between the sampler fluid and the well water. Samples are time-weighted toward
conditions at the sampling point during the latter portion of the deployment period. The degree of
weighting depends on analyte and device-specific diffusion rates. Typically, conditions during
only the last few days of sampler deployment are represented. Depending upon the contaminant
of concern, equilibration times range from a few days to several weeks. Diffusion samplers are
less versatile than grab samplers as they are not generally effective for all chemical classes.

Both the diffusion and integrating samplers depend upon permeation or diffusion through barriers
that hold the receiving phase. This diffusion process is chemical and barrier specific. Diffusion
samplers are commonly known as PDBs or rigid porous polyethylene (RPP) samplers. PDBs
may be used to sample for VOCs, and RPPs may be used to sample for various organic and
inorganic constituents. PDBs must be allowed to remain in the well for a sufficient period of time
to allow the deionized water in the sampler to come into equilibrium with the constituents in the
ambient groundwater.

Some regulatory agencies allow groundwater samples to be collected without purging the well.
This may be accomplished by suspending a passive sampler in the well for a period of time
appropriate for the type of passive sampler being used. It is important to confirm that the chosen
sampler is compatible with the contaminants of concern including all VOCs of interest at the site.

Diffusion passive samplers are used most commonly and the procedure for their use is as follows:

(a) Passive samplers are deployed at a predetermined depth across the well screen. Typically,
the initial sampling event may deploy multiple passive samplers across 5-foot intervals of
saturated well screen to observe any potential stratification. Long-term sampling depths
typically target a zone of higher concentration, if present.

(b) New passive samplers are attached via PVC cable ties to a tether (a pre-made marine-grade
polyethylene rope or stainless steel cable with a weight at the bottom) that is then suspended
within the well. There should be sufficient well screen saturation within the well to
completely cover the passive sampler. For VOCs, it is recommended that there should be
several feet of groundwater above the top of the PDB.

(c) The passive sampler should be allowed to equilibrate with groundwater for an appropriate
period of time (e.g., at least 2 weeks for PDB samplers). Longer equilibration times may be
necessary in lower permeability formations. Once sufficient time for equilibration has
passed, the PDB samplers can be retrieved when convenient.

(d) Raise the passive sampler to the surface using a tether reel. Examine the surface of the
passive sampler for evidence of algae, iron, or other coatings, and for tears to the membrane.
Note observations in the field book. If tears are present and water is leaking out, the sample
is not considered viable. Contact the Project Manager.

(e) Detach the passive sampler from the tether.
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(f) Remove excess beaded water from the passive sampler with a clean gloved hand, running top
to bottom; this is to minimize the contact of beaded water with water in the passive sampler.

(g) Use a small diameter discharge tube (<0.15 inch diameter to reduce volatilization) and pierce
near the bottom, allowing water to smoothly flow into the VOA vial. Tilting the passive
sampler will control the flow rate. The VOA vials must be filled within the first several
minutes of passive sampler retrieval. (Note that sample vials should be prepared and opened
on a stable surface or holding device such as a foam pack. Decanting sample from passive
samplers into containers requires techniques that may require some practice and patience.)
Refer to Section 2.3.2 for special circumstances regarding the filling of VOA vials.

(h) A small amount of water may remain within the passive sampler after filling the VOA vials
and can be used for field parameter measurements if required.

(i) Dispose of the passive sampler after use.

2.5 Post-sampling Activities

(a) Cease pumping and, if system is non-dedicated, disassemble and decontaminate the purging
and sampling equipment. Verify the end of the tubing is not submerged in the purge bucket
prior to turning off the pump.

(b) Dispose of the bailer (if disposable) and/or rope and/or other disposable equipment in
accordance with the project-specific work plan, or store the bailer in a plastic bag for
transport to the site decontamination area.

(c) Dispose of the empty passive sampler and/or rope and/or other disposable equipment in
accordance with the project-specific work plan, or store the empty passive sampler in a
plastic bag for transport to the site decontamination area

(d) Replace the well cap and well cover on the well and lock the outer casing (if present).

(e) Label each sample. If the labels are covered with clear tape, ensure this is not performed for
VOA vials.

(f) Place all samples in a cooler with ice.

(g) Ensure samples are delivered to the laboratory well before the required holding time expires.

(h) Consult the project-specific work plan to determine if a calibration check is required at the
end of the day for the water quality parameters.

3.0 INVESTIGATION-DERIVED WASTE DISPOSAL

Field personnel should discuss specific documentation and containerization requirements for

investigation-derived waste disposal with the Project Manager.
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4.0

4.1

4.2

Each project must consider investigation-derived waste disposal methods and have a plan in place
prior to performing the field work. Provisions must be in place as to what will be done with
investigation-derived waste. If investigation-derived waste cannot be returned to the site,
consider material containment, such as a composite drum, proper labeling, on-site storage by the
client, testing for disposal approval of the materials, and ultimately the pickup and disposal of the
materials by appropriately licensed vendors.

QUALITY ASSURANCE/QUALITY CONTROL

The collection of QC samples is dependent upon the DQOs. Project-specific work plans should
be consulted to determine the required frequency of QC sample collection.

Field Duplicates
The following procedures should be used for collecting field duplicates of groundwater samples:

(@) For QC purposes, each duplicate sample will be typically submitted to the laboratory as a
“blind” duplicate sample, in that a unique sample identification not tied to the primary sample
identification will be assigned to the duplicate (e.g., DUP-01). Standard labeling procedures
used for groundwater sampling will be employed. However, a sample collection time will
not be included on the sample label or the COC form. The actual source of the duplicate
sample will be recorded in the field book and/or on the Groundwater Field Data Record.

(b) Each duplicate sample will be collected simultaneously with the actual sample by alternately
filling sample and duplicate bottles. Following the order of collection specified for each set of
containers (VOCs, SVOCs, other organic parameters, unfiltered inorganic constituents, and
filtered inorganic constituents), the duplicate sample containers will be alternately filled with
groundwater for each parameter.

(c) All collection and preservation procedures outlined for groundwater sampling will be
followed for each duplicate sample.

Equipment Blanks

Equipment blanks include reagent water that is run through the bailer (if not disposable), rope,
leader line, decontaminated pump, a representative section of the pump’s tubing, or any other
piece of sampling equipment that may have come in contact with the sample. The equipment
blanks are collected and preserved in the same sample containers as field samples. If dedicated or
disposable systems are used, equipment blanks are not required, although an initial blank could be
performed to demonstrate that the dedicated equipment is clean prior to use. If only dedicated
tubing is used, the equipment blank will include only the pump in subsequent sampling events. A
passive sampler is considered a dedicated device and no equipment blank is required.

Ideally, the reagent water should come from the laboratory and be certified clean. If not certified
and/or if not from the laboratory performing the analyses, a separate water blank that has not run
through the sampling equipment should be sent to the laboratory for analysis.
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4.3

4.4

4.5

4.6

5.0

Trip Blanks

Trip blanks will be used to check for potential contamination of VOCs via migration during
storage and shipping. Trip blanks typically consist of two to three 40 mL VOA vials filled with
analyte-free water and preserved with hydrochloric acid (HCI) to pH <2 SU. Trip blank
containers are usually supplied pre-filled by the laboratory. Trip blanks are typically submitted to
the laboratory at a frequency of one per cooler for coolers that contain samples for VOC and/or
VPH analysis. Trip blanks are analyzed by the laboratory for VOCs and/or VPH, depending on
field sample analyses.

Field Blanks

Field blanks consists of analyte free water exposed to the atmosphere during field sample
collection. The water is containerized in an appropriate bottle and preservative for the analytical
suite and shipped to the laboratory with the other field samples. The results are used to assess
whether or ambient/surrounding air conditions may have influenced analytical results.

MS/MSDs and MS/Duplicates

MSs are an additional analysis of a sample spiked by the laboratory with a subset or all of the
target analytes and are used to demonstrate the accuracy of analytical methods for a given matrix.
MSDs are an additional analysis of a sample spiked with a subset or all of the target analytes and
are also used to demonstrate the accuracy of analytical methods for a given matrix. MS/MSDs
also provide a measure of analytical precision for a given matrix. Duplicates are an additional
analysis of a sample and are used to demonstrate the precision of analytical methods for a given
matrix.

Triplicate volumes of a field sample must be collected in order for the laboratory to have enough
volume to perform the MS/MSD analyses for organic parameters. Duplicate volumes of a field
sample must be collected in order for the laboratory to have enough volume to perform
MS/Duplicate analyses for inorganic parameters. The sample designated for MS/MSD or
MS/Duplicate analyses should be noted in the Comments column of the COC document.

Temperature Blanks

Temperature blanks consist of a sample container filled with non-preserved water (potable or
distilled) and typically are included in all coolers that contain samples that require temperature
preservation. These may be added to the coolers by the field team if not provided by the
laboratory. Temperature blanks must remain inside the coolers on ice during the sampling
process.

DATA MANAGEMENT AND RECORDS MANAGEMENT

Record the sample location, sample identification, and date and time of collection in the field
book and/or the Groundwater Field Data Record. The Groundwater Field Data Record
(Attachment B) should be used to record the following information:

e Volume of each sample
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Sample identification number

Sample location (sketch of the sample point)

Time and date sample was collected

Personnel performing the task

Volume of water removed

Purging time

Flow rate during purging and sampling

Weather conditions during sampling (e.g. temperature, wind)
Field parameters such as water level, pH, temperature, conductivity, turbidity, ORP, and DO
Sample collection equipment and method used
Decontamination procedures

Analytical parameters

Preservation method and amount of preservative

All sample numbers must be documented on the COC form that accompanies the samples during
shipment. Any deviations from the records management procedures specified in the project-
specific work plan must be approved by the Project Manager and documented in the field book.
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7.0 SOP REVISION HISTORY

REVISION NUMBER

REVISION DATE REASON FOR REVISION

0

AUGUST 2014 NOT APPLICABLE

ADDED ATTACHMENT D TO
ACCOMMODATE SOP
MODIFICATIONS REQUIRED WHEN
SAMPLING FOR PFCs; CHANGED
NAMING CONVENTION FOR SOP
FROM RMD 1O ECR.

JuLy 2016

ADDED ADDITIONAL INFORMATION

NOVEMBER 2016 REGARDING PFAS.

TRC RE-BRANDING; ADDED FIELD

JANUARY 2020 BLANKS TO SECTION 4

ADDITIONAL PFAS-SPECIFIC

AucUST 2020 INFORMATION INCLUDED
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Attachment A:

Groundwater Field Parameter Stabilization Criteria for
Selected Jurisdictions
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Jurisdiction

Information Source

Applicable Stabilization Criteria

USEPA Region 1

Low Stress (low flow) Purging and Sampling Procedure for the Collection of
Groundwater Samples from Monitoring Wells; U.S. Environmental Protection
Agency Region 1, January 19, 2010.

http://www.epa.gov/region1/lab/ga/pdfs/EQASOP-GWO001.pdf (for low flow
PDF)

http://www.epa.gov/regionl/lab/qa/qualsys.html (for EPA’s Quality System
Documents)

pH: +0.1 unit

Specific Conductance: £3%

Temperature: £3%

Turbidity: £10% if >5 NTUs; if three Turbidity values are <5
NTU, consider the values as stabilized

Dissolved Oxygen: +10% if >0.5 mg/L, if three Dissolved
Oxygen values are <0.5 mg/L, consider the values as stabilized
Oxidation/Reduction Potential: £10 millivolts

USEPA Region 2

Groundwater Sampling Procedure: Low Stress (Low Flow) Purging and
Sampling, SOP # SST-7, Revision No. 1, November 2010.

Same as above

USEPA Region 4

USEPA Region 4 SOPs:

http://www.epa.gov/region4/sesd/fbgstp/index.html

See Chemical Parameter Stabilization Criteria (section 3.2.1.1.2 of
Groundwater Sampling SOP, revision 3/6/2013:

http://www.epa.gov/region4/sesd/fbgstp/Groundwater-Sampling.pdf

pH: +0.1 unit

Specific Conductance: £5%

Temperature: Not used

Turbidity: “Stabilized” (no criteria specified) if >10 NTUs ; if
three Turbidity values are <10 NTUs, consider the values as
stabilized

Dissolved Oxygen (optional parameter): +0.2 mg/L or £10% of
saturation, whichever is greater

Oxidation/Reduction Potential: Not used

USEPA Region 5

Ground Water Forum Issue Paper (May 2002, Yeskis and Zavala)
http://www.epa.gov/superfund/remedytech/tsp/download/gw_sampling_guide

-pdf

A minimum set of parameters would include pH, conductivity, and turbidity
or DO.

Puls and Barcelona, 1996 (pH, specific conductance, ORP, turbidity)

Wilde et al., 1998 (pH, turbidity, DO)

pH: +0.1 unit

Specific Conductance: £3%

Temperature: Not used

Turbidity: £10% if >10 NTUs

Dissolved Oxygen: +0.3 mg/L
Oxidation/Reduction Potential: £10 millivolts

USEPA Region 9

See USEPA Region 1 (above)

USEPA Region 10

See USEPA Region 5 (above)

Alabama

Alabama Environmental Investigation and Remediation Guidance (section
C.3.1)

http://www.adem.state.al.us/Morelnfo/pubs/AEIRGInvestigation.pdf

pH: +0.1 unit

Specific Conductance: £10%

Temperature: “Constant” (no criteria specified)
Turbidity: Stabilized (no criteria specified), or <10 NTUs
Dissolved Oxygen: No criteria specified
Oxidation/Reduction Potential: No criteria specified
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Jurisdiction Information Source Applicable Stabilization Criteria
Indiana Indiana Department of Environmental Management pH: +0.1 unit
The Micro-Purge Sampling Option Specific Conductance: £3%
http://www.in.gov/idem/files/remediation_tech_guidance micro-purge.pdf Temperature: £3%
Turbidity: £10%
The parameters normally measured for stability (listed in increasing order of Dissolved Oxygen: +10%
sensitivity) are pH, temperature, specific conductivity, oxidation-reduction Oxidation/Reduction Potential: £10 millivolts (document says
potential, DO and turbidity. At least one of the last three listed must be used. microvolts, but that may be an error)
Michigan MDEQ Part 201 Op Memo 2, Attachment 5 No specific values to determine stabilization are listed, but the Op
http://www.michigan.gov/documents/deq/deq-rrd- Memo lists several other groundwater sampling guidance
OpMemo_2 Attachment5 249853 7.pdf documents. If a valid reference exists, then it can be used to
justify a sampling approach and stabilization parameters.
New Jersey New Jersey Department of Environmental Protection pH: + 0.1 unit
http://www.state.nj.us/dep/srp/guidance/fspm/ Specific Conductance: + 3%
Temperature: £ 3%
Dissolved Oxygen: + 10%
Turbidity: + 10% for values greater than 1 NTU
ORP/Eh: + 10 millivolts
Ohio Ohio EPA SOPs: pH: +0.1 unit
http://www.epa.state.oh.us/portals/30/rules/FSOPs.pdf Specific Conductance: +3%
Temperature: No criteria specified
See Purging Stabilization Criteria (SOP 2.2.4, dated January 2, 2007, review Turbidity: Below 10 NTUs ideal; +10% if greater than 10 NTUs
in progress) Dissolved Oxygen: £0.3 mg/L
Oxidation/Reduction Potential: £10 millivolts
This table was last updated in July 2014.

Groundwater Sampling
Procedure No: ECR 009
TRC Controlled Document

Page 33 of 46
Effective: 08/2020
For Information Only

Revision: 4


http://www.in.gov/idem/files/remediation_tech_guidance_micro-purge.pdf
http://www.michigan.gov/documents/deq/deq-rrd-OpMemo_2_Attachment5_249853_7.pdf
http://www.michigan.gov/documents/deq/deq-rrd-OpMemo_2_Attachment5_249853_7.pdf
http://www.state.nj.us/dep/srp/guidance/fspm/
http://www.epa.state.oh.us/portals/30/rules/FSOPs.pdf

4\ TRC STANDARD OPERATING PROCEDURE
I PROPRIETARY PROPERTY OF TRC — UNAUTHORIZED USE PROHIBITED

Attachment B:

Example Groundwater Field Data Records

Groundwater Sampling Page 34 of 46
Procedure No: ECR 009 Revision: 4 Effective: 08/2020
TRC Controlled Document For Information Only



4\ TRC STANDARD OPERATING PROCEDURE
I PROPRIETARY PROPERTY OF TRC — UNAUTHORIZED USE PROHIBITED

\ Project: Project No.: Date/Time:
g, I R( Sheet __ of

Groundwater TRC Personnel: Well ID:
Field Data Record
WELL INTEGRITY Protective well top of riser H measured
YES No || Casing Stick-up ft. | Depth ft. top of casing historical
Protect. Casing Secure (from ground)
Concrete Collar Intact _R - S‘t—' k_ T T T T water ~
PVC Stick-up Intact (f'rg‘;f gr::u :AF; « | Depth it LNAPL.'D.NAPL DepIh =____
Well Cap Present . - — — — — _|wellvolume_____ NAPL Thickness =
i 3 Depth of pump intake:
Secul_-lty Loc'_( Present WELL DIAMETER | 2 inch St lavslafier puUMp put into welk
Sampling Equipment: Other- 4 inch

6 inchnitial purge Rate/ Water Level (100400 ml/min):

Flow-thru Cell Volume:

PID SCREENING MEAS. WELL MATERIAL
Background

Well Mouth I:l El

PVC ss Flow rate at time of sampling:
Other:

Adjusted purge Ratesftime/WL({record changes)

Total volume of water purged:

FIELD WATER QUALITY MEASUREMENTS (record at appropriate intervals
Time

Temp. (¢C)

Conduct. (umhos/cm)
DO (mglL)

pH (su)

ORP (millivelts)
Turbidity (NTU)

Flow (ml/min})

Depth To Water (ft)

Cumulative Purge Vol. (gal or L)

Stabilization Criteria®

Time (3 consecutive readings)
Temp. (°C) - Temperature: + 3 %

Conduct. (umhos/cm) - Conduct. (pmhosicm): + 3%
DO (mg/L): £ 10 % (for values
DO (mgiL) >0.5 mglL)
H (Std. Units - pH (Std. Units): + 0.1 SU
BH (X0 ~ _l ORP (millivolts): + 10 mV
EnORFmilllvolts) - Turbidity (NTU): +/- 10 %
(for values >5.0 NTUs)

Turbidity (NTU)

- - Drawdown: < 0.3 ft (can be
Flow (ml/min) greater as long as water level
Depth To Water {ft) stabilizes above well screen)

Cumulative Purge Vol. {gal or L)
Purge Sample Comments:

