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October 13, 2022

Bruce Thompson
de maximis, inc.

Re: Approval of de maximis inc. report titled Holding Basin Containment Wall and Cap Pre-
Design Investigations (the “PDI Report”) dated September 23, 2022

Nuclear Metals, Inc. Superfund Site
Dear Mr. Thompson:

EPA, in consultation with the Massachusetts Department of Environmental Protection, has
completed its review of the Holding Basin Containment Wall and Cap Pre-Design
Investigations, dated September 23, 2022. The PDI report was revised in response to EPA
comments dated August 10, 2022. The PDI Report is subject to the terms and conditions
specified in the Consent Decree (CD) for Remedial Design / Remedial Action (RD/RA) for the
Nuclear Metals Inc. Site, which has an effective date of December 6, 2019.

EPA reviewed the revisions to the PDI Report and finds that they are acceptable. Therefore, EPA
approves the PDI Report.

If there is any conflict between the Performance Standards as stated in the Work Plan and the
Performance Standards as stated in the CD and statement of work (SOW), the CD and SOW
shall control.

Please do not hesitate to contact me at nierenberg.kara@epa.gov or (617) 918-1435 should you
have any questions.

Sincerely,

Coue My

Kara Nierenberg
Remedial Project Manager
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de maximis, inc.

200 Day Hill Road
Suite 200
Windsor, CT 06095
(860) 298-0541
(860) 298-0561 FAX

September 24, 2022

Mr. Christopher Smith
Remedial Project

Manager EPA Region 1

5 Post Office Square, Suite
100 Mail Code OSRR 07-4
Boston, MA 02109-3912

Subject: Nuclear Metals, Inc. Superfund Site-Concord, Massachusetts

Response to Comments on Holding Basin Containment Wall and Cap
Pre-Design Investigations Report

Dear Mr. Smith:

The purpose of this letter is to provide our response to the comments received on
August 10, 2022 on the Report titled Holding Basin Containment Wall and Cap Pre-
Design Investigations (PDI) Report dated December 23, 2021. Each comment is
included below, with a response following each comment accordingly.

General Comments

1. A description of the design process would help clarify how the PDI data will be
used in the design phase. Specifically, describe how with the kinematic
stability analysis and seepage analysis will inform the mix selection process
and testing. As stated below a list identifying the major design criteria would
be helpful. Established criteria values should be presented. If specific values
are not yet established, then present the point in the design process when the
criteria values will be established.

Response: The design process and specific details of the design criteria are
provided in Sections 2.2 and 5.1 of the text.

2. When noting that a specific number of borings/wells were completed (e.g.,
“Drilling of six (6) investigation borings”), please edit the bullet points to include
the names of the borings/wells completed (or figure/table reference) for each
investigation item to help the reader orient themselves to the work completed.
For example, state “Drilling of six (6) investigation borings (locations HA20-

Albany, NY - Allentown, PA — Clinton, NJ — Greensboro, GA — Knoxville, TN — Irvine, CA
San Diego, CA — Sarasota, FL — Houston, TX — Windsor, CT — Waltham, MA
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CMT-1 through HA20-CMT-6).”

Response: Comment noted, and changes were made throughout the document
to clarify.

Specific Comments

3. Section 2.3, Page 4, Table. The Pre-design Investigation (PDI) Scope
presented in the Table does not match the PDI Scope presented in the
Remedial Design Work Plan — Appendix C (September 2020) (RDWP).
Specifically, the RDWP for PDI HB-3 calls for bench scale testing of up to five
containment wall mix designs and test on bentonite slurry, but the PDI only
includes a literature survey of concrete mix performance. Please clarify this
scope change in Section 2.3.

Response: A scope change explanation has been added to Section 2.3.
Feedback from the agencies on the hydraulic conductivity requirements
summarized in Appendix E, PDI HB-5, is necessary before selecting mix
designs for hydraulic conductivity testing. Each of the concrete mix designs
summarized in Appendix C, PDI HB-3, is targeted for a hydraulic conductivity of
approximately 1 x 108 to 1 x 10 centimeters per second (cm/s) or less.

4. Section 3.1, Page 6. The fourth (and last paragraph) of this section discusses
the exclusion zone created surrounding the drill rig and has conflicting
statements. The second sentence states the exclusion zone was accessed
“only [by] the driller and driller’s helper”; however, the following sentence states
the field geologist and RSO personnel also accessed the exclusion zone.
Please clarify the text.