Peristaltic Pump
Submersible Pump
Bladder Pump

Bailer
Other:
Analytical Parameter| Filtered (Y/N)| Preservation # Bottl SizelType Time Qc Sample #
Lk Sl ®® | Bottles | Collected i
« Consult the applicable regulatory guidance for the specific Signed: Rev: April 2014
criteria.
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PAGE__ OF_
2 TRC
y 4 WATER SAMPLE LOG
PROJECT NAME: PREPARED CHECKED
PROJECT NUMBER: BY: DATE: BY: DATE:
SAMPLE ID: WELL DIAMETER: [] 2* [ 4" [] 6" [] OTHER
WELL MATERIAL:  []Pvc [Jss [ IRON [] GALVANIZED STEEL L otHer
SAMPLE TYPE: ew [Jww [Jsw [Joi [] LEACHATE [] oTHER
PURGING |TIME: | DATE: SAMPLE | TIME: DATE:

PURGE L pume PH: SU | CONDUCTIVITY: umhos/em

METHOD: [ saiLErR ORP: mv DO mglL
DEPTH TO WATER: T PVC FLOW-THRU CELL | TURBIDITY: NTU
DEPTH TO BOTTOM T/ BVC VOLUME (Inone [ susHT [ MODERATE ] very
PUMP INTAKE DEPTH: T/ PVC LITERS |TEMPERATURE: ‘G |OTHER:
WELL VOLUME: [JUTERS  [] GALLONS COLOR: ODOR:
VOLUME REMOVED: Lluters [] caLLons FILTRATE (0.45 um) [_] YES [ no
COLOR: ODOR: FILTRATE COLOR: FILTRATE ODOR:

TURBIDITY QC SAMPLE: [_] ms/msD ] oup-

[Onone ] sucHT [ MODERATE [ very COMMENTS:
DISPOSAL METHOD[ | GROUND [] DRUM [] OTHER

TIME P::T‘?EE PH |conpucTmiTy ORP DO. | TURBIDITY | TEMPERATURE VEEVTEE PS;';’EU%E::‘E

MUMIN) | (sU) {umhos/cm) (mv) { mg/L) (NTU) °C) (FEET) (GAL OR L)
INITIAL

NOTE: STABILIZATION TEST IS COMPLETE WHEN 3 SUCCESSIVE READINGS ARE WITHIN THE FOLLOWING LIMITS:

pH: +/- 10% COND.: +/- 10 % CRP: +/- 10 % DO: +/- 10% TURBE: +/- 10 % or <=5 TEMP.: +/- 0.5°C
BOTTLES FILLED |PRESERVATIVE CODES A - NOME B - HNO3 C- H2804 D - NaOH E-HCL F-
MNUMBER SIZE TYPE PRESERVATIVE ] FILTERED [ NUMBER‘[ SIZE | TYPE | PRESERVATIVE ] FILTERED
Oy [dn Oy O
Uy @ Oy [din
Oy Ofn Oy O
Ly Oin Oy Oin
SHIPPING METHOD: DATE SHIPPED: AIRBILL NUMBER:
COC NUMBER: SIGNATURE: DATE SIGNED:

REVISEUUSTZUTT
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A TSC Groundwater Sampling Record for Organics | Project Name/No: Well ID:
g (For Wells with Passive Diffusion Bags)
Installation of PDBs: Sampling of PDBs:
TRC Personnel: TRC Personnel:
Date: Date:
Time: DTW (ft):
DTW (ft):
__im
__ft.
T PDB #1 Sample ID:
Length: _in. Sample Time:
Evidence of algae, iron or
other coatings?:
v
__ft
LY
PDB #2 . ample ID:
Length: ___in. .
Sample Time:
Evidence of algae, iron or
[ other coatings?:
v
__ft
T O
Measured well depth during
tether installation: ___ft.
Field Notes:
Rev: April 2014
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Attachment C: SOP Fact Sheet
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5 TRC

GROUNDWATER SAMPLING

PURPOSE AND OBJECTIVE

The objective of groundwater sampling is to obtain a representative sample of water from a saturated zone or groundwater-bearing

unit (le., aquifer) with mimimal disturbance of groundwater chemistry.

This requires that the sample being collected is

representative of groundwater within the formation surrounding the well bore as opposed to stagnant water within the well casing

or within the filter pack immediately surrounding the well casing.

There are three general approaches to groundwater purging/sampling that can be used to obtain a representative groundwater
sample for analysis: 1) the low-flow or micropurge method where the mixing of the stagnant water is minimized using low-flow
pumping rates during the collection of the groundwater sample; 2) the multiple well veolume removal approach in which the
stagnant water is removed from the well and the filter pack prior to sample collection; and 3) the passive sampler procedure where
water quality equilibration with the surroundings is achieved through deployment of the passive sampler for a sufficient amount of
time prior to sampling. All three approaches are summarized in this document.

WHAT TO BRING

e Site-specific HASP and field book .
*  Project-specific work plan
e [igure or site map showing well locations and table

Sample bottleware, labeled cooler, ice, temperature
blank and blank COC forms; may also need field blank

bottles and reagent-grade water

showing well construction details s Zip-loc® plastic bags
e Field data sheets from previous sampling event s Groundwater [ield data records
e Well wrenches, ratchet set, and turkey baster to remove e (raduated cylinder and stop-watch
standing water from flushmount manholes »  Rope for tying off pump at desired intake
*  Bolt cutters, padlocks and keys » Indelible marking pens
o Water level meter of sufficient length e [Bubble wrap
*  Decontaminated pump, control box, power source (1e., o  S-gallon bucket(s)
battery, generator, etc.)
e Tubing (Teflon®, Teflon®-lined polyethylene, or HDPE,  As Needed:

type dependent upon project objectives) .
e Multi-parameter  instrument and  flow-through cell e
(typically should include: pH, temperature, conductivity, e
ORP, and DO)
e Turbidity meter .
¢ [Equipment decontamination supplies (refer to ECR SOP
010, Equipment Decontamination) .
*  Appropriate PPE
o Field book .

Calibrated PID or FID for well mouth readings
Oil/water interface probe of sufficient length

Drums for purge water, grease pen and adhesive drum
labels; appropriate crescent or socket wrench

Filtration equipment, 1f required (0.45 micron filters, or
as otherwise required for the project)

Other non-routine PPE such as Tyvek coveralls or
respirators

Traffic cones

Field calibration sheets and calibration solutions

OFFICE

e Prepare/update the site-specific HASP; make sure the e
field team 1s familiar with the most recent version.

o Review the project-specific work plan with the Project o
Manager and/or the field team leader. Discuss the
following: .
o Communication procedures;

o Sampling order and designation;

o Collection and sample method;

o Analytical parameters, holding times and turn-
around times;

o Laboratory (contact/shipping info, COC, billing «
references),

o Purge water management (Drums? Discharge to o
ground?);

o QU sample collection; and

o Decontamination procedures.

Verify that monitoring wells will be accessible and/or
coordinate to have a site contact available to assist.

Make sure that monitoring well sample designations and
QC sample designations/frequency are understood.
Confirm that all necessary equipment is available in-house
or has been ordered. Rental equipment is typically
delivered the day before fieldwork is scheduled. Prior to
departure or mobilization to site, test equipment and make
sure it 1s in proper working order. Have rental equipment
supplier contact information available for use in field.
Review sample bottle order for accuracy and completeness
and damaged bottles.

Discuss specific documentation and containerization
requirements for investigation-denived waste disposal with
the Project Manager

ON-SITE
1 7 TRC
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GROUNDWATER SAMPLING

*  Review the HASP with all field personnel, sign acknowledgement form and conduct Health & Safety tailgate meeting. Check
in security, site contact, or designated person per project-specific work plan or Project Manager.

*  Make sure appropriate PPE is worn by all personnel and work area is safe (i.e., utilize traffic cones, minimize interference
with on-site activities and pedestrian traffic, etc.)

»  Calibrate equipment (if applicable) and record all rental equipment serial numbers in the field book.

*  Open wells to allow equilibration and collect full round of water level gauging before sampling is started (unless otherwise
noted in project-specific work plan). Record the following:
o Well mouth PILVFID reading (if necessary);
o Depth to product and water,
o Total well depth (not required if free product is measured unless otherwise noted in project-specific work plan); and
o Condition of wells (i.¢., lid broken, pad cracked, rusted lock) and collect photographs if site allows camera use.

SAMPLING PROCEDURES: PRE-PURGE

e Decontaminate pump. at the surface to prevent the air temperature from

e Take water level measurements prior to pump influencing the measurements and exposure to
installation. contaminants on the ground;

e Connect sampling tubing to pump outlet and lower to *  Be careful not to let the pump hit the bottom of the well.
sample depth; ALWAYS USE ROPE TO SECURE e If using Teflon®-lined tubing, be sure that the lining
PUMP TO SURFACE. does not bunch up around the comnection. This will

e The pump intake depth(s) for each well should be restrict water flow and make the pump work harder than
specified in the project-specific work plan (either it has to.
specific depth or mid-point of saturated well screen). o Calibrate (or perform a calibration check on) all field

e For wells with screened or open borehole intervals monitoring equipment on the same day before collecting
greater than 10 feet in length, sampling of multiple groundwater samples. Refer to TRC SOPs and
intervals may be required. manufacturer’s equipment calibration instructions. A

s If samples are to be collected from multiple depths from calibration check may also be required during or at the
an individual well, always collect a sample from the end of each sampling day. Consult the project-specitic
shallowest depth first and leave enough extra tubing work plan.

coiled at the surface so the pump can be lowered to the
next interval; always try to cover excess tubing present

SAMPLING PROCEDURES: MULTIPLE-VOLUME PURGING

e The multiple-volume purging approach is typically o For volumetric purging, it 1s suggested that field
performed using bailers or submersible or peristaltic readings are collected every 4 well/well screen volume
pumps. In the multiple-volume purging approach, there after an initial 1 to % well volumes are purged. The
are two measurements used to determine adequate purge volume removed between readings can be adjusted as
volume removal prior to sample collection: 1) purge well-specific information 1s developed.
volume and 2) field parameter stabilization. e [f removing a specified volume of water (e.g., 3 well

e The field parameters should be recorded at regular volumes) has been determined to be suitable for
volumetric intervals. There are no set critena for purging, sampling can commence immediately upon
establishing how many total sets of measurements are achieving the required purge volume.
adequate to document stability of parameters. e In other cases, where specified in the project-specific

s Prior to purging a well, the amount of water inside the work plan, stabilization of field parameters must be
well riser and well screen (1.e.. water column) should be documented prior to sample collection.
determined, if possible, Once this information is o II after 3 well volumes have been remaoved, the field
known, the well volume can be calculated using the parameters have not stabilized, additional well volumes
following equation: {up to a total of 5 well volumes), should be removed.

Well Volume (V} = w2 h e If the parameters have not stabilized within five well

e Tor volumetric purging, an adequate purge is typically volumes, it is at the discretion of the Project Manager
achieved when 3 to 5 well volumes have been removed. whether or not to collect a sample or to continue

purging,

SAMPLING PROCEDURES: LOW-FLOW PURGING
e The low-flow purging approach is typically performed using peristaltic pumps or submersible pumps. Low-flow purging (also
referred to as low-stress purging. low-volume purging, or Micropurging®) is a method of well purging/sampling that
minimizes the volume of water withdrawn from a well in obtaining a representative sample.
e When performing low-flow purging and sampling, it is recommended that the pump intake be set in the center of the well
screen interval to help prevent disturbance of any sediment at the bottom of the well.

2 2 TRC
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GROUNDWATER SAMPLING

e To begin purging, the pump should be started at the lowest pressure/power flow rate setting (e.g., 100 mL/min) and then
slowly increased until water begins discharging. Monitor the water level and slowly adjust the pump speed until there 15 little
or no drawdown or drawdown has stabilized. The pump pressure/power may need to be increased for discharge to occur.

The stabihization of drawdown should be documented. Measure and record the flow rate and water level every 3 to 5 minutes
during purging. The flow rate should be reduced if drawdown is greater than 0.3 feet over three consecutive 3 to 5 minute

interval readings.
Attempts should be made to avoid pumping a well dry.

Field Parameter Stabilization During Purging

o Generally, an adequate purge with respect to the groundwater chemistry is achieved when stability for at least three
consecutive measurements is achieved. See stability requirements in Appendix A of this SOP.

POST-PURGE GROUNDWATER SAMPLE COLLECTION

New, disposable gloves should be donned immediately
prior to sample collection and should be changed at any
point that their cleanliness becomes compromised during
sample collection.

Il using a submersible or peristaltic pump, maintain the
same flow rate as used during purging. Disconnect the
pump tubing from the flow-through cell. Samples must be
collected directly from the discharge port of the pump
tubing prior to passing through the flow-through cell. This
1s critically important to avoid cross-contamination
between wells.

If using bottom-filling bailers, slowly lower the bailer into
the well until it 15 submerged to the point where water does
not enter the top (i.e., bottom-filling). Retrieve the bailer.
The first bailer recovered after well purging must be used
for sample collection.

Collect groundwater samples in the following order:

o VOCs,

o SVOCs:

o Other organic parameters;

o Unfiltered inorganic constituents; and

o Filtered inorganic constituents.

Mote that sample vials for VOCs must be filled so a
meniscus forms over the mouth of the vial. This ensures no
air bubbles or headspace will be formed after it has been
capped. Ensure the lack of air bubbles and headspace by
turning the vial upside down and tapping it lightly. If any
bubbles are observed, see Section 2.3.2 of this SOP.

Preserve the non-VOC samples in pre-preserved vials
supplied by the laboratory or if the sample containers are

not pre-preserved, preserve the non-VOC samples in

accordance with method and project-specific requirements.
Depending upon project requirements, [iltering may be
performed. See procedures listed in Section 2.3.4 of this

SOP. Clearly note “filtered” on the sample label and the

COE

Make sure all sample bottles are appropriately labeled.
Package the samples with bubble wrap and/or organic
absorbent, as necessary. Place into shipping contamer and
cool to 4°C and complete the COC.

Decontaminate  non-disposahle  sampling  equipment
between uses.

PASSIVE SAMPLING

There are three generic forms of passive (no purge)
samplers: thief (grab) samplers. diffusion (equilibrium)
samplers, and integrating (kinetic) samplers. However,
this SOP focuses on the more commonly used diffusion
(equilibrium) samplers. Be aware of sample holding
times, and arrange for samples to be in the laboratory’s
possession accordingly.

Passive samplers are deployed at a predetermined depth
across the well screen. Typically, the initial sampling
event may deploy multiple passive samplers across 5-
foot intervals of saturated well screen to observe any
potential stratification.  Long-term sampling depths
typically target a zone of higher concentration, if
present.

MNew passive samplers are attached via PVC cable ties to
4 tether (pre-made marine-grade polyethylene rope or
stainless steel cable with a weight at the bottom) that is
then suspended within the well.

The passive sampler should be allowed to equilibrate
with groundwater for an appropriate period of time
(e.g., at least 2 weeks for PDB samplers).

Raise the passive sampler to the surface using a tether
reel. Examine the surface of the passive sampler for
evidence of algae. iron, or other coatings, and for tears
to the membrane. Note observations in the field book.
If tears are present and water is leaking out, the sample
is not considered viable. Contact the Project Manager.
Detach the passive sampler from the tether.

Remove excess beaded water from the passive sampler
with a clean gloved hand, running top to bottom; this is
to minimize the contact of beaded water with water in
the passive sampler.
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GROUNDWATER SAMPLING

Use a small diameter discharge tube (<0.15 inch
dhameter to reduce volatillization) and pierce near the
bottom, allowing water to smoothly flow into the VOA
vial. The VOA vials must be filled within the first
several minutes of passive sampler retrieval.

A small amount of water may remain within the passive
sampler after filling the VOA vials and can be used for
field parameter measurements 1f required.

Dispose of the passive sampler after use.

Note that sample vials for VOCs must be filled so a
meniscus forms over the mouth of the vial. This

ensures no air bubbles or headspace will be formed after
it has been capped. Ensure the lack of air bubbles and
headspace by turning the vial upside down and tapping
it lightly. If any bubbles are observed, see Section 2.3.2

of this SOP.
»  Make sure all sample bottles are appropniately labeled.
e Package the samples with bubble wrap and/or organic
absorbent, as necessary. Place into shipping container
and cool to 4°C and complete the COC.,

DOs AND DO NOTS OF GROUNDWATER PURGING AND SAMPLING

DOs:

DO have the following items when going into the field:
site-specific work plan; site-Specific HASP; appropriate
PPE (steel-toed boots, safety glasses. etc.) as required by
the Site-Specific HASP, field book and a water-proof
ball-point pen; business cards; nitrile gloves; well keys:
copies of well installation forms and field data forms
from previous sampling event.

DO make sure that the equipment 1s set up properly and
the bottleware is nearby and ready to be filled. There 1s
little time between taking parameters.

DO look at the water quality parameters from the
previous round of sampling. If there is a large deviation
from the previous round’s measurements, make sure the
meters are properly calibrated and the parameter units are
the same. Otherwise, consult the Project Manager or
field team leader.

DO fill sample bottles slowly to make sure that they are
not overfilled and that preservative does not become
diluted. If collecting filtered samples, fill all non-fltered
first, then fill filtered samples - if water is very silty,
more than one filter might be required to fill sample
bottles.

DO record the time that purging begins and ends. “Purge
Stop™ and sample start time are the same.

DO NOTs:

DO NOT sign anything in the field. This includes
disposal documentation, statements, etc.; call the Project
Manager if this 1s an 1ssue.

DO NOT allow the pump or sampling equipment to hit
the bottom of the well - If the pump hits the bottom of
the well, it can stir up mud. Remember, the goal of low-
flow sampling is to collect non-turbid samples.

DO NOT use non-indelible ink to label samples or record
field notes — if the field book gets wet, notes become
illegible.

DO call yvour Project Manager or field team leader if
unexpected conditions are encountered or at least daily to
update them. It is also recommended to call when
sampling 15 winding down for the day to make sure that
the project-specific work plan has  been fully
implemented and there are no additional tasks to
complete. Provide shipping tracking numbers to the
Project Manager and laboratory contact.

DO have the numbers for laboratory, vehicle rental and
equipment rental providers readily available while in the
field.

DO record sample locations and parameters in the field
book and the Groundwater Field Data Records as you
purge.

DO check on the purging setup frequently to make sure
proper equipment function 1s maimntained.

DO bring ice to the site in the moming so that samples
are kept cool throughout the entire event.  Storing
samples in a warm cooler can invalidate sample results
and may result in re-sampling on your own time.

DO MOT leave air bubbles in VOA vials.

DO NOT pour any extracted water back down into the
well.

DO NOT lean over wells with pens, keys, cell phones,
tools, etc. in your pocket.

DO NOT use clear tape to cover labels on certain
analyses (e.g., 40-mL vials for VOC analysis) due to
potential interference with analytical equipment.

$TRC
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Due to the pervasive nature of PFAS in various substances routinely used during sampling and the need to
mitigate potential cross-contamination or sampling bias to ensure representative data are collected, special
care should be taken when sampling for PFAS. The following table highlights the required modifications
to this SOP when sampling for PFAS.

PFAS Sampling Protocols

SOP Section Number

Modifications to SOP

1.3

e Do not use equipment utilizing Teflon® or low density polyethylene
(LDPE)! during sample handling or mobilization/demobilization.
This includes bailers, tubing, bladders, bailer cord/wire,
waterproof/resistant paper products, certain personal protective
equipment (PPE) (see below), and Teflon® tape.

High density polyethylene (HDPE) or silicone tubing should be
used in lieu of Teflon® or Teflon®-lined tubing.

o Passive diffusion bags (PDBs) should not be used due to the
presence of LDPE material in PDBs.

o Blue Ice® (chemical ice packs) must not be used to cool samples
or be used in sample coolers. Regular ice in Ziploc® bags can be
used.

e Do not use LDPE or glass sample containers or containers with
Teflon-lined lids. HDPE or polypropylene containers are
acceptable for sample storage. HDPE or polypropylene caps are
acceptable.

e Do not use aluminum foil.

o Field notes should be recorded on loose paper field forms
maintained in aluminum or Masonite clipboards. Waterproof field
books, plastic clipboards and spiral bound notebooks should not
be used.

e Do not use Post-It Notes during sample handling or
mobilization/demobilization.

o Referto TRC’s SOP ECR-010 Equipment Decontamination for
PFAS-specific decontamination protocols. Ensure that PFAS-free
water is used during the decontamination procedure.

1.5

Always consult the Site Specific Health and Safety Plan prior to conducting
field work. The following considerations should be made with regards to field
preparation during PFAS sampling:

o  Tyvek® suits should not be worn during PFAS sampling events.
Cotton coveralls may be worn.

e Boots and other field clothing containing Gore-Tex™ or other
waterproof/resistant material should not be worn. This includes rain
gear. Boots made with polyurethane and polyvinyl chloride (PVC)
are acceptable.

Stain resistant clothing should not be worn.

e Food and drink should not be allowed within the exclusion area. Pre-
wrapped food or snacks should not be in the possession of sampling
personnel during sampling. Bottled water and hydration drinks (e.qg.,
Gatorade®) may be consumed in the staging area only.
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PFAS Sampling Protocols

SOP Section Number

Modifications to SOP

e Personnel involved with sample collection and handling should wear
nitrile gloves at all times while collecting and handling samples or
sampling equipment. Avoid handling unnecessary items with nitrile
gloves. A new pair of gloves must be donned prior to collecting each
sample.

e Wash hands with Alconox or Liquinox and deionized water after
leaving vehicle before setting up to sample a well.

16.1 e Avoid wearing clothing laundered with fabric softeners.

e Avoid wearing new clothing (recommended 6 washings since
purchase). Clothing made of cotton is preferred.

e Avoid using cosmetics, moisturizers, hand creams, or other related
products as part of cleaning/showering on the day of sampling.

e Avoid using sunscreens or insect repellants that are not natural or
chemical free.

1.6.2 o Consider collecting samples for total suspended solids which will
become important for fate and transport and treatment considerations.
Floc accumulates high concentrations of PFAS and specifically some
of the longer-chain PFAS; when this floc settles out, concentrations
can decrease by an order of magnitude.

o Low-flow sampling is preferred for PFAS sampling. Bailers should
be avoided due to the potential for PFAS to accumulate at the
air/water interface. If bailers need to be used, purging of at least one
well volume should be performed to remove static surface conditions.

o If sampling for parameters other than PFAS, perform PFAS sampling
first. Schedule PFAS sampling at the beginning of the work day to
avoid other sources of contamination.

2.0 e Monitoring wells should always be sampled from the lowest
contamination to the highest contamination, when possible. In source
areas, if deep wells are anticipated to be less contaminated, the deep
wells should be sampled prior to sampling the shallow wells to avoid
cross-contamination from sampling equipment.

2.25 Tubing used to purge and sample groundwater for PFAS must not be LDPE or
Teflon®. HDPE and silicone are acceptable.
2.3and 2.3.3 LDPE and/or glass containers should not be used for sampling. Teflon®-lined
caps should also not be used during sample collection. Instead, HDPE or
polypropylene containers are acceptable for sample storage. HDPE or
polypropylene caps are acceptable.

2.4 Due to LDPE material in PDBs, PDBs cannot be used for PEAS sampling.

2.5 (e) Avoid using waterproof labels for sample bottles. The use of paper labels
covered with clear tape or placed in Ziploc® bags to avoid moisture on the
sample label is acceptable.

2.5 (f) Samples for PFAS analysis must be shipped at <10°C. Standard coolers are

acceptable. Keep high-concentration PFAS samples in separate coolers
from low-concentration PFAS samples.

Notes:
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1 _ PFAS have been used as an additive in the manufacturing of LDPE to smooth rough surfaces and, in
the case of LDPE tubing, to allow for less turbulent flow along the surface of the tubing.
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1.0

1.2

1.3

1.4

INTRODUCTION

Scope and Applicability

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the logistics,
collection techniques, and documentation requirements for collecting representative soil samples
for chemical analysis. These are standard (i.e., typically applicable) operating procedures that
may be changed, as required, depending on site conditions, equipment limitations, or limitations
imposed by the procedure. In addition, other state or federal requirements may be above and
beyond the scope of this SOP and will be followed, if applicable. In all instances, the actual
procedures used should be documented and described in the field notes (see ECR SOP-001).
Portions of this SOP may be applicable to soil sample collection for geotechnical analysis.
However, specific instructions for collection of geotechnical samples are not provided; these
samples should be collected in accordance with ASTM methods or other applicable standards.

Summary of Method

The objective of soil sampling is to obtain a representative sample of soil for laboratory analysis
of constituents of interest at a given site. This objective requires that the sample be of sufficient
quantity and quality for analysis by the selected analytical method. For specialized sampling
programs involving per- and polyfluorinated alkyl substances (PFAS), refer to Attachment D for
further details. Soil samples may be collected using a variety of methods and equipment
depending on the depth of the desired sample, the type of sample required (disturbed vs.
undisturbed), and the soil type. Near-surface soils may be sampled using a spade, trowel, and/or
scoop. Sampling at greater depths typically is performed using a hand auger, continuous flight
auger, a split-spoon, direct-push methods (i.e., Geoprobe®), sonic drilling, a backhoe, or an
excavator. The following reference may be used as a guide to aid in selecting an appropriate
method or sampling device for the collection of subsurface soil samples with a drill rig: ASTM
D6169-98 Standard Guide for Selection of Soil and Rock Sampling Devices Used with Drill Rigs
for Environmental Investigation.

Equipment

The following equipment may be utilized when collecting soil samples. Project-specific
conditions or laboratory requirements may warrant the addition or deletion of items from this list.

» Appropriate level of personal protective equipment (PPE), as specified in the site-specific
Health and Safety Plan (HASP).

o Sample containers: The proper containers should be determined in conjunction with the
analytical laboratory in the planning stages of the project, and will depend on the analytical
program, laboratory SOPs, and regulatory requirements.

For non-volatile organic compound (VOC) parameters, glass containers with Teflon®-lined
caps are typically utilized. Typical containers used for VOC parameters are provided in
Attachment A. Brass liners, steel liners, or soil core acetate liners with Teflon® tape and
plastic end caps may also be used.

o Stainless steel mixing bowl or new aluminum pie pan.
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Stainless steel spoon or spatula or sterile individually wrapped single use scoop.
Plastic bowl or plastic resealable bag for inorganics.

Hand auger, mud auger, sand auger, bucket auger, and/or T-handle.

Post hole auger.

Extension rods.

Stainless steel trowel.

Shovel.

Applicable field screening equipment with calibration solution/gas [i.e., pH meter,
photoionization detector (PID), flame ionization detector (FID), etc.].

Tape measure or folding ruler.

Wooden stakes and spray paint, plastic flagging (highly visible), or steel pin flags.
Field book/field notes and/or boring log.

Sample container labels.

Chain-of-custody (COC) forms (TRC or laboratory, as appropriate).

e Custody seals for sample coolers.

e Tape to secure sample coolers and sample container labels (if necessary).
Camera.

Maps/site plan.

Survey equipment, global positioning system (GPS), or other means of measuring sample
locations.

Indelible marking pens or markers.

Organic absorbent material (e.g., Slickwick, ground corn cob, sawdust).
Sample coolers.

Bubble wrap.

Ice (for sample storage/preservation).

Zip-loc® plastic bags (for ice and COCs).

Equipment decontamination supplies (see ECR SOP-010).

1.5  Definitions

Composite Composed of two or more grab samples collected over a period of time or space
sample during a single sampling event and mixed together.

En-Core® A disposable volumetric sampling device with an airtight sealing cap.

sampler

Grab sample  Individual discrete sample collected at a particular time.

Soil Sampling
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High-level VOC soil analysis that yields high reporting limits (approximately 50-200 pg/kg,

VOC analysis depending on the laboratory). Samples are typically preserved in methanol and
cooled to 4°C. High-level VOC analyses are used for samples that are expected
to contain elevated concentrations of VOCs (>200 pg/kg).

Low-level VOC soil analysis that yields low reporting limits (approximately 5 pg/kg,

VOC analysis depending on the laboratory). Samples are typically preserved in water, cooled
to 4°C, and can be frozen within 48 hours of collection. Low-level VOC
analyses are used for samples that are expected to contain lower concentrations
of VOCs (<200 pg/kg).

Terra Core™ A disposable volumetric sampling device used to transfer soil samples to the
sampler appropriate sample containers.

1.6  Health & Safety Considerations

TRC personnel will be on site when implementing this SOP. Therefore, TRC personnel shall
follow the site-specific HASP. TRC personnel will use the appropriate level of PPE, as defined
in the HASP.

Soil samples containing chemical contaminants may be handled during implementation of this
SOP. Additionally, sample preservatives including caustics and/or acids may be considered
hazardous materials and TRC employees will appropriately handle and store them at all times.
The HASP will address chemicals that pose specific toxicity or safety concerns and TRC
employees will follow relevant requirements, as appropriate. Hazardous substances may be
incompatible or may cause dangerous chemical reactions, including the production of heat,
violent reactivity, or production of toxic vapors or other byproducts. Hazardous substances may
be incompatible with clothing or equipment; some substances can permeate or degrade protective
clothing or equipment. Also, hazardous substances may pose a direct health hazard to workers
through inhalation or skin contact or if exposed to heat/flame resulting in combustion. Safety
data sheets (SDS) for chemicals handled by TRC should be maintained in the field.

1.7 Cautions and Potential Problems

e Cross contamination: Cross contamination problems can be eliminated or minimized through
the use of dedicated sampling equipment. If this is not possible or practical, then
decontamination of sampling equipment is necessary.

e Improper sample collection: Improper sample collection can involve using contaminated
equipment, disturbance of the matrix resulting in compaction of the sample, or inadequate
homogenization of the samples where required, resulting in variable, non-representative
results.

e Special considerations for the different soil sampling techniques are provided below in the
applicable sections. Cautions and potential problems associated with soil sampling for VOCs
are provided in Attachment A.
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e Special care should be taken when sampling for PFAS. Please refer to Attachment D for
details.

1.8  Personnel Qualifications
Since this SOP will be implemented at sites or in work areas that entail potential exposure to
toxic chemicals or hazardous environments, TRC personnel must be adequately trained. Project
and client-specific training requirements for samplers and other personnel on site should be
developed in project planning documents, such as the sampling plan or project work plan. These
requirements may include:
- OSHA 40-hour Health and Safety Training for Hazardous Waste Operations and
Emergency Response (HAZWOPER) workers
- 8-hour annual HAZWOPER refresher training
2.0 PROCEDURES
Always review the site-specific work plan and/or scope of work for any site-specific sampling
procedures.
2.2 Pre-Sampling Activities
Pre-sampling activities that the sampling team should consider include the following:
e reviewing the work plan approved by the client and/or regulatory agency;
e developing a strategy to implement the work plan
e selecting a laboratory; and
e determining laboratory-specific procedures related to bottle orders, holding times, work
orders, methods of analysis, COC procedures, data deliverables, schedule, and cost.
Additional activities include determining shipping logistics, utility clearance, and handling of
investigation-derived waste (IDW) disposal. Pre-labeling bottles can help to reduce sampling and
labeling errors.
The following steps should also be employed:
1. Determine the extent of the sampling effort, the sampling methods to be employed, and the
types and amounts of equipment and supplies required.
2. Obtain necessary sampling and monitoring equipment.
3. Decontaminate or clean equipment and ensure that it is in working order.
4. Prepare schedules and coordinate with staff, client, and regulatory agencies, if appropriate.
5. Perform a general site survey prior to site entry in accordance with the site-specific HASP.
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2.3

Use stakes, flagging, or paint, to identify and mark all sampling locations. Specific site
factors, including extent and nature of contaminants, should be considered when selecting
sample locations. If required, the proposed locations may be adjusted based on site access,
property boundaries, and surface obstructions.

NOTE: If spray paint is used to mark stakes, the spray paint should be carefully isolated from
the space used to hold sample bottles, sampling equipment, etc.

Prior to any subsurface soil sampling, especially that completed with a drill rig or backhoe, it
is important to ensure that all sampling locations are clear of overhead and buried utilities by
conducting a utility survey/markout. Locations on private properties should also be reviewed
with the owner prior to sampling. Client or project-specific utility clearances may also be
required, such as air-knifing or ground-penetrating radar (GPR) and should be specified in the
site-specific work plan.

General Soil Sampling Procedures

These are general soil sampling procedures. However, regulatory requirements may dictate a
different procedure.

1.

Refer to other TRC SOPs for the proper procedures for classifying soil samples (ECR SOP
005) and for screening of samples for VOCs (ECR SOP 014). Special care is required when
sampling for PFAS - Please refer to Attachment D for details.

For sampling in the State of California only: When the sampling interval is predetermined
and soil samples are collected by direct-push methods into an acetate liner, the section of the
liner corresponding to the predetermined depth interval may be cut off and submitted to the
laboratory for analysis with the exception of samples for VOC, volatile petroleum
hydrocarbon (VPH), or gasoline-range organics (GRO) analysis. If VOC, VPH, or GRO
analysis is required, then these samples can be collected from either open end of the acetate
liner section according to the procedures outlined in Attachment A prior to packaging and
submitting it to the laboratory. The laboratory should be consulted for the required length of
liner tube (i.e., sample volume) depending on the analytical suite and to ensure that the use of
acetate liners is appropriate for the analytical method(s). After collecting material for the
VOC, VPH, or GRO analysis samples (if required), seal each end of the acetate liner section
with Teflon tape and plastic end caps. Label the acetate liner with the sample identification
(ID) and date and time of collection. Ensure that the laboratory will perform homogenization
of the soil sample within the acetate liner and proceed to Step #9.

Prior to the collection of soil samples from a particular location or depth, the soil is typically
screened for organic vapors with a portable meter equipped with a FID and/or PID depending
upon the suspected contaminants of concern, site-specific work plan requirements, and/or
regulatory requirements. Such organic vapor screening may be used to determine appropriate
soil sample locations or depths for laboratory VOC analysis depending upon established site-
specific work plan requirements. Soil should be screened in situ or immediately upon
retrieval of the soil sample from the subsurface. It is good practice to photograph surface
soil, stockpiles, etc. prior to sample collection with measurements and orientation identified
for reference.

Soil Sampling
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4. Samples for VOC, VPH, or GRO analysis are then collected as soon as possible after the soil
has been exposed to the atmosphere and prior to sample collection for other analyses. Refer
to Attachment A.

5. After collecting the sample(s) for VOC analysis, the sample portion for the remaining
analyses should be well homogenized in a decontaminated stainless-steel bowl, disposable
new aluminum pie pan, plastic bowl (for inorganics), or re-sealable plastic bag (for
inorganics). These soil samples must be thoroughly mixed to ensure that the sample is
uniform and as representative as possible of the sample media. Samples for VOC analysis are
not homogenized. The most common method of mixing is referred to as quartering. The
quartering procedure should be performed as follows:

o The material in the sample pan should be divided into quarters and each quarter

should be mixed individually.

o Two quarters should then be mixed to form halves.

o The two halves should be mixed to form a homogenous matrix.
This procedure should be repeated several times until the sample is adequately mixed. If
round bowls are used for sample mixing, adequate mixing is achieved by stirring the material
in a circular fashion, reversing direction, and occasionally turning the material over. Soil can
be homogenized and transferred to sample containers using soil sampling devices that have
been decontaminated (e.g., stainless steel spoon) prior to use or individually wrapped or new
devices (e.g., plastic scoopula). Such devices are generally for one-time use. Stainless steel
devices may be decontaminated and individually foil wrapped, plastic bagged, or field
decontaminated and foil wrapped between uses. Decontamination of sampling equipment
shall be conducted in accordance with TRC’s SOP on equipment decontamination.

6. Stones, gravel, or vegetation should be removed from the soil sample as much as practical
prior to placement in sample containers, since these materials will not be analyzed. Visible
asphalt, concrete, ash, slag, and coal debris should also be removed from the sample as much
as possible to ensure sufficient soil quantity for laboratory analyses, unless these matrices are
part of the overall characterization program. The soil sample must be representative of what
the end user is trying to characterize. In addition, if such debris is to be tested, further sample
preparation (e.g., pulverizing) will likely be necessary in the field or laboratory. In any case,
the presence of any such materials in the soil at the sample location must be documented in
the fieldnotes.

7. Filling of the sample bottles should be completed immediately after sample collection to
minimize losses due to volatilization and biodegradation. Soil classification can be
completed following VOC sample collection.

8. Place the sample into an appropriate, labeled container(s) by using the alternate shoveling
method and secure the cap(s) tightly. The alternate shoveling method involves placing a
spoonful of soil in each container in sequence and repeating until the containers are full or the
sample volume has been exhausted. Threads on the container and lid should be cleaned to
ensure a tight seal when closed.

9. Restore the sampling location to grade in accordance with applicable state or federal
guidelines and/or the site-specific work plan. Options include backfilling the sample location
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3.0

10.

with the remaining removed soil, bentonite pellets, or cement/bentonite grout depending on
site conditions/hole depth and patching the surface to match the surrounding area (e.g.,
topsoil with grass seed, asphalt, or concrete patch), as necessary. The site-specific work plan
may prohibit the backfilling of sample locations with removed soil if there is evidence of
contamination, site-specific restoration requirements, etc. Boreholes must be abandoned or
backfilled after the completion of sampling. In general, shallow boreholes (e.g., less than 10
feet deep) that remain open and do not approach the water table may be abandoned by
pouring a cement/bentonite grout mixture from the surface or pouring bentonite pellets from
the surface and hydrating the pellets in lifts. The grout mixture should be based on site-
specific conditions (e.g., boring depth, groundwater depth, and formation permeability), site-
specific work plan procedures, and local regulatory requirements. Boreholes where bridging
of the bentonite may be an issue, such as boreholes that intercept groundwater or are greater
than approximately 10 feet in depth, should be backfilled by pressure grouting with a
cement/bentonite grout mixture, either through a re-entry tool string or through a tremie pipe
introduced to within several feet of the borehole bottom.

Record locations of soil borings/samples in the field notes by sketching a map and/or
providing a description of the location. Always measure and record distances to fixed
landmarks, such as buildings, fences, curbs, existing surveyed wells, etc. Additionally,
photographs or a GPS unit with real-time sub-meter accuracy (not applicable for interior
samples or other site conditions such as heavy tree/brush cover and thick cloud cover that
limit unit connection with satellites) could be used to document sample locations. Note
observations about elevation changes between sample locations.

SURFACE SOIL SAMPLING METHODS

The depth of surface soil samples will be determined on a site-specific basis and may be
influenced by site-specific conditions and/or applicable local, state, or federal regulatory
programs and potential exposure pathways. Surface soils are generally classified as soils between
the ground surface and 6 to 12 inches below ground surface (bgs). The most common interval is
0 to 6 inches; however, the data quality objectives of the investigation or regulatory requirements
may dictate another interval, such as 0 to 3 inches for risk assessment purposes.

The following procedure should be used for surface soil sampling:

1.

If a thick, matted root zone, leaf layer, gravel, surface debris, concrete, etc. is present at or
near the surface, it should be carefully removed using clean, decontaminated tools or clean
nitrile gloves before the soil sample is collected. The presence and thickness of any such
material should be recorded in the field notes for each location. The depth measurement for
the soil sample begins at the top of the soil horizon, immediately following any such removed
materials.

A decontaminated stainless-steel spoon, scoop, or trowel is typically used for surface soil
sampling depths from O to 12 inches bgs where conditions are generally soft and there is no
problematic vegetative layer to penetrate. A hand auger or shovel may also be used to dig
down to the desired depth, and then after careful removal of the dug soils from the hole, a
decontaminated stainless-steel spoon, scoop, or trowel is used to collect the soil sample from
the bottom of the hole for laboratory chemical analysis. Plated trowels typically available
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from garden supply centers should not be used due to potential heavy metal impacts from the
trowel plating.

3. When using stainless steel spoons or trowels, consideration must be given to the procedure
used to collect a soil sample for VOC analysis. Samples for VOC, VPH, or GRO analysis
must be collected first and never homogenized or composited. These samples are collected
using an open-barrel disposable syringe, a Terra Core™ sampler, an En-Core® sampler, or
equivalent. If the soil being sampled is cohesive and holds its in-situ texture in the spoon or
trowel, the En-Core® sampler or disposable syringe used to collect the sub-sample should be
plugged directly from the spoon or trowel. However, if the soil is not cohesive and crumbles
when removed from the ground surface for sampling, the sub-sample should be plugged
directly from the surface of the appropriate sample depth. Additionally, note that En-Core®
samplers are not recommended for non-cohesive soils (see Attachment A). Generally, the
sample portion for VOC analysis is collected from several inches below grade to minimize
volatilization from the in-situ soil.

4. Continue by following the General Soil Sampling Procedures in Section 2.3.

4.0 SUBSURFACE SOIL SAMPLING METHODS
The general soil sampling procedures described above should be followed for subsurface
sampling. There are numerous options available for subsurface soil retrieval for sampling,
including the following:
e Hand auger methods
e Direct-push drilling (standard or dual tube)
e Hollow-stem auger drilling with split spoon or continuous core sampling
o  Shelby tube/thin walled sampling
e Roto-sonic drilling
e Excavator sampling (remedial excavations/trenching and test pits)

Other drilling methods not covered are available and may be appropriate for specific project

purposes. Project specific procedures should be defined in project documentation. Be sure that

the drilling method selected is appropriate for required sample volumes. For information
regarding the applicability and details of commonly used subsurface sampling technologies

please refer to Attachment E.

4.2  Hand Auger Sampling Methods

The following procedure is used for collecting soil samples with a hand auger:

1. Attach the auger head to a rod extension and attach the T-handle to the rod.

2. Clear the area to be sampled of any surface debris (e.g., twigs, rocks, litter). It may be
advisable to remove the first several inches of surface soil and any root layer for an area
approximately 6 inches in radius around the borehole location.
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Begin augering, periodically removing and depositing accumulated soils onto a plastic sheet
spread near the borehole or other appropriate container. This prevents accidental brushing of
loose material back down the borehole when removing the auger or adding rod extensions. It
also facilitates refilling the borehole and avoids possible contamination of the surrounding
area.

When the sample depth is reached, remove the bucket used to advance the borehole and
attach a decontaminated or clean bucket. Place the clean auger bucket in the borehole,
advance the clean auger bucket to fill it with the soil sample, and then carefully remove the
clean auger bucket.

If VOC analysis is to be performed, collect a sample directly at the bottom of the boring, if
within reach, and not from the auger bucket. If not within reach, collect the sample directly
from the auger bucket or from minimally disturbed material immediately after the auger
bucket is emptied. Use an En-Core® sampler or other coring device (i.e., syringe, Terra
Core™) to collect the sub-sample as described in Attachment A. Note: some regulatory
agencies do not allow for subsurface VOC sample collection directly with a hand auger; refer
to the site-specific work plan and regulatory requirements to ensure the collection of VOC
samples with a hand auger is appropriate.

Continue by following the General Soil Sampling Procedures in Section 2.3. Note that if
another sample is to be collected in the same borehole, but at a greater depth, reattach the
auger bucket to the rod assembly, and follow steps 1 through 5 above, making sure to
decontaminate the sampling device between samples.

Special Considerations for Hand Auger Sampling

Slough - Because of the tendency for the auger bucket to scrape material from the sides of the
auger hole while being extracted, the top several inches of soil in the auger bucket should be
discarded prior to placing the bucket contents in the homogenization container for processing.
VOC Sample Collection - Observe precautions for VOC sample collection found in
Attachment A and/or the site-specific work plan.

Decontamination - If sampling equipment is to be reused at a new sampling location or at a
deeper depth in the same location, proper decontamination of sampling equipment is
required.

4.3  Direct-Push Sampling Methods
Direct-push sampling methods include but may not be limited to the following techniques:
Macro-Core® Sampler (Direct-push)
Dual-tube Soil Sampling System (Direct-push) -
Discrete Sampling
The following procedure is used for collecting soil samples from direct-push soil cores:
The driller will advance and extract the soil sample liner which will then be given to the field
sampler - confirm with the driller which end is top and which end is bottom. Record the time
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of core collection (military time), the soil boring ID and the depth interval in feet bgs in the
field notes, field log sheet, or electronic data collection form.

2. Measurement of vertical depth should start from the top of the ground surface. The presence
and thickness of surface asphalt, surficial concrete slabs, or gravel sub-base should be noted
on the boring log and in the field notes.

3. Measure the length of recovered soil in inches and record in the field notes.
4. Continue by following the General Soil Sampling Procedures in Section 2.3.

If a specific depth interval is targeted for sampling, be sure to give consideration to the
percent recovery of soil and use professional judgement when selecting the sample interval.
For example, if the targeted sample interval was from 2.0 to 2.5-ft, and the core barrel was
advanced from 0 to 4 ft bgs, and 30 inches (2.5 ft) of soil was recovered, the sample should
be collected immediately below the mid-point of the recovered soil, or 15 inches below the
top of the recovered soil (not including slough). If the sample interval is comprised of
multiple soil types, there may be one or more materials that are underrepresented in the
sample tube (e.g., when a more dense/stiff material overlies a softer material). The sampler
should use their best professional judgement to select the sample interval. The sample
designation will indicate that the depth was 2.0 to 2.5 ft bgs.

Special Considerations for Direct-push Sampling

o Liner Use and Material Selection - Direct-push soil samples are collected within a dedicated
new or decontaminated liner to facilitate removal of sample material from the sample barrel.
The liners may only be available in a limited number of materials for a given sample tool,
although overall, liners are available in brass, stainless steel, cellulose acetate butyrate
(CAB), polyethylene terephthalate glycol (PETG), polyvinyl chloride (PVC) and Teflon®.
For most investigations, the standard disposable new polymer liner material for a sampling
tool will be acceptable. When the study objectives require very low reporting levels or
unusual contaminants of concern, the use of more inert liner materials such as Teflon® or
stainless steel may be necessary. However, such costly liner materials typically are not
disposable and therefore require decontamination between each use.

o Sample Orientation - When the liners and associated sample are removed from the sample
tubes, it is important to confirm and maintain the proper orientation of the sample. This is
particularly important when multiple sample depths are collected from the same push. It is
also important to maintain proper orientation to define precisely the depth at which a sample
was collected. Maintaining proper orientation is typically accomplished using vinyl end caps.
Convention is to place red caps on the top of the liner and black caps on the bottom to
maintain proper sample orientation. Orientation can also be indicated by marking on the
exterior of the liner with a permanent marker.

o Core Catchers - Occasionally the material being sampled lacks cohesiveness and is subject to
crumbling and falling out of the sample liner. In such cases, the use of core catchers on the
leading end of the sampler may help retain the soil until it is retrieved to the surface. Core
catchers may only be available in specific materials and should be evaluated for suitability.
However, given the limited sample contact that core catchers have with the sample material,
most standard core catchers available for a tool system will be acceptable.
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VOC Sample Collection - Observe precautions for VOC sample collection found in
Attachment A and/or the site-specific work plan.

Decontamination - The cutting shoe and piston rod point are to be decontaminated between
cach sample interval. Within a borehole, the sample barrel, rods, and drive head may be
subjected to an abbreviated cleaning to remove obvious and loose material, but must be
cleaned between boreholes, such as with high-pressure water, steam, or soap solution with 5-
gallon buckets and water rinse.

Health and Safety — Liners should be cut open with the proper tools and in accordance with
TRC’s health and safety policies.

4.4  Split-spoon Sampling Methods

The following procedure is used for collecting soil samples from split-spoon soil cores:

L.

4.

S.

Record the blow count per 6-inch interval when advancing split-spoon samplers with the
hollow stem auger rig. Record the hammer weight (e.g., 140 pounds [Ib] is standard, but 300
Ib may also be used to advance the spoon). Blow counts are an indication of soil density and
are a measure of the number of blows it takes for a 140 Ib slide hammer falling over a
distance of 30 inches to penetrate 6 inches of soil. The drillers will keep the count and will
repeat them to the field sampler (e.g., 11, 13, 16 — means the number of blows the hammer
advanced the spoon every 6 inches over a total depth interval of the split-spoon sampler, in
this case over 18 inches). If refusal is encountered, the count is recorded in the field notes as
“# of hammer blows / depth in inches the spoon is driven” (e.g., 50/3 — means 50 blows of the
hammer advanced the spoon 3 inches).

The driller will advance, extract, and open the split spoon, which will then be given to the
field sampler - confirm with the driller which end is top and which end is bottom, if a soil
sample liner is used and removed from the spoon. Record the time of core collection
(military time), the soil boring ID, and the depth interval in feet bgs in the field notes.

Measurement of vertical depth should start from the top of the ground surface.; The presence
and thickness of surface asphalt, surficial concrete slabs, or gravel sub-base should be noted
on the boring log and in the field notes.

Measure the length of recovered soil in inches and record in the field notes.

Continue by following the General Soil Sampling Procedures in Section 2.3.

Special Considerations for Split-spoon Sampling

Split-spoon soil sampling for geotechnical purposes should be conducted in accordance with
ASTM Method D1586 Standard Test Method for Standard Penetration Test (SPT) and Split-
Barrel Sampling of Soil.

Slough - Generally discard the top several inches of material in the spoon before removing
any portion for sampling. This material normally consists of borehole wall material that has
sloughed off of the borehole wall after removal of the drill string prior to and during insertion
of the split spoon.

Soil Sampling
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4.5

4.6

o VOC Sample Collection - Observe precautions for VOC sample collection found in
Attachment A and/or the site-specific work plan.

e Decontamination - Within a borehole, the split spoon sample barrels must be cleaned
between each sample - the driller typically has multiple barrels and can alternate between
clean and dirty barrels so drilling progress is not affected by decontamination of the barrels.
The augers should be decontaminated between boreholes (such as with high-pressure steam).

Shelby Tube/Thin-walled Sampling Methods

Shelby tube or thin-walled soil sampling should be conducted in accordance with ASTM Method
D1587 Practice for Thin-walled Tube Sampling of Soils for Geotechnical Purposes.

After retrieval to the surface, the tube containing the sample is then removed from the sampler
head. If samples for chemical analyses are needed, the soil contained inside the tube is then
removed for sample acquisition by following the direct-push sampling procedures in Section 4.3.
If the sample is collected for geotechnical parameters, the tube is typically sealed, to maintain the
sample in its relatively undisturbed state, capped, labeled appropriately (including sample ID, top
end of sample, inches of recovery, etc.), and shipped to the appropriate geotechnical laboratory.
The tube is typically stored in an upright position to maintain the integrity of the undisturbed
sample. For geotechnical use, check with the laboratory prior to sampling to understand sample
volume recoveries needed to perform the actual tests.

Sonic Drilling Sampling Methods

The soil core is extruded from the core barrel or casing into a flexible plastic sleeve. The sleeve is
then placed on an appropriate surface or prepared sample area to contain spoils. The sleeve is
opened to screen with a PID, log lithology and collect samples. The procedures for collecting soil
samples from sonic cores are the same as the procedures presented for collecting soil samples
from direct-push sampling methods in Section 4.3.

Special Considerations for Sonic Drilling Sampling

e Utility Clearance - Due to the ability of sonic drilling to advance through material that may
normally cause refusal of standard DPT, extra care should be taken with clearances and
borehole location selection.

e Sonic-generated soils are not undisturbed. The resonation of the core barrel during
advancement energizes the skin of the sample immediately adjacent to the barrel,
approximately % to Y inch around the OD of the sample. Heating of the soils is possible.
VOC samples particularly may require permission, approval, or data quality review to be
considered representative and/or applicable to the project requirements.

e Depending on site conditions, the outer casing may require adding some water to the borehole
if heaving or flowing sand(s) and gravel are present. An adequate water supply should be
considered in these site-specific conditions.

e Sonic drilling sleeves in general will produce more IDW to be disposed of than DPT. The
sleeves themselves can be awkward and heavy to move to a sample processing area.
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4.7  Excavator Sampling Methods

The following procedures are used for collecting soil samples excavated with a backhoe or
excavator:

e Refer to the site-specific work plan for the number of floor and/or sidewall samples, which is
typically driven by the surface area and can vary depending on the governing regulatory
agency.

e For a shallow excavation where the soil samples can be collected directly from the
excavation, samples can be collected using a trowel, spoon, or coring device at the desired
intervals in the excavation. A clean shovel may be used to remove a 1 to 2- inch layer of soil
from the vertical face of the pit that contacted the backhoe bucket and where soil sampling is
planned. Scrape the vertical face at the point of sampling to remove any soil that may have
fallen from above and to expose fresh soil for sampling.

e For deeper excavations where sample locations are inaccessible, soil samples can be collected
directly from the excavator bucket. Do not enter an excavation to collect a sample.

e Soil samples should be collected from the top of the soil in the excavator bucket with special
care taken that residual soil on the excavator bucket is not scrapped off and placed in the
excavation sample. Collect enough sample volume into a clean, stainless-steel bowl so that
the sample containers can be filled at a safe distance from the excavation equipment.
Confirm with the equipment operator when the sampling is complete, and excavation can
continue.

e Continue by following the General Soil Sampling Procedures in Section 2.3.

Special Considerations for Excavator Sampling

e Effective communication with the excavation equipment operator is critical to collecting
the samples safely. Establish a set of hand signals that will be used with the equipment
operator to conduct the sampling safely. Confirm with the operator which direction the
excavator arm will swing and establish a safe zone where the field staff should stand by
to collect the sample. Field staff should always stand at least 3 feet away from the edge
of an open excavation. Samples should be collected from the excavator bucket only after
the bucket is safely on the ground and confirmation from the equipment operator is
received that the equipment is stationary.

o VOC Sample Collection - Observe precautions for VOC sample collection found in
Attachment A and/or the site-specific work plan.

e Do not physically enter backhoe excavations to collect a sample if the excavations are
unstable or not sloped and protected with shoring. A trench with non-cohesive soils (i.e.,
sand, saturated/wet muds, or flowing water at the base) is particularly susceptible to
collapsing suddenly. Never enter a trench without a confined space entry permit, as
required by OSHA regulations.

e Smearing is a potential issue when sampling with a backhoe or excavator. Any time a
vertical or near vertical surface is sampled, such as achieved when shovels or similar
devices are used for subsurface sampling, the surface should be dressed (scraped) to
remove smeared soil. This is necessary to minimize the effects of contaminant migration
interferences due to smearing of material from other levels.
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4.8

5.0

e The backhoe/excavator bucket should be decontaminated and loose paint, grease, and rust
should be removed to the extent practical prior to use for sample collection if the bucket
will come in direct contact with the material to be sampled. Care should be taken to
collect the soil sample from the center of the excavated material within the bucket (i.e.,
material that has not touched the bucket walls).

Stockpile Soil Sampling Methods

Stockpiled soils are typically sampled to characterize the soils for reuse or disposal. The
stockpile sampling strategy used must consider the source of the soil, available data, field
observations, shape/dimensions and volume of the pile, and sampling frequency requirements
established by oversight regulatory agencies or potential soil disposal facilities.

If the stockpile is known to be a representative mixture of soil with no known or suspected
significant variability of contamination with depth in the pile, the stockpile sampling may be
conducted according to the surface soil sampling method described in Section 3. However, if the
soil characteristics are not known or are known or suspected to vary with depth in the pile, both
surface soil and deeper subsurface soil samples will be required to properly characterize the soil
pile.

A backhoe or excavator equipped with a bucket can be used to collect subsurface soil samples
from stockpiles. This method is often preferred for collecting subsurface soil samples from a
stockpile since it allows the sampler greater opportunity to inspect the physical characteristics of
the pile for potential signs of variability for determining appropriate sample depths and locations.

Typically, based on the minimum required number of samples for the estimated stockpile volume,
the stockpile is divided into the appropriate number of estimated volumes equal to that sample
number. For example, if the specified sample frequency is 1 sample per 1,000 cubic yards (cy)
and the estimated stockpile size is 4,000 cy, the stockpile would be broken down into
approximately four equal volumes or quadrants. Grab VOC samples and composite non-VOC
samples, as required, would then be collected from each of the areas for characterization of the
stockpile.

POST-SAMPLING ACTIVITIES

1. After the samples have been collected, the sampling locations must be appropriately
documented. The type of documentation will depend on the project specific data quality
objectives (DQOs). Sampling locations may be marked with wooden stakes colored with
highly visible spray paint and/or flagging in order to identify the sample location for
surveying purposes, recorded immediately using a GPS receiver with sub-meter accuracy,
recorded using GPS on a mobile device, measured from building corners or other fixed
reference points, or a combination of the above. If stakes/markers are used to identify the
locations for photos or to physically locate the point at a future date, sample and/or location
identification should be written on each stake in indelible ink or marking pen. A sketch or
photograph of the sampling locations should also be included in the field notes.

2. Package the samples with bubble wrap and/or organic absorbent, as necessary.
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6.0

7.0

7.2

3. Place the samples into a shipping container and cool to 4°C. If wet ice is used to cool the
samples, place the ice in double-bags to prevent water from the melting ice from damaging
the samples during shipment.

4. Complete the COC form.

5. Decontaminate non-disposable sampling equipment.

INVESTIGATION-DERIVED WASTE DISPOSAL

Field personnel should discuss specific documentation and containerization requirements for
investigation-derived waste disposal with the Project Manager.

Each project must consider investigation-derived waste disposal methods and have a plan in place
prior to performing the field work. Provisions must be in place as to what will be done with
investigation-derived waste. If investigation-derived waste cannot be returned to the site,
consider material containment, such as a composite drum, proper labeling, on-site storage by the
client, testing for disposal approval of the materials, and ultimately the pickup and disposal of the
materials by appropriately licensed vendors.

QUALITY ASSURANCE/QUALITY CONTROL

The collection of specific field quality control (QC) samples will be specified in the project-
specific planning documents and/or specified by the regulatory agency. and may include one or
more of the following: field blank, equipment blank, trip blank, field duplicate, and/or matrix
spike/matrix spike duplicates.

Duplicate Soil Sample Collection
The following procedures should be used for collecting duplicate soil samples:

1. For QC purposes, each duplicate sample will be submitted to the laboratory as a “blind”
duplicate sample, in that a unique sample identification not tied to the primary sample
identification will be assigned to the duplicate (e.g., DUP-01). Standard labeling procedures
used for soil sampling will be employed. However, a sample collection time will not be
included on the sample label or the COC form. The actual source of the duplicate sample
will be recorded in the field notes.

2. Each duplicate sample will be collected simultaneously with the actual sample in accordance
with the same collection procedures. At the same step in the sampling procedures that the
VOC, VPH, and/or GRO containers are filled and sealed, the duplicate sample VOC, VPH,
and/or GRO containers will also be filled and sealed. Duplicates for all parameters other than
VOCs, VPH, and GRO should be filled from the homogenized sample to ensure consistency
between the sample and the duplicate. Following the order of collection specified for each
set of containers (i.e., VOCs, VPH, GRO, semivolatile organic compounds [SVOCs], other
organics and then inorganic compounds), the duplicate sample containers will be filled
simultaneously with each parameter.
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3. Collection and preservation procedures outlined for soil sampling will be followed for each
duplicate sample.

8.0 DATA MANAGEMENT AND RECORDS MANAGEMENT

Record the general sample collection information such as location, identification, and date/time in
the field notes or on a field data sheet. Typical field documentation recorded in field notes
includes the following information:

Sample identification number

Sample location (description or sketch of the sample point)
Sample depth interval

GPS coordinates and coordinate system

Time and date sample was collected

Personnel performing the task

Visual or sensory description of the sample (e.g., odors, staining)
Brief soil descriptions (e.g., color, texture, appearance)

Presence of any fill materials (e.g., concrete, asphalt, ash)
Readings from field screening equipment (e.g., PID)

Weather conditions during sampling (e.g., temperature, wind)
Other pertinent observations including whether photographs were taken
Sample collection equipment used

Decontamination procedure

Analytical parameters

Affix a properly completed label to each sample container.

All sample numbers must be documented on the COC form that accompanies the samples during
shipment. Any deviations from the record management procedures specified in the site-specific
work plan must be approved by the Project Manager and documented in the field notes.

For projects using TRC’s Environmental Data Management System (EDMS), the project team’s
Data Manager can assist in planning sampling events to prepopulate bottle labels and chain of
custody forms and keep track of COC forms and laboratory EDDs generated for the project. The
TRC EDMS system has a completeness report that can track the samples collected and the
analyses performed as data are received from the laboratory.

TRC’s EDMS includes an approved electronic mobile field data collection system (e.g., EQuIS
Collect, Fulcrum, or esri Collector). A TRC Data Manager must be assigned for coordination and
setup of the respective application to be used by the project team. The details and specifications
of the sampling event should be discussed with the TRC Data Manager during the project kickoff
meeting. The TRC Data Manager will work with the TRC project team and field personnel on
configuring the system for efficient use in the field with pre-populated, project-specific menus
following TRC’s best practices for sample ID naming conventions compatible with TRC’s

EDMS.
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For projects that do not use electronic mobile field data collection systems field notes containing
sample IDs, sample date, sample matrix, sample start depth, sample end depth, sample method,
sample event task code, and sample purpose, along with GPS coordinates for each sample
location ID should be transcribed into TRC’s standard Location and Field Sample EDDs for
import into TRC’s EDMS as soon as the soil sampling event is completed, preferably the same
day in order to get data into the EDMS in as near real time as possible.

9.0 SUSTAINABLE RECOMMENDATIONS

Sustainable practices should be incorporated wherever practical. Items to consider for soil
sampling are as follows:
e Utilize reusable equipment as appropriate;
o Utilize recycled material as appropriate (i.e., Recycle plastic bags or use green bags);
e Utilize laboratories with smaller sample containers;
e Utilize electronic data collection methods rather than paper for field notes and boring
logs

10.0 REFERENCES

ASTM Methods D1586 Standard Test Method for Standard Penetration Test (SPT) and Split-
Barrel Sampling of Soil, D1587 Practice for Thin-walled Tube Sampling of Soils for
Geotechnical Purposes, ASTM D6169 Standard Guide for Selection of Soil and Rock Sampling
Devices Used With Drill Rigs for Environmental Investigation, ASTM International, Most
Current Version.

California EPA, Guidance Document for the Implementation of United States Environmental
Protection Agency Method 5035: Methodologies for Collection, Preservation, Storage, and
Preparation of Soils to be Analyzed for Volatile Organic Compounds, November 2004

MassDEP, Method for the Determination of Volatile Petroleum Hydrocarbons (VPH), May 2004.

U.S, EPA, SW-846 Method 5035A, Closed System Purge-and-Trap and Extraction for Volatile
Organics in Soil and Waste Samples, Draft Revision 1, July 2002.

U.S. EPA Environmental Response Team, Soil Sampling SOP #2012, February 18, 2000.

U.S. EPA Science and Ecosystem Support Division, Soil Sampling Operating Procedure
(SESDPROC-300-R2), December 20, 2011.
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11.0  SOP REVISION HISTORY

REVISION NUMBER REVISION DATE REASON FOR REVISION
0 SEPTEMBER 2013 NOT APPLICABLE
ADDED ATTACHMENT D TO
ACCOMMODATE SOP
1 NOVEMBER 2016 MODIFICATIONS REQUIRED WHEN
SAMPLING FOR PFAS; CHANGED
NAMING CONVENTION FOR SOP
FROM RMD 10 ECR.
2 JANUARY 2020 TRC RE-BRANDING
ADDITIONAL MODIFICATIONS FOR
3 AUGUST 2020 PFAS SAMPLING
4 JANUARY 2022 SOP UPDATE
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Attachment A:

Procedure for Collection of Samples for VOCs, VPH, or GRO (SW-
846 Method 5035A)
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SOIL SAMPLING PROCEDURES - SOP 003 FACT SHEET

SAMPLING FOR VOLATILE ORGANIC COMPOUNDS IN SOIL BY EPA METHOD
5035/5035A

The following sampling protocol is recommended for site investigations assessing the extent of VOCs (including
VPH and GRO) in soils. Because of the large number of options available, careful coordination between field and
laboratory personnel is needed. The specific sampling containers and sampling tools required will depend upon
the required detection levels and intended data use. Once this information has been established, selection of the
appropriate sampling procedure and preservation method best applicable to the investigation can be made.

SW-846 Method 5035 provides instructions and options on the preservation of soil samples for low-level and
high-level VOC analyses:

e Low-level (<200 ug/kg) and

e High-level (> 200 pg/kg).

The choice of low-level or high-level analysis is determined by the requirements of the project. However, since
the low-level method is only valid for a certain concentration range, a sample for analysis by the high-level
method must also be collected to ensure quantification of all target analytes is possible, if needed.

The low-level method uses one or more of the following options for the sampling/preservation of soils:
e Soil sampled into a vial with a sodium bisulfate (NaHSO4) solution.
e Soil collected in an En-Core® sampler and immediately shipped to the laboratory for further preservation
(within 48 hours).
e Soil collected in a vial with organic-free water, sealed in the field, and shipped to the laboratory
immediately in order to meet the method preservation requirement to freeze within 48 hours of collection.

Based on project-specific requirements, trip blanks may be recommended. Refer to the site-specific work plan for
quality assurance (QA)/QC requirements.

Low-level Method (VOCs)

Option A - Direct sampling into En-Core® samplers
e Three 5-gram size En-Core® samplers for each sample.
e One non-preserved container for moisture determination.

Option B - Direct sampling into vial with chemical preservative
e Two 5-gram size cores are added to volatile organic analysis (VOA) vials (one soil core is added to each
of two VOA vials with sodium bisulfate solution) for each sample using a Terra Core™ or other coring
sampler (e.g., disposable syringe). Once the vials are sealed in the field, these are not opened again.
e One non-preserved container for moisture determination.

Option C - Direct sampling into vial with water (to be frozen at the laboratory)

e Two 5-gram size cores are added to VOA vials (one soil core is added to each of two VOA vials with
water) for each sample using a Terra Core™ or other coring sampler (e.g., disposable syringe). Once the
vials are sealed in the field, these are not opened again.

e One non-preserved container for moisture determination.

High-level Method (VOC, VPH, GRO)

Option A - Direct sampling into En-Core® samplers
e  One 5-gram size En-Core® sampler for each sample.
e One non-preserved container for moisture determination.
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Option B - Direct sampling into a methanol-preserved vial

e For VOCs: 5 or 10 grams of soil is added to a VOA vial (with 5 or 10 grams of methanol, respectively)
for each sample using a Terra Core™ or other coring sampler (e.g., disposable syringe). This may also
depend upon the regulatory agency (e.g., New Jersey Department of Environmental Protection requires 8
to 12 grams in 25 mL methanol or 5 grams in 10 mL methanol).

e For VPH or GRO: The coring device will be filled with 25 grams of undisturbed soil if 60-ml vials with
25 ml of methanol are used, or 15 grams of undisturbed soil if 40-ml vials with 15 ml of methanol are
used. The goal is to have a 1:1 ratio of soil- to- methanol.

e One non-preserved container for moisture determination.

1.3 Cautions and Potential Problems

L.

Potential leaking sample containers for VOC, VPH. and GRO analyses:

Options for evaluating containers for leaking preservatives:

a. When ordering pre-preserved sample containers, laboratories should be encouraged to mark the meniscus
of the preservative on all sample containers. The preservative level should be checked before sampling as
a quick check that there has not been any loss of liquid.

b. Compare preservative level in multiple bottles and select one for comparison purposes to subsequent
sample bottles.

c. Weigh methanol-preserved sample containers prior to sampling. Sample containers found to have lost
greater than 0.2 grams of methanol compared to their initial weight should not be used. In order to
perform this option, initial container weights must be provided by the laboratory.

Potential methanol absorption:

Soil may be encountered that absorbs all of the methanol preservative (e.g., organic-rich soil, fine-grain soil).
These soils can absorb the methanol leaving no methanol extract for the laboratory to analyze. In these
instances, the use of additional methanol is required. The laboratory must be contacted for sample containers
with an increased volume of methanol. Using a 1:2 ratio of soil to methanol will help to ensure that there will
be adequate volume of methanol remaining for analysis. NOTE: Additional methanol should not be added
to the sample container by the sampler in the field. Containers with additional methanol must be
obtained from the laboratory.

Collection of samples with high moisture content:

Soil samples with high (>50%) moisture content (e.g., sediments, soil samples below the water table) may
prevent the attainment of the ideal 1:1 soil-to-preservative ratio. In these instances, depending on the data
quality objectives, it may be necessary to evaluate the soil to determine what level in the disposable syringe
corresponds to the required weight (typically 5 grams for VOCs and 15 or 25 grams for VPH). This can be
performed by collecting several trial samples with disposable syringes. Weigh each trial sample and note the
length of the soil in the syringe. These measurements would be used to determine how much soil in the
syringe corresponds to 5 + 0.5 grams (or the desired weight + 0.5). All trial samples should be discarded and
not used for analysis.

4. En-Core® sampler cautions:

a.  En-Core® samplers, or equivalent, should only be used on fine-grain or cohesive soils (soils that stay
together in the En-Core® sampler and do not fall apart). En-Core® samplers should not be used to
collect soil samples that consist of dry sand, gravel, or a mixture of gravel and fines, or samples with
high moisture (e.g., sediments and soil samples below the water table). In the case of soil samples that
consist of dry sand, gravel, or a mixture of gravel and fines, or samples with high moisture (e.g.,
sediments and soil samples below the water table), a stainless-steel spatula or scoop should be used
with field preservation techniques.

b.  The En-Core® sampler is a single-use device and cannot be decontaminated and reused.
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c.  The volume of material collected in an En-Core® sampler should not cause excessive stress on the
coring tool.

d. The volume of material collected should not be so large that the sample easily falls apart during
extrusion.

e.  The En-Core® sampler should not be used if any of the components are damaged as the seals may be
compromised. Under no circumstances should any components be removed or disturbed.

f. It is important to make sure air is not trapped behind the sample, as this could cause air to pass through
the sample, resulting in a loss of VOCs, or it could cause the sample to be pushed prematurely from the
coring tool.

5. Potential effervescence with use of sodium bisulfate as a preservative for low-level VOC analysis of soils:

This method of preservation is not preferred and, therefore, is not outlined below. If it is used, the following
cautions exist:

a.  Carbonaceous or strongly alkaline soils may cause potential effervescence when reacting with the
sodium bisulfate and may result in a loss of VOCs and a shattered vial. If effervescence occurs, sodium
bisulfate should not be used. The laboratory must be contacted and low-level preservation techniques,
using water only, should be followed.

b. Loamy materials or materials containing decayed material may result in false positive results for
acetone due to the interaction with the sodium bisulfate.

c.  Some VOCs may be lost due to the resulting acidification when sodium bisulfate is used (e.g., styrene,
2-chloroethyl vinyl ether, acrylonitrile).

d. Some VOCs may be lost if the laboratory is using a heated purge in combination with the sodium
bisulfate preservative (e.g., methyl tert butyl ether [MTBE] and other fuel oxygenates).

1.4  Sample Containers and VOC Sampling Equipment

e Method 5035A-compatible containers or kits (for VOCs, VPH, and GRO): Preservatives may be required for
some samples with certain variations of SW-846 method 5035A — consult the governing regulatory agency or
principal analytical chemist to determine which preservatives are necessary.

Low-level VOCs: two 40-mL VOA vials pre-preserved with 5 mL organic-free water and also containing
a magnetic stir bar.

High-level (or medium-level) VOCs: one 40-mL VOA vial pre-preserved with 5 or 10 mL of purge-and-
trap-grade methanol. Volume will be dependent upon laboratory’s preference or regulatory agency
requirements (e.g., New Jersey Department of Environmental Protection prefers vials with 10 or 25
mL of purge-and-trap-grade methanol).

VPH and GRO: One 60-mL vial pre-preserved with 25 mL of purge-and-trap-grade methanol or One 40-
mL VOA vial pre-preserved with 15 mL of purge-and-trap-grade methanol
and

One glass container (or other appropriate container) with no preservative to allow the laboratory to
perform the percent solids measurement. NOTE: The laboratory typically requires a minimum of 20
grams to perform this test. Therefore, submitting a sample size less than 4 ounces may be acceptable.
This additional container will not be required if the sample is also being submitted for other non-VOC
parameters.

e En-Core® samplers, or equivalent, for VOC, VPH and/or GRO analysis:

High-level VOC or GRO analysis: one 5-gram En-Core® sampler.

Low-level VOC analysis: two 5-gram En-Core® samplers.

VPH, GRO or toxicity characteristic leaching procedure (TCLP) VOC analysis: one 25-gram En-Core®
sampler.

e Disposable plastic syringes or Terra Core™ samplers.
e Foam VOC vial holders.

e Portable digital scale (accurate to = 0.01 grams) with calibration weights.
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COLLECTION OF SAMPLES USING EN-CORE® SAMPLERS, OR EQUIVALENT

The sample will be collected using an En-Core® sampler, or equivalent, as soon as possible after the soil has
been exposed to the atmosphere.

Check that the En-Core® sampler, or equivalent, is full using both of the following procedures:

a.  Be sure that the back o-ring on the plunger can be seen when looking through the viewing hole on the
handle. This will mean that the soil has pushed the plunger fully to the back.

b.  The plunger can only be rotated when it is fully pushed to the back of the body. Therefore, it is
important to twist the plunger to guarantee that the soil has filled the sampler and the back o-rings
have sealed.

Immediately seal the En-Core® sampler, or equivalent. Be sure to twist the cap as it is pushed on. The cap is
properly sealed when the two locking arms are completely and symmetrically over the body ridge.

The samples must be shipped to a laboratory within 24 hours of sampling to ensure the 48-hour hold time for
preservation will be met.

In the event that a field screening technique (instrument reading or visual staining of the soil) indicates the
possible presence of VOCs or hydrocarbons, note the observations or instrument readings in the field notes.
If the field screening technique does not indicate the presence of VOC:s, this should also be noted.

If samples are collected for only VOC and VPH analyses, a separate aliquot must be collected in an
unpreserved container in order for the laboratory to perform a dry weight determination.

COLLECTION OF SAMPLES USING FIELD PRESERVATION

Samples for VOCs will be collected as soon as possible after the soil has been exposed to the atmosphere.

Samples for VOCs will be collected first (prior to collection of samples for other parameters) using an open-
barrel disposable syringe, Terra Core™ sampler, or equivalent. In the case of soil samples that consist of dry
sand, gravel, or a mixture of gravel and fines, or samples with high moisture (e.g., sediments and soil samples
below the water table), an open-barrel disposable syringe may not be practical; a stainless steel spatula or
scoop can be used with field preservation techniques.

Soil samples for VOC analyses should never be homogenized.

Each pre-preserved sample container will be weighed prior to sample collection, and the
container/preservative weight will be recorded. This procedure will generally be performed by the laboratory
prior to shipping the containers to the field.

Depending upon project requirements, samples for VOC analysis will be collected as low-level, high-level, or
both.

Low-level VOCs

1. The syringe will be filled with undisturbed soil of the following volume: 5 grams of soil.

As an option to the syringes, 5-gram Terra Core™ samplers, or equivalent, can be used. The goal is to
have a 1:1 ratio of soil- to- preservative.

2. The soil will be extruded into a pre-preserved VOA vial containing a magnetic stir bar and 5 mL organic-
free water. This will be done in replicate.

3. Any sand grains present on the container rim or cap must be removed to ensure an air-tight seal of the
vial. The VOA vial will be capped quickly and labeled with the sample ID, date, and time of collection.
Labels should not be written on the cap of the vial.

4. Gently swirl sample to break up the soil aggregate, if necessary, until the soil is covered with
preservative. It is imperative that the soil sample be completely immersed in the preservative solution.

27 ‘) TTRC



SOIL SAMPLING PROCEDURES - SOP 003 FACT SHEET

5. In the event that a field screening technique (instrument reading or visual staining of the soil) indicates
the possible presence of VOCs or hydrocarbons, note the observations or instrument readings in the field
notes. If the field screening technique does not indicate the presence of VOC:s, this should also be noted.

6. If samples are collected for only VOC analysis, a separate aliquot must be collected in an unpreserved
container in order for the laboratory to perform a dry weight determination.

B. High-level VOCs, VPH, or GRO

1. High-level VOCs: The syringe will be filled with undisturbed soil of the following volume: 5 or 10 grams
of soil for high-level analysis (added to the 5 or 10 ml of methanol, respectively). This may also depend
upon the regulatory agency (e.g., New Jersey Department of Environmental Protection requires 8 to 12
grams in 25 mL methanol or 5 grams in 10 mL methanol).

VPH or GRO: The syringe will be filled with 25 grams of undisturbed soil if 60-ml vials with 25 ml of
methanol are used, or 15 grams of undisturbed soil if 40-ml vials with 15 ml of methanol are used. The
goal is to have a 1:1 ratio of soil- to- methanol.

As an option to the syringes, 5-gram Terra Core™ samplers, or equivalent, can be used. Typically, the
goal is to have a 1:1 ratio of soil- to- preservative.

N

The sample will be extruded into a VOA vial containing purge-and-trap grade methanol

3. Any sand grains present on the container rim or cap must be removed to ensure an air-tight seal of the
vial. The VOA vial will be capped quickly and labeled with the sample ID, date, and time of collection.
Labels should not be written on the cap of the vial.

R

Gently swirl sample to break up the soil aggregate, if necessary, until the soil is covered with
preservative. It is imperative that the soil sample be completely immersed in the preservative solution.

5. In the event that a field screening technique (instrument reading or visual staining of the soil) indicates
the possible presence of VOCs or hydrocarbons, note the observations or instrument readings in the field
notes. If the field screening technique does not indicate the presence of VOC:s, this should also be noted.

6. Methanol is considered to be a hazardous material by the US Department of Transportation (DOT) and
the International Air Transportation Association (IATA). Shipments containing methanol between the
field and the laboratory must conform to the rules established in Title 49 of the Code of Federal
Regulations (49 CFR parts 171 to 179) and the most current edition of the IATA Dangerous Goods
Regulations. The volumes of methanol recommended in the VOC method fall under the small quantity
exemption of 49 CFR section 173.4. Refer to Attachment B for further details.

~

If samples are collected for only VOC analysis, a separate aliquot must be collected in an unpreserved
container in order for the laboratory to perform a dry weight determination.
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Attachment B:

Shipping Methanol-preserved Samples
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Shipping of Hazardous Materials

Methanol is considered a hazardous material by the US Department of Transportation (DOT) and the International
Air Transport Association (IATA). Shipments of methanol between the field and the laboratory must conform to
the rules established in Title 49 of the Code of Federal Regulations (49 CFR parts 171 to 179) and the most current
edition of the IATA Dangerous Goods Regulations. Consult these documents or your shipping company for
complete details.

Small Quantity Exemption

The volumes of methanol recommended in the high-level VOC, VPH, and GRO methods fall under the small
quantity exemption of 49 CFR section 173.4. To qualify for this exemption, all of the following conditions must be
met:

¢ the maximum volume of methanol in each sample container must not exceed 30 mL
the sample container must not be full of methanol
the sample container must be securely packed and cushioned in an upright position and be surrounded by a
sorbent material capable of absorbing spills from leaks or breakage of sample containers
the package weight must not exceed 64 pounds
the volume of methanol per shipping container must not exceed 500 mL
the packaging and shipping container must be strong enough to hold up to the intended use
the package must not be opened or altered while in transit
the shipper must mark the shipping container as follows:

“This package conforms to 49 CFR 173.4”
When shipping domestically by Federal Express via ground or air, the following rules apply:
follow the inner packaging requirements of 49 CFR 173.4
no labels, placards, up arrows, or dangerous goods shipping papers are required
if the Federal Express airbill has a shipper’s declaration for hazardous goods on it, check the Yes box under
Shipper’s Declaration not Required
When shipping internationally by Federal Express, the following rules apply:
¢ follow the inner packaging requirements of 49 CFR 173.4
O use dangerous goods shipping papers

¢ apply orientation arrows on opposite vertical sides on the exterior of the package

Shipping Papers for International Shipments

International shipments must be accompanied by dangerous goods shipping papers that include the following:

Proper Shipping Name: Methyl Alcohol

Hazardous Class: Flammable Liquid

Identification Number: UNI1230

Total Quantity: (mL methanol/container x the number of containers)
Emergency Response Info: Methanol SDS attached

Emergencv Response Phone: 1-800-424-9300
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Attachment C:

SOP Fact Sheet
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PURPOSE AND OBJECTIVE

Soil sampling is conducted in order to obtain a representative sample for laboratory analysis of constituents of interest at a given site.
Soil samples may be collected using a variety of methods and equipment depending on the depth of the desired sample, the type of

sample required (disturbed vs. undisturbed), and the soil type.

WHAT TO BRING

» Appropriate level of personal protective equipment
(PPE), as specified in the site-specific Health and
Safety Plan (HASP).

o Sample containers: The proper containers should be
analytical
laboratory in the planning stages of the project, and
will depend on the analytical program, laboratory

determined in conjunction with the

SOPs, and regulatory requirements.

Tape measure or folding ruler.

Wooden stakes and spray paint, plastic flagging
(highly visible), or steel pin flags.

Field book and/or boring log.

Sample container labels.

Chain-of-custody (COC) forms (TRC or laboratory, as
appropriate).

Custody seals for sample coolers.

. For non-volatile organic compound (VOC) « Tape to secure sample coolers and sample container
parameters, glass containers with Teflon®-lined caps labels (if necessary).
are typically utilized. Typical containers used for + Camera.
VOC parameters are provided in Attachment A. Brass « Maps/site plan.

liners, steel liners, or soil core acetate liners with

Teflon® tape and plastic end caps may also be used.

» Stainless steel mixing bowl or new aluminum pie pan.

« Plastic bowl or plastic resealable bag for inorganics.

« Stainless steel spoon or spatula or sterile individually

wrapped single use scoop.

« Hand auger, mud auger, sand auger, bucket auger,
and/or T-handle.

o Post hole auger.

« Extension rods.

o Stainless steel trowel.

e Shovel.

Survey equipment, global positioning system (GPS),
or other means of measuring sample locations.
Indelible marking pens or markers.

Organic absorbent material (e.g., Slickwick, ground
corn cob, sawdust).

Sample coolers.

Bubble wrap.

Ice (for sample storage/preservation).

Zip-loc® plastic bags (for ice and COCs).
Equipment decontamination supplies (see ECR SOP-
010).

» Applicable field screening equipment with calibration
solution/gas (i.e., pH meter, photoionization detector,
flame ionization detector, etc.)

OFFICE

e  Prepare/update the HASP; make sure the field team is .
familiar with the latest version.

Confirm that all necessary equipment is available in-house
or has been ordered. Rental equipment is typically delivered
the day before fieldwork is scheduled. Prior to departure,

e Review workplan, discuss the objective for the soil . S .
test equipment and make sure it is in proper working order.

sampling program with the Project Manager and/or the

field lead. Develop strategy including sample order, .
collection method, designation, analytical parameters, turn-
around times, laboratory, etc.

Verify that a utility survey/mark-out has been performed to
ensure that sample locations are clear of overhead and
buried utilities. Obtain a copy of the mark out ticket or
confirmation number. Additionally, a private geophysical

o Are the soil cuttings to be containerized in drums or
sub-surface survey may be necessary.

returned to borehole?
o Volume of soil required for each sample? .
QA/QC sample collection?
o Field decontamination required?

Review sample bottle order for accuracy and completeness.

@)

e Confirm soil boring locations (or specific sampling areas)
are clearly identified on figure and that soil boring and
sample designations are understood.
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SOIL SAMPLING PROCEDURES

ON-SITE

Verify that underground utilities have been marked out and
that the mark outs are clear. Stay at least two feet away
from any marked utility. Identify if any overhead
obstructions or limited access areas exist near proposed
borings and contact the Project Manager if any proposed
locations need to be moved. Sketch/photograph mark-out
locations. Client or project-specific utility clearances such
as air-knifing or GPR may also be required.

Review the HASP with all field personnel, conduct Health
& Safety tailgate meeting.

Ensure appropriate PPE is worn by all personnel and work
area is safe (i.e., utilize traffic cones, minimize interference
with on-site activities and pedestrian traffic, etc.)

Calibrate equipment (if applicable) and record all equipment
serial numbers in the field book.

GENERAL SOIL SAMPLING PROCEDURES

Refer to other TRC SOPs for the proper procedures for
classifying soil samples (ECR SOP 005) and for screening
of samples for VOCs (ECR SOP 014).

Refer to Attachment D of this SOP for specialized sampling
requirements for PFAS.

Refer to the appropriate guidance documents for state-
specific sampling requirements.

Perform any required field screening in-situ or immediately
upon retrieval of the soil sample from the subsurface.

Samples for VOC, VPH, or GRO analysis are collected as
soon as possible after the soil has been exposed to the
atmosphere and prior to sample collection for other
analyses. Refer to Attachment A of this SOP for additional
details.

After collecting the sample(s) for VOC analysis, the sample
portion for the remaining analyses should be well
homogenized in a decontaminated stainless-steel bowl,
disposable new aluminum pie pan, plastic bowl (for
inorganics), or re-sealable plastic bag (for inorganics) to
ensure the sample is uniform and as representative as
possible of the sample media.

Stones, gravel, vegetation, or debris (such as concrete,
asphalt, ash or slag) should be removed from the soil sample
as much as practical prior to placement in sample
containers, unless these matrices are part of the overall
characterization program.

Transfer to sample containers using new, clean, or

decontaminated spoons/scoops.

Filling of the sample bottles should be completed
immediately after sample collection to minimize losses due
to volatilization and biodegradation. Soil classification can
be completed following sample collection.

Place the sample into an appropriate, labeled container(s) by
using the alternate shoveling method and secure the cap(s)
tightly. The alternate shoveling method involves placing a
spoonful of soil in each container in sequence and repeating
until the containers are full or the sample volume has been
exhausted. Threads on the container and lid should be
cleaned to ensure a tight seal when closed.

Make sure ALL sample containers are clearly labeled with
the site name, sample date, sample collection time and
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sample designation including depth in indelible ink. Make
sure to clearly identify requested samples and analyses on
the COC.

Labeled samples should be immediately put into a cooler
with ice; sample coolers should always be kept within
eyesight or stored within the cab of the vehicle or other
secured place such as a locked office.

Be aware of sample holding times and arrange for samples
to be in the laboratory’s possession accordingly.

Restore the sampling location to grade in accordance with
applicable state or federal regulations and/or the site-
specific work plan. Options include backfilling the sample
location with the remaining removed soil, bentonite pellets,
or cement/bentonite grout depending on site conditions/hole
depth and patching the surface to match the surrounding
area (e.g., topsoil with grass seed, asphalt, or concrete
patch), as necessary.

Record locations of soil borings/samples in the field book
by sketching a map and/or providing a description of the
location. When measuring locations of soil borings/samples,
always use fixed landmarks such as buildings, fences, curbs,
etc.

Decontaminate sampling equipment in accordance with
TRC’s SOP (ECR SOP 010) on equipment
decontamination.

Ensure any IDW is appropriately managed. If IDW cannot
be returned to the site, consider material containment, such
as a composite drum, proper labeling, on-site storage by the
client, testing for disposal, approval of the materials, and
ultimately the pickup and disposal of the materials by
appropriately licensed vendors.
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SOIL SAMPLING PROCEDURES

SURFACE SOIL SAMPLING PROCEDURES

The depth of surface soil samples are typically from 0-6 in. or 0-12 in. and will be determined on a site-specific basis and may be

influenced by site-specific conditions. The following procedure should be used for surface soil sampling:

o If a thick, matted root zone, leaf layer, gravel, surface debris, concrete, etc. is present at or near the surface, it should be carefully
removed using clean, decontaminated tools before the soil sample is collected. The presence and thickness of any such material
should be recorded in the field book for each location. The depth measurement for the soil sample begins at the top of the soil
horizon, immediately following any such removed materials.

e A decontaminated stainless-steel spoon, scoop, or trowel is typically used for surface soil sampling depths from 0 to 12 inches bgs.
A hand auger or shovel may also be used to dig down to the desired depth and then after careful removal of the dug soils from the
hole, a decontaminated stainless-steel spoon, scoop, or trowel is used to collect the soil sample from the bottom of the hole for
laboratory chemical analysis.

o Continue by following the General Soil Sampling Procedures.

HAND AUGER SAMPLING PROCEDURES

Hand augers may be used to advance boreholes and collect soil samples in shallow subsurface intervals. The auger is advanced by

simultaneously pushing and turning using an attached T-handle with extensions (if needed). Auger holes are advanced one bucket at a

time until the appropriate sample depth is achieved. The following procedure should be used for hand auger sampling:

e Clear the area to be sampled of any surface debris (e.g., twigs, rocks, litter).

e Begin augering, periodically removing and depositing accumulated soils onto a plastic sheet spread near the borehole.

e When the sample depth is reached, remove the bucket used to advance the borehole and attach a decontaminated or clean bucket.
Place the clean auger bucket in the borehole, advance the clean auger bucket to fill it with the soil sample and then carefully
remove the clean auger bucket.

e If VOC analysis is to be performed, collect a sample directly at the bottom of the boring, if within reach, and not from the auger
bucket. If not within reach, collect the sample directly from the auger bucket or from minimally disturbed material immediately
after the auger bucket is emptied.

Continue by following the General Soil Sampling Procedures.
Refer to the SOP for special considerations for hand auger sampling.

DIRECT PUSH/SPLIT SPOON/SONIC DRILLING SAMPLING PROCEDURES
For some soil investigations, soil logs provide justification for sample locations and intervals, so be descriptive and precise.

e The driller will advance the soil sampler (macrocore, split e  Measurement of vertical depth should start from the top of

spoon, sonic casing, etc.) which will then be given to the the ground surface. The presence and thickness of surface
sampler - confirm with driller which end is top and which asphalt, surficial concrete slabs or gravel sub-base should be
end is bottom. Record the time of core collection in the noted in the field book and/or boring log.

field book (military time). Begin the soil record by
indicating the soil boring location and ID, followed by the
depth interval in feet bgs [e.g., B-1/0-4].

e Measure the length of recovered soil in inches and record in
the field book.

e Continue by following the General Soil Sampling
Procedures. If a specific depth interval is targeted for
sampling, be sure to account for percent recovery when
selecting the sample interval.

e Record the blow count per six-inch interval when collecting
split-spoon samplers with hollow stem auger rig. The
drillers will keep the count and repeat them to you. If
refusal is encountered, the count is recorded in the book as
“# of hammer blows / depth in inches the spoon is driven” o  Refer to the SOP for special considerations for Direct Push,
(e.g., 50/3 — means 50 blows of the hammer advanced the Split Spoon, and Sonic Drilling sampling.
spoon 3 inches).

SHELBY TUBE/THIN-WALLED SAMPLING PROCEDURES

Shelby tube or thin-walled soil sampling should be conducted in accordance with ASTM Method D1587 Practice for Thin-walled Tube

Sampling of Soils for Geotechnical Purposes.

To collect a sample, the tube is attached to a string of drill rod and is lowered into the borehole, where the sampler is then pressed into

the undisturbed material by hydraulic force from the drill rig. After retrieval to the surface, the tube containing the sample is then

removed from the sampler head.

e If samples for chemical analyses are needed, the soil contained inside the tube is then removed for sample acquisition by
following the direct-push sampling procedures.

e If the sample is collected for geotechnical parameters, the tube is typically sealed to maintain the sample in its relatively
undisturbed state, capped, labeled appropriately (including sample ID, top end of sample, inches of recovery, etc.), and shipped to
the appropriate geotechnical laboratory. The tube is typically stored in an upright position to maintain the integrity of the
undisturbed sample.
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SOIL SAMPLING PROCEDURES

e For geotechnical use, check with the laboratory prior to sampling to understand sample volume recoveries needed to perform the
actual tests.
e Refer to the SOP for special considerations for Shelby Tube or Thin-Walled sampling.

EXCAVATOR SAMPLING PROCEDURES

A backhoe or excavator can be used to assist with soil sampling such as during remedial excavation activities (to collect floor and
sidewall samples within the excavation), test pit installation, or trenching operations. The following procedures are used for collecting
soil samples excavated with a backhoe or excavator:

e For test pits or trench excavation, excavate in accordance with the site-specific work plan. The work plan may also require that
excavated soils be placed on plastic sheets or another impervious surface and protected from rain.

e Refer to the site-specific work plan for the number of floor and/or sidewall samples, which is typically driven by the surface area
and can vary depending on the governing regulatory agency.

e Samples can be collected using a trowel, spoon, or coring device at the desired intervals. A clean shovel may be used to remove a
1 to 2- inch layer of soil from the vertical face of the pit that contacted the backhoe bucket and where soil sampling is planned.
Scrape the vertical face at the point of sampling to remove any soil that may have fallen from above and to expose fresh soil for
sampling.

¢ In many instances, soil sample locations within the excavation area are inaccessible (do not physically enter backhoe excavations
to collect a sample). In these cases, soil samples can be collected directly from the backhoe bucket — use caution not to collect a
soil sample from edges that may have come into contact with the backhoe bucket.

¢ Continue by following the General Soil Sampling Procedures.

e Abandon the pit or excavation according to applicable state regulations and the site-specific work plan. Generally, shallow
excavations can simply be backfilled with the removed soil material.

e Refer to the SOP for special considerations for Excavator sampling.

STOCKPILE SOIL SAMPLING PROCEDURES

Stockpiled soils are typically sampled to characterize the soils for reuse or disposal. The stockpile sampling strategy used must
consider the source of the soil and all available data, field observations, shape/dimensions and volume of the pile, and sampling
frequency requirements established by oversight regulatory agencies or potential soil disposal facilities.

If the stockpile is known to be a representative mixture of soil with no known or suspected significant variability of contamination
with depth in the pile, the stockpile sampling may be conducted according to the surface soil sampling method described above.
However, if the soil characteristics are not known or are known or suspected to vary with depth in the pile, both surface soil and
deeper subsurface soil samples will be required to properly characterize the soil pile. Based on the minimum required number of
samples for the estimated stockpile volume, the stockpile is divided into the appropriate number of estimated volumes equal to that
sample number.

Refer to the SOP for special considerations for Stockpile Soil sampling.

POST SAMPLING ACTIVITIES

e  After the samples have been collected, the sampling location should be surveyed in the field with a GPS unit if not surveyed later
by some other means. A sketch or photograph of the sampling locations should also be included in the field book.
Package the samples with bubble wrap and/or organic absorbent as necessary.
Place the samples into a shipping container and cool to 4°C. If wet ice is used to cool the samples, place the ice in double-bags to
prevent water from the melting ice from damaging the samples during shipment.

e  Complete and cross check the COC form.

e Refer to Attachment B in the SOP for specific guidance on shipping methanol-preserved samples.

e Decontaminate non-disposable sampling equipment.

35 ‘) TRC



AN
b

TrRC

STANDARD OPERATING PROCEDURE

PROPRIETARY PROPERTY OF TRC — UNAUTHORIZED USE PROHIBITED

DOs AND DO NOTS OF SOIL SAMPLING

DOs:

No matter the work plan or the site, DO have the
following items when going into the field:

o Site-Specific HASP

o Appropriate PPE

o Field book and a pen with indelible ink

o)

o Business cards
DO review soil boring logs or cross sections
from previous sampling events, if available.
DO call the Project Manager or field team leader
if unexpected conditions are encountered and at
least twice during the workday to update them.
Even if everything is fine and there are no
questions, call or text with an update. It is also
recommended to call when sampling is winding
down for the day to make sure that the work plan
has been fully implemented and there are no
additional tasks to complete.
DO have the numbers for laboratory, vehicle
rental, and equipment rental providers readily
available while in the field.
DO decontaminate any heavy equipment used
for the advancement of sampling devices by
steam cleaning or high pressure/hot water wash
prior to and between sample locations. This
would include, but is not limited to auger flights,
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drill rods, backhoe buckets and other respective
accessories.

DO review and count the sample bottles and
compare to the COC prior to leaving the site.

DO record sampler type (e.g., macrocore, split
spoon, etc.) and boring method (e.g., direct push,
hammer, etc.) in the field book.

DO record the hammer weight, the distance of
the hammer drop and the method for hammer lift
(i.e., cathead and rope, hydraulic, etc.) in the
field book at least once per day when collecting
split-spoon samples with a drill rig.

DO NOTs:

DO NOT sign anything other than the COC in
the field. This includes disposal documentation,
statements, etc; call the Project Manager if there
is an issue.

DO NOT use non-indelible ink to label samples
or record field notes — if the field book gets wet,
notes become illegible.

DO NOT include any upper soils which may
“fall” as a result of the open borehole caving in
(slough) when recording recovery.

DO NOT use general terms such as “Fill” or
“Till” as a sole description for layers — always
give detailed description of soil components
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Attachment D:

SOP Modifications for PFAS
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Due to the pervasive nature of PFAS in various substances routinely used during sampling and the need to

mitigate potential cross-contamination or sampling bias to ensure representative data are collected, special

care should be taken when sampling for PFAS. The following table highlights the required modifications
to this SOP when sampling for PFAS.

PFAS Sampling Protocols

SOP Section Number Modifications to SOP

1.3 e Do not use equipment utilizing Teflon® during sample handling
or mobilization/demobilization. This includes waterproof/resistant
paper products, certain personal protective equipment (PPE) (see
below), and Teflon® tape.

e Blue Ice® (chemical ice packs) must not be used to cool samples
or be used in sample coolers. Regular ice in Ziploc® bags can be
used.

e Do not use low density polyethylene (LDPE)' or glass sample
containers or containers with Teflon-lined lids. HDPE or
polypropylene containers are acceptable for sample storage.
HDPE or polypropylene caps are acceptable.

e Do not use aluminum foil.

Waterproof field notes, plastic clipboards and spiral bound
notebooks should not be used. Field notes should be recorded on
loose paper field forms maintained in aluminum or Masonite
clipboards. Field notes should be attached to the project-specific
field notes or folder upon returning to the office.

e Avoid using waterproof labels for sample bottles. The use of
paper labels covered with clear tape or placed in Ziploc® bags to
avoid moisture on the sample label is acceptable.

e Do not use Post-It Notes during sample handling or mobilization/
demobilization.

e Refer to TRC’s SOP ECR-010 Equipment Decontamination for
PFAS-specific decontamination protocols. Ensure that PFAS-free
water is used during the decontamination procedure.

1.5 Always consult the Site Specific Health and Safety Plan (HASP) prior to
conducting field work. The following considerations should be made with
regards to field preparation during PFAS sampling:

o  Tyvek® suits should not be worn during PFAS sampling events.
Cotton coveralls may be worn.

e Boots and other field clothing containing Gore-Tex™ or other
waterproof/resistant material should not be worn. This includes
rain gear. Boots made with polyurethane and polyvinyl chloride
(PVC) are acceptable.

Stain resistant clothing should not be worn.

e Food and drink should not be allowed within the exclusion area.
Pre-wrapped food or snacks should not be in the possession of
sampling personnel during sampling. Bottled water and hydration
drinks (e.g., Gatorade®) may be consumed in the staging area
only.

e Personnel involved with sample collection and handling should
wear nitrile gloves at all times while collecting and handling
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PFAS Sampling Protocols

SOP Section Number Modifications to SOP

samples or sampling equipment. Avoid handling unnecessary
items with nitrile gloves. A new pair of gloves must be donned
prior to collecting each sample.

e  Wash hands with Alconox or Liquinox and deionized water after
leaving vehicle before setting up at a soil sampling location.

1.6 e Avoid wearing clothing laundered with fabric softeners.

e Avoid wearing new clothing (recommended 6 washings since
purchase). Clothing made of cotton is preferred.

e Avoid using cosmetics, moisturizers, hand creams, or other related
products as part of cleaning/showering on the day of sampling.

e Avoid using sunscreens or insect repellants that are not natural or
chemical free.

e If installing borings for PFAS sampling, assume the surface soil is
contaminated with PFAS and remove the top six inches and
transfer to drums prior to installing the borings. Clear an area of
at least 1.5 feet by 1.5 feet. Keep all site surface soil in one drum,
if possible. It is important to minimize PFAS in the surface soil
from getting into the boring during soil sampling or well
construction.

e If sampling for PFAS under a roadway, move the dense aggregate
subgrade out of the way prior to sampling.

e Efficient and consistent homogenization procedures must be
performed on soil samples; this is critical due to the small mass used
by the laboratory. Do not homogenize soil in aluminum pie pans;
use a decontaminated stainless steel bowl.

2.2 e LDPE and/or glass containers should not be used for sampling.
Teflon®-lined caps should also not be used during sample
collection. Instead, HDPE or polypropylene containers are
acceptable for sample storage. HDPE or polypropylene caps are
acceptable. Do not homogenize soil in aluminum pie pans. Use a
decontaminated stainless steel bowl.

e Stainless steel tools should not be wrapped in aluminum foil after
decontaminating prior to and in between uses.

e Homogenize the soil sample in a decontaminated, stainless steel
bowl and place in an appropriate laboratory-provided sample
container (as listed above) following the collection of VOC, VPH

or GRO samples.

223 e Do not use Teflon® liners for direct push sampling methods.
Cellulose acetate butyrate (CAB) liners are acceptable.

2.2.7 e Homogenize the soil sample in a decontaminated, stainless steel

bowl and place in an appropriate laboratory-provided sample
container (as listed above) following the collection of VOC, VPH
or GRO samples.

2.3 e Samples for PFAS analysis must be shipped at <10°C. Standard
coolers are acceptable. Keep high-concentration PFAS samples in
separate coolers from low-concentration PFAS samples.

'PFAS have been used as an additive in the manufacturing of LDPE to smooth rough surfaces.
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Attachment E:

Explanation of Common Subsurface Sampling Technologies
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Hand Augering

Hand augers may be used to advance boreholes and collect soil samples in shallow subsurface
intervals. Often, 4-inch diameter stainless steel auger buckets with cutting heads are used. The
auger is advanced by simultaneously pushing and turning using an attached T-handle with
extensions (if needed).

The practical depth of investigation using a hand auger largely depends upon the soil properties
and depth of investigation. In sand, augering is typically easy to perform, but the depth of
collection is limited to the depth at which the sand begins to flow or collapse. The use of hand
augers may be of limited use in soils containing large amounts of unnatural fill (e.g., brick, slag,
concrete), coarse gravel and cobbles (or larger grain size), and in tight clays or cemented sands.
In these soil types, it becomes more difficult to recover a sample due to increased friction and
torque of the hand auger extensions as the depth increases. At some point, these problems
become so severe that alternate methods (i.e., power equipment) must be used.

Auger holes are advanced one bucket at a time until the appropriate sample depth is achieved.
When the sample depth is reached, the bucket used to advance the hole is removed and
decontaminated or a clean bucket is attached. The clean auger bucket is then placed in the hole
and filled with soil to make up the sample and then carefully removed.

Direct Push

Direct-push sampling methods are used primarily to collect shallow and deep subsurface soil
samples. Soil sampling probes may range from simple hand tools to truck-mounted or track-
mounted hydraulically operated rigs. The sampling tool is hydraulically driven into the soil,
filling the tube, and withdrawn. All of the sampling tools involve the collection and retrieval of
the soil sample within a thin-walled liner. The following sections describe two specific sampling
methods using direct-push techniques, along with details specific to each method.

e Macro-Core®™ Sampler (Direct-push) - The Macro-Core® (MC®) sampler is a solid barrel,
direct-push sampler equipped with a piston-rod point assembly used primarily for collection
of either continuous or depth-discrete subsurface soil samples. Other lengths are available,
the standard MC® sampler comes in lengths of 48 or 60 inches (1219 or 1524 mm) with an
outside diameter (OD) of 2.25 inches (57 mm). The MC® sampler is capable of recovering a
discrete sample the length of the sample core used with a diameter of 1.5 inches (38 mm)
contained inside a removable liner. The resultant sample volume is an approximate maximum
of 1400 mL (for a 48-inch sampler). The MC® sampler may be used in either an open-tube or
closed-point configuration.

e Dual-tube Soil Sampling System (Direct-push) - The Dual-tube soil sampling system is a
direct-push system for collecting continuous core samples of unconsolidated materials from
within a sealed outer casing of 2.25-inch (57 mm) to 6-inch (152 mm) OD probe rod. For the
2.25-inch OD probe rods, the samples are collected and retrieved within a liner that is
threaded onto the leading end of a string of 1.25-inch (32 mm) OD diameter probe rods
inserted into the bottom of the outer casing. Collected samples have a volume of up to 800
mL in the form of a 1.125-inch x 48-inch (29 mm x 1219 mm) core. In addition to the 48-inch
length, nominal liner lengths include 36 inches, 1 meter, and 60 inches. Use of this method
allows for collection of a continuous core inside a cased hole, minimizing or preventing cross
contamination between different intervals during sample collection. The outer casing is
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advanced, one core length at a time, with only the inner probe rod and core being removed
and replaced between samples. If the sampling zone of interest begins at some depth below
ground surface, a solid drive tip must be used to drive the dual-tube assembly and core to its
initial sample depth.

Split Spoon

All split-spoon samplers, regardless of size, are basically split cylindrical barrels that are threaded
on each end. The leading end is held together with a beveled threaded collar that functions as a
cutting shoe. The other end is held together with a threaded collar that serves as the stub used to
attach the spoon to a string of drill rod.

o Standard Split Spoon - A drill rig auger is used to advance a borehole to the target depth. The
drill auger string is then removed and a standard split spoon is attached to a string of drill rod.
Split spoons used for soil sampling must be constructed of hardened carbon steel and are typically
2.0 inches OD (1.5 inches inside diameter) and 18 inches to 24 inches in length. Other diameters
and lengths are common and may be used if constructed of the proper material. After the spoon
is attached to the string of drill rod, it is lowered into the borehole. The safety hammer is then
used to drive the split spoon into the soil at the bottom of the borehole. After the split spoon has
been driven into the soil, filling the spoon, it is retrieved to the surface, where it is removed from
the drill rod string and opened for sample acquisition.

Shelby Tubes

Shelby tubes, also referred to generically as thin-walled push tubes or Acker thin-walled
samplers, are used to collect subsurface soil samples in cohesive soils and clays during drilling
activities. In addition to samples for chemical analyses, Shelby tubes are also used to collect
relatively undisturbed soil samples for geotechnical analyses of physical properties such as shear
strength, grain size distribution, density, hydraulic conductivity and permeability, to support
engineering design, construction, and hydrogeologic characterizations at hazardous waste and
other sites.

A typical Shelby tube is 30 inches in length, has a 3.0-inch OD (2.875-inch inside diameter) and
may be constructed of steel, stainless steel, galvanized steel, or brass. They are typically attached
to push heads constructed with a ball check to aid in holding the sample in the tube during
retrieval. If used for collecting samples for chemical analyses, it must be constructed of stainless
steel. If used for collecting samples for standard geotechnical parameters, any material is
acceptable. To collect a sample, the tube is attached to a string of drill rod and is lowered into the
borehole, where the sampler is then pressed into the undisturbed material by hydraulic force from
the drill rig.

Sonic Drilling

Sonic drilling/rotary vibratory drilling employs the use of high-frequency, resonant energy to
advance a core barrel or casing into subsurface formations. Although sonic drilling is not
technically a direct-push method of soil sampling, it is similar because soil sample collection
from cores of recovered unconsolidated soil would follow the same procedures as described for
direct-push methodologies.

Sonic drilling is different than conventional drilling, as sonic drilling minimizes the friction
between the borehole wall and the drilling tool by maintaining the resonance of the drill string
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with a sonic drill head. It also allows for drilling in areas where standard DPT would be refused,
potentially requiring multiple step-outs and/or not sampling the desired area. It is also generally
faster to advance than HSA or DPT. Typically, the drilling method utilizes dual casings that
independently resonate into the subsurface with an inner core barrel that is overrun by an outer
casing, similar to dual tube DPT sampling.

Excavator

A backhoe or excavator can be used to assist with soil sampling. This method is typically used
during remedial excavation activities (to collect floor and sidewall samples within the
excavation), test pit installation, or trenching operations. Test pit excavations are commonly
completed to allow for greater observation of physical soil characteristics (e.g., stockpiles) and/or
to further investigate buried suspect areas of concern (e.g., petroleum tanks, drums, waste, fill).
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1.0 INTRODUCTION

1.1 Scope & Applicability

This Standard Operating Procedure (SOP) was prepared to direct TRC personnel in the methods
for conducting headspace field screening measurements of solid and aqueous samples during field
investigations. This SOP does not cover screening for health & safety purposes or well mouth and
tank headspace.

1.2 Summary of Method

The objective of headspace field screening is to obtain organic vapor/gas measurements of solid
or aqueous media encountered during solid or aqueous sampling. The procedure involves
collecting solid or aqueous samples, sealing them in airtight containers, and analyzing the Total
Organic Vapors (TOVSs) that form within the container using a portable vapor/gas detector.

Headspace field screening data can be used to pre-screen field samples or as a guide to direct
subsequent investigations. Data collected using these methods are considered qualitative and
specific compounds cannot be distinguished.

1.3 Equipment

The following list of equipment may be utilized when conducting headspace field screening
measurements. Project-specific conditions or requirements may warrant the use of additional
equipment or deletion of items from this list.

e Appropriate level of personal protective equipment (PPE) as specified in the site-specific
Health and Safety Plan (HASP)

e Photoionization detector (PID) with appropriate electron volt (eV) lamp source (see Section
1.6.2 for selection of proper lamp source) or flame ionization detector (FID)

e Aluminum foil

e 500 ml clean jars or larger (for solid samples) - jars less than 8 o0z. capacity should not be
used

e One quart or one gallon resealable plastic bags (for solid samples)
e 40 ml to 1,000 ml clean jars (for aqueous samples)

e Field book

e Charcoal filter (for FID only, if methane present)

¢ Moisture filter/external water trap (for PID only)

e Tedlar bag(s)

e Isobutylene (100 parts per million by volume [ppmV], at a minimum): compressed gas
cylinder (for PID)

e Methane (100 ppmV, at a minimum): compressed gas cylinder (for FID)
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1.4

1.5

1.6

16.1

Zero air: compressed gas cylinder or carbon filter with ambient air

Sharpie pen

Definitions

FID An instrument that uses a flame to break down volatile organic

compounds (VOCs) into ions that can be measured by the detector.

Headspace The area/space between the sample media and the top of the airtight

container holding the sample. Organic vapors, if present, will
collect in this area/space and can be measured.

PID An instrument that uses an ultraviolet light source to break down

VOCs into ions that can be measured by the detector.

VOCs Any chemical compound based on carbon chains or rings with a

vapor pressure greater than 2 mm of mercury.

Health & Safety Considerations

TRC personnel will be on site when implementing this SOP. Therefore, TRC personnel shall
follow the site-specific HASP. TRC personnel will use the appropriate level of PPE as defined in
the HASP.

Implementing this SOP will require the use of compressed gases for portable meter calibration.
These gases may be hazardous materials and TRC will appropriately transport, handle and store
them at all times.

Cautions and Potential Problems

Environmental Factors

Environmental factors may influence the performance of these methods. These factors include:

1.

2.

High moisture in soil or sediment. High moisture levels in soil/sediment can limit the amount
of contaminants that volatilize into the container headspace. High moisture levels affect PID
readings more than FID readings and may cause a positive or negative bias or inconsistent
and non-comparable readings. For this reason, headspace field screening readings of aqueous
samples using a PID may not be appropriate. A water trap or filter should be used with a PID
to reduce these impacts.

A slowly increasing response on a PID may result from moisture levels interfering with
instrument measurements. Instrumentation with digital (LED/LCD) displays may not be able
to discern maximum headspace response unless equipped with a maximum hold feature or
strip-chart recorder.

High organic levels in soil or sediment and organic matter in aqueous samples. Contaminants
can sorb onto organic matter (i.e., leaves, peat), which can limit the amount of contaminants
that volatilize into the container headspace and may cause inconsistent or non-comparable
readings. The presence of organic matter in aqueous samples (i.e., microbial populations) can
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1.6.2

reduce volatilization of contaminants. High levels of organics in soil/sediment and aqueous
samples may also produce methane, a natural gas that is included in the TOV readings from
FIDs, but not recorded by PIDs. A charcoal filter may be used with an FID to remove the
methane from the vapor sample.

4. Limited pore space due to fines (e.g., clay or silt). It may be difficult to generate headspace
measurements in a tight clay matrix.

5. Meteorological variations, especially humidity and ambient temperature. Normal ambient
temperature variations could affect the amount of vapors that form in the headspace. Very
cold temperatures will limit volatilization of VOCs. Increasing ambient temperature as the
day progresses will result in more volatilization and higher readings, an effect that needs to
be considered when using the data to make decisions. PIDs may not be able to operate in
heavy rain so the Project Manager should be consulted if inclement weather is expected.

6. Background ambient levels of VOCs. Before beginning a headspace field screening program,
identify background ambient levels of VOCs. Taking these levels into account when
interpreting headspace field screening measurements will minimize the potential for false
measurements. Data may be corrected for background measurements; however, the use of
this procedure will be determined on a site-specific basis by the Project Manager.

7. Be aware of where the headspace readings are being obtained. Locations near potential
sources of VOCs, such as operating vehicles, operating generators, or air handling equipment
at a site, may contribute to transient volatile conditions and be a source of bias.

8. Certain instruments have multiple operating ranges. If the sample yields headspace field
screening results higher than the upper limit of calibration, recalibration to accommodate a
higher range may be necessary.

lonization Potentials of Contaminants of Concern

The ionization potential of the contaminant is the energy required to completely remove an
electron from its atom. In general, the ultraviolet lamp in the PID will either be 10.6 eV or 11.7
eV. When selecting the proper lamp, the ionization potential of the contaminant(s) of concern
must be less than the ionization potential of the lamp. For example, if a PID is equipped with a
10.6 eV lamp, it will generally detect compounds with ionization potentials less than or equal to
10.6 eV. For most compounds, a 10.6 eV lamp is sufficient. Refer to Attachment B for a list of
compounds and their ionization potentials. Two examples of proper lamp selection are provided
below:

Example 1: Trichloroethene: lonization potential = 9.47 eV.
Since the ionization potential is less than 10.6 eV, either the 10.6 eV or the 11.7 eV lamp could be used.

Example 2: 1,1,1-Trichloroethane: lonization potential = 11 eV
Since the ionization potential is greater than 10.6 eV but is less than 11.7 eV, only the 11.7 eV lamp could
be used.

It should also be noted that the life of an 11.7 eV lamp is considerably shorter (i.e., 1-3 months)
than that of a 10.6 eV lamp (i.e., up to 3 years).

Headspace Field Screening Procedure Page 5 of 26
Procedure No: ECR 014 Revision: 1 Effective: 01/2020
TRC Controlled Document For Information Only



{\ TRC STANDARD OPERATING PROCEDURE
I PROPRIETARY PROPERTY OF TRC — UNAUTHORIZED USE PROHIBITED

1.6.3

1.6.4

1.6.5

1.7

High Levels of Methane

If samples are suspected of containing high levels of methane (e.g., high levels of decaying
organics or sites undergoing natural or enhanced degradation), representative readings of non-
methane hydrocarbon vapors may be inhibited when using an FID. To avoid methane
interference, a PID should be used or if an FID is used, it should be equipped with a charcoal
filter on the inlet which will filter out all compounds except methane and ethane; the heavier
organic compounds are adsorbed onto the charcoal filter. Measurements can be taken with and
without the charcoal filter to determine the levels of methane/ethane in the sample and TOVs,
respectively. The use of a PID and one FID (without a filter) or two FIDs (one with a charcoal
filter and one without a charcoal filter) may be considered in order to obtain simultaneous
readings.

o Measurement without charcoal filter = TOV Concentration (including methane and ethane)
o Measurement with charcoal filter = Methane and Ethane Concentration

o Measurement without charcoal filter — Measurement with charcoal filter = Total Non-
Methane/Ethane Hydrocarbons provided that the sample only contains hydrocarbons and no
other VOCs that would be detected by the FID.

NOTE: The loading capacity (amount of hydrocarbons which can be adsorbed on the charcoal
filter before breakthrough will occur) and lifetime of the charcoal filter must be verified with the
vendor prior to use. Depending on project needs, it may be advisable to have a supply of charcoal
on hand to replace spent filter material.

Use of Headspace Field Screening Data

It is important to note that measurements obtained using portable vapor/gas detectors such as a
PID or FID are considered qualitative and semi-quantitative. This type of data is sufficient for
demonstrating the relative presence of contamination, determining “hot spots,” and using as a
guide to direct subsequent investigations. This type of field screening data cannot be used to
identify specific contaminants and should not be used to determine whether a sample is “clean.”

Use of Thermal Enhancement for Headspace Measurements

Certain compounds (e.g., xylenes and other high molecular weight VOCSs) yield a better response
when the headspace screening is performed with thermal enhancement. Thermal enhancement of
a sample can be performed using direct sunlight, a heated vehicle, a heated building, a hot water
bath, or a hot lamp. Refer to site-specific plans to determine the need for thermal enhancement.
Thermal enhancement may also be useful for headspace screening in cold weather situations.

Personnel Qualifications

Since this SOP will be implemented at sites or in work areas that entail potential exposure to
toxic chemicals or hazardous environments, all TRC personnel must be adequately trained.
Project and client-specific training requirements for samplers and other personnel on site should
be developed in project planning documents, such as the sampling plan or project work plan.
These requirements may include:

- Occupational Safety and Health Administration (OSHA) 40-hour Health and Safety
Training for Hazardous Waste Operations and Emergency Response (HAZWOPER)
workers

- 8-hour annual HAZWOPER refresher training.
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2.0

2.1

PROCEDURES

Refer to the site-specific work plan and/or Quality Assurance Project Plan (QAPP), if applicable,
for any site-specific procedures. Other state or federal requirements may be above and beyond
the scope of this SOP and will be followed if applicable. In all instances, the actual procedures
used should be documented and described in the field notes. Attachment B lists the ionization
potentials of specific compounds. Refer to Section 1.6.2 for instruction on selecting a PID with
an appropriate lamp.

Calibration Procedures

PID and FID field instruments shall be operated and calibrated to yield TOVs in ppm
volume/volume (v/v) as isobutylene for the PID and methane for the FID. In certain instances,
other gases may be appropriate for calibration. Correction of results using response factors may
be appropriate; refer to the instrument manufacturer’s manuals for the proper procedure.
Batteries of the PID and FID should be checked prior to the beginning of the field event.
Following calibration, response checks should periodically be performed throughout the day to
demonstrate the responsiveness of the instrument. These checks can be performed by exposing
the PID or FID to the tip of a Sharpie pen; the performance of this check and the presence of
instrument response must be documented in the field notes. General calibration procedures are as
follows:

PID AND FID

1. Turn the instrument on and allow it to warm up for at least 10 minutes.

2. Fill a separate tedlar bag ¥ full with zero air; depress the bag completely to expel any
miscellaneous gases trapped in the bag. Fill the bag full with zero air. Alternatively, clean
ambient air can be used instead of a tedlar bag filled with zero air.

Set the PID or FID to the appropriate zero gas Calibration Mode.

4. Attach the probe to the tedlar bag, open the bag valve, and begin the calibration mode on the
instrument. Keep the bag attached until the meter finishes the calibration. Alternatively,
expose the probe to clean ambient air until the meter finishes the calibration.

5. Fill a tedlar bag ¥ full with the isobutylene standard for the PID or the methane standard for
the FID. Depress the bag completely to expel any miscellaneous gases trapped in the bag. Fill
the bag full with the isobutylene standard (PID) or methane standard (FID). Alternatively,
the instrument can be connected directly to the compressed gas standard cylinder.

6. Set the instrument to the appropriate span gas Calibration Mode. Enter the appropriate
calibration gas concentration in the meter.

7. Attach the probe to the tedlar bag, open the bag valve, and begin the calibration mode on the
instrument. Keep the bag attached until the meter finishes the calibration. Alternatively,
attach the probe directly to the compressed gas standard cylinder, open the cylinder valve,
and begin the calibration mode on the instrument; keep the cylinder attached until the meter
finishes the calibration.

8. Calibration should be performed in accordance with the site-specific work plan, at least at the
beginning of the day. Calibration checks should be performed as necessary. Calibration
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should be checked if there is a substantial change in weather, if you have moved from an
indoor location to an outdoor location (or vice versa), or if inconsistent or non-comparable
readings are observed. The calibration check is performed using the compressed gas standard
followed by the zero air check. The measured value of the standard must be within +10% of
the true value. The zero air check should not yield a reading above background. All
calibration measurements must be recorded in the field book or on a field data form (see
Attachment A).

2.2 Field Screening Procedures

The following procedures should be followed for headspace field screening measurements of

solid and aqueous samples. For solid samples, a re-sealable plastic bag may be substituted for

clean jars; however, this depends on site-specific requirements and must be verified with the

Project Manager. Soil samples collected for field screening should not be used for laboratory

chemical analysis due to potential loss of volatile contaminants in the sample from sample

handling. Sample collection for headspace field screening and laboratory analysis of VOCs
should occur as soon as possible (i.e., preferably within minutes) after the sample is exposed to
air to minimize loss of TOVs due to volatilization.

1. Put on chemical-resistant gloves.

2. Fill a clean container one-third to one-half full with the sample to be analyzed. The type and
size of the container, as well as the amount of sample collected, should be consistent for all
samples collected at a site. See Section 1.3 for appropriate size containers for each matrix.

3. Quickly cover the open container top with one sheet of clean aluminum foil and apply the
screw cap to tightly seal the jar. Plastic bags filled with soil should be sealed.

4. Vigorously shake the jar or bag for approximately 15 seconds. Be sure that all samples are
shaken for approximately the same period of time.

5. Allow headspace development to occur for at least 10 minutes. The time allowed for
headspace development should be approximately the same for all samples; differences should
be noted. Where ambient temperatures are near or below 32°F (0°C), thermal enhancement of
the sample may be considered and modified via direct sunlight, a heated vehicle or building, a
hot water bath, a hot lamp, or similar. Site-specific conditions (e.g., sunlight, wind) may
impact the actual temperature. Otherwise, headspace development can occur at ambient
temperatures. Headspace development should not be allowed to occur so long that
condensation forms in the container.

6. Determine the background ambient level of TOVs. Record this value in the field book.

7. Vigorously shake jar for approximately 15 seconds after the headspace development period.
Be sure that all samples are shaken for approximately the same period of time.

8. Subsequent to headspace development, unscrew and remove lid to expose aluminum foil seal.
Be sure to hold edge of foil during the removal of the lid to ensure the foil seal remains in
place. Quickly puncture aluminum foil seal with instrument sampling probe, and insert probe
to a point about one-half of the headspace depth. Alternatively, for solid samples in a re-
sealable bag, partially open the seal, insert the probe into the bag, and re-seal the zipper
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3.0

4.0

around the probe. Exercise care to avoid uptake of water droplets or soil particulates into the
instrument.

9. Following probe insertion through the aluminum foil seal or into the plastic bag, record the
highest meter response as the headspace concentration. Using the aluminum foil seal/probe
insertion method, maximum response should occur between 2 and 5 seconds.

10. The headspace screening data should be recorded in the field book and/or on a field data form
(see Attachment A).

11. All headspace screening waste should be returned to the original source site location or
disposed of in accordance with Section 3.0.

INVESTIGATION-DERIVED WASTE DISPOSAL

Field personnel should discuss specific documentation and containerization requirements for
investigation-derived waste (IDW) disposal with the Project Manager.

Each project must consider IDW disposal methods and have a plan in place prior to performing
the field work. Provisions must be in place regarding what will be done with IDW. If IDW
cannot be returned to the site, consider material containment, such as a composite drum, proper
labeling, on-site storage by the client, testing for disposal approval of the materials, and
ultimately the pickup and disposal of the materials by appropriately licensed vendors.

QUALITY ASSURANCE/QUALITY CONTROL
The following procedures should be used for collecting headspace field screening measurements:
1. Operate and calibrate field instruments according to the manufacturer’s manuals.

2. Headspace measurements should be performed in duplicate on one sample each day, at a
minimum. This requires collection of two separate aliquots of sample. All procedures,
including the amount of time allowed for headspace development and the number of seconds
the containers are shaken, should be the same for each container. Ensure that both of the
containers are in the same environment during headspace development (e.g., both jars are in
the sun, both jars are in a heated car).

3. The results of duplicate samples should be compared; generally, the relative percent
differences (RPDs) of the replicate values should be <20 when readings are greater than 10
ppmV. RPDs may be higher when readings are less than or equal to 10 ppmV. If the RPD of
the replicate values is not within these criteria, make sure that the cautions and potential
problems listed in Section 1.6 were not encountered during the headspace measurements. If
none of these factors were encountered, perform a calibration check to ensure the instrument
is working properly. Document the test results as well as any performance or calibration
checks in the field book. RPD is calculated using the following equation:

RPD = Reading 1— Reading 2
(Reading 1+ Reading 2)/2
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5.0

6.0

7.0

DATA MANAGEMENT AND RECORDS MANAGEMENT

All procedures and field screening results must be documented in the field book and/or on an
appropriate field data form. Refer to Attachment A for an example of headspace field screening
results documentation. Correction of headspace measurements for background values may be
performed; the use of this procedure will be determined on a site-specific basis by the Project
Manager. Any deviations from the headspace field screening procedures specified in this SOP, a
site-specific work plan, or a site-specific QAPP must be approved by the Project Manager as well
as documented in the field book. In such cases, compelling technical justification must be
presented and documented for the methodology employed. Refer to ECR SOP 001 for field
documentation procedures.

REFERENCES
Compendium of Superfund Field Operations Methods. EPA/540/P-87/001. December 1987.

Expedited Site Assessment Tools For Underground Storage Tank Sites. EPA 510/B-97/001.
March 1997.
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Soils. MassDEP WSC-94-400. April 1994.

Commonwealth of Massachusetts Underground Storage Tank Closure Assessment Manual.
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RAE Systems, Inc. Technical Note TN-106, A Guideline for PID Instrument Response, 07/16.
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Attachment A

Example Documentation for
Headspace Field Screening Results
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Site Name

Site Location

TRC Personnel

Headspace Field Screening Log

Instrument Used (make/model)
Calibration Gas Used/Concentration
Matrix/Sampling Method

Backgroun Screening Results (ppmv) Inst tL
Sample ID Location Depth Date/Time d Reading ) ) Comments ns rumend amp
(opmV) Reading 1 | Reading2 | RPD Use

Soil Boring — 8/5/03-0700 2 24.6 25.3 2.8 South side of PID/10.2 eV
01, 2-4 excavation
Soil Boring — 8/5/03-0815 2 15 1.2 22 North side of PID/10.2 eV
02, 0-2’ excavation
ppmV = parts per million by volume
RPD = relative percent difference
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Attachment B

Photoionization Characteristics of Selected
Compounds

NR — No Response
IE — lonization Energy
C — Confirmed values (correction factors) indicated by “+” in this column; all others are preliminary or
estimated values and are subject to change
ne — Not Established ACGIH 8-hr. TWA
C## - Ceiling value, given where 8-hr. TWA is not available
TWA — Time-weighted average
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5 TRC

Technical Note TN-106

0716/VK

CASNo.  Formila
Acetaldehyde . 75-07-0 CzH:0 MR + | B + |33 + [ 10.23 C25
Acetic acid Ethanoic Acid 64-19-7 CzHs 02 NR + (22 + | 2.8 + | 10.66 10
Acatic anhydride Ethanoic Acid Anhyd ride 108-24-7 CqHe 02 MR + 61 + |20 + 1004 h
Acetone 2-Propanone G7-64-1 CaHeD [ 1.2 ¢+ 09 + | 1.4 + 9 L00
Acetone cyanohydrin 2-Hydroxyisobutyronitrile 75-86-5 CqHyND 4 + |1 5
Acetonitrile Methyl cyamde, Cyanomethane  75-05-8 CzHaN 100 12.19 40
Acetylene Ethyne 14-86-2 CaHy 21 + | 11.40 ne
Acrolein Propenal 107-02-8 CaHs O I 42 + |39 + |14 + 100 0.1
Acrylic acid Propenoic Acid 79-10-7 CaHs 07 12 + |20 + 10,60 2
Acrylonitrile Propenenitrile 107131 CaHaN NR + |12 + (10 2
Allyl aleohol 107-18-6 CaHgO 4.5 + 24 + |16 + | 967 2
Allyl chloride 3-Chloropropens 107-05-1 CaHsCl 43 07 9.9 1
Ammonia 7664-41-7  NH: NR + 109 + | 5.7 + 1016 25
Amyl acetate mix of n-Pentyl acetate & G28-63-7 CrHq4 07 1 + |23 + | 0.95 + <99 100

2-Methylbutyl acetate
Amyl alcohol 1-Pentanol 75-85-4 CsHy 0 5 10.00 ne
Aniline Aminobenzene 62-53-3 CeHyN 050 + 048 + | 0.47 + | 172 2
Anisole Methoxybenzene 100-66-3 C7Hs0 . 0.59 + 058 + | 0.56 + (821 ne
Arsine Arsenic tribydride 1764-421 AsHs | 1.9 | 9.89 0.05
Benzaldehyde 100-52-7 CrHe0 1 9,49 ne
Benzene 71-43-2 CeHe 0.55 b 047 + | 0.6 + 1925 0.5
Benzonitrile Cyanobenzene 100-47-0 CyHsN 1.6 9.62 ne
Benzyl alcohol a-Hydroxytoluene, 100-51-6 C7He 1.4 + |11 ¢ 09 + 826 ne
Hydroxymethylbenzene,
Benzenemethanol
Benzyl chloride a- Chlorotoluene, 100-44-7 C7H:Cl 0.7 + |06 + |05 + (914 1
Chloromethylbenzene
Benzyl formate Formic acid benzyl ester 104-57-4 CaHs07 . 09 + 073 + | 0.66 + ne
Boron trifluoride 1637-07-2 BF; NR NR NR 15.5 1
Bromine 1726-95-6  Bry NR +  L30 + | 074 + 105 0.1
Bromobenzene 108-86-1 CeHsBr 0.6 0.5 8.98 ne
2-Bromoethyl methyl ether 6482-24-2  CaH; 0Br 0.84 + -10 ne
Bromoform Iribromomethane 75-25-2 CHEr | MR + |27 ¢ |05 + 10,48 0.5
Bromopropane,1- n-Propyl bromide 106-94-5 CaHsBr 150 + |15 + |06 + 1038 ne
Butadiene 1.3-Butadiene, Vinyl ethylene 106-99-0 CqHe . 0.8 0.6 + |1 9.07 2
Butadiene diepoxide, 1,3- 1,2,3,4-Diepoxybutane 298-18-0 CqHe 02 75 + |35 + | 1.2 ~10 ne
Butane 106-97-8 CsHyg . L7 + | 1.2 10.53 gon
Butanol, 1- Butyl alcohol, n-Butanol 71-36-3 C4HyD 70 + |47 + |14 + 999 20
Butanol, t- tert-Butanol, t-Butyl alcohol 15-65-0 CqHy0 59 + |29 | 9,90 100
Butene, 1- 1-Butylene 106-93-9 CaHe 0.9 9.58 ne
Butoxyethanol, 2- Butyl Cellosalve, Ethylene 11-76-2 CsHu 07 1.8 + | 1.2 + 06 + <0 25
glyeol monobutyl ether
Butoxyethyl Acetate, 2- 2-Butoxyethyl acetate; 2-Butoxy- 112-07-2 CgHye 0y 1.27 + 20
ethanol acetate; Butyl Cellosalve
acelate; Butyl glycol acetate;
EGBEA; Ektasolve EB acetate
Butyl acetate, n- 123-86-4 CgHyp 0y 26 + 10 150
Butyl acrylate, n- Butyl 2-propenoate, 141-32-2 C7H1:02 1.6 v | 0.6 4 10
Acrylic acid butyl ester
Butylamine, n- 109-73-9 CaHysM 11 + [ 1.1 