Response: Clarifying text has been added to Section 3.1.

5. Section 3.5, Page 8. In paragraph four, please update the text to include the
analytical methods performed for each of the samples submitted for analysis
to Alpha Analytical Labs.

Response: Analytical methods used by Alpha Analytical and GEL Laboratories
have been added to Section 3.5.

6. Section 5, Page 10. It is not clear how the specific PDI data will be used to
form the design basis for the holding basin containment. A table listing
specific design criteria (e.g., lithology, soil strength, permeability), and data
sources (e.g., PDI boring, lab test, empirical relationship, literature values)
that have been developed from the PDI and will be used in 30% Design
calculations, modeling, and analysis would be helpful.
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10.

Response: The geotechnical, seismic, and hydrogeologic data and associated
field explorations are summarized in Appendix A, HB-1. Explanations are
provided within that appendix to describe how the data support specific design
criteria. Additional detail on which data sources and design criteria are provided
in each PDI report, Appendices A HB-1 through E HB-5, has been added to
Section 5.1.

Figure 1. The legend on Figure 1 labeled the locations of test pits, soil borings,
geophysical borings, observation wells, and historical observation wells as
“approximate” (e.g. “designation and approximate location of soil boring”).
Section 3.6.2 (Following Processing) stated that “all completed soil sampling
locations were surveyed by a professional land surveyor”. Please confirm
whether samples shown on Figure 1 are the actual, surveyed locations and
update the figure as needed.

Response: Locations of soil borings, geophysical borings, observation wells,
and historic wells were surveyed. Locations of test pits are approximate and
based on the proposed locations shown in the plans. The Figure 1 Legend
wording has been changed to remove the word “approximate,” and a note was
added for the test pits.

Figures 2 through 6. The material types shown within the boring legend (fill,
ice contact deposits, glacial till, quartz diorite, granite) are very hard to read.
Please add a separate section to the legend that includes larger examples of
each material type.

Response: A separate, larger legend item has been added to define the
different geologic layers.

Figures 3, 4, 6. The proposed cut-off wall depth alternatives are not shown
on these figures. Please revise each figure to show the proposed bottom of
the cut-off wall to be consistent with Figures 2, 5, and 7.

Response: Figures 2, 5, and 7 have been updated to show the cut-off wall
depth alternatives.

Figure 4. The HA20-GP-104 boring shows a granite seam around
elevation 72 feet; however, this is not noted on the field logs. Please
review and revise as necessary.

Response: The HA20-GP-104 boring log at elevation 72 ft has a description for
“Bedrock cored is consistent with adjacent boring HA20-GP-105.” The HA20-
GP-105 boring log notes Acton Granite from 110.5 ft to 112.7 ft bgs, at elevation
72 ft. The granite seam shown in HA20-GP-104 is from the HA20-GP-105 log.
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11.

12.

13.

14.

15.

Appendix A, Section 2.1, Page 2. Please define “PQ".

Response: PQ is a core barrel designation that is part of the Roschen™
Genuine Q wireline system. The P indicates the diameter of the core, and the Q
indicates the wire line drilling. A short description was added to Section 2.1.

Appendix A, Section 2.1, Page 2. Exhibit HB1-1 includes a Standard
Penetration Test (SPT) energy measurement calibration. Please summarize
this activity in Section 2.1 and describe how the results were or will be utilized
to correct the SPT N-values. If corrected N-value are to be used, please
describe the process for selecting the correction factors.

Response: A description of the SPT energy measurement calibration has been
added to Section 1. Corrected N-values were not used in the evaluation of the
relative densities and consistencies of the materials encountered.

Appendix A, Section 2.5, Figure HB1-1, Page 6 and Section 4.4, Figure
HB1-2, Page

The in-text figures are blurry and hard to read. Please remove the figures from
the text and add them to the end of Appendix A in a Figures section. Also, it
would be helpful to show the proposed alignment of the containment wall on
this figure HB1-1.

Response: The embedded Figures were removed from the main text and
included at the end of the text section accordingly.

Appendix A, Section 4.1.1, Page 7. The HB-1 PDI scope calls for collection
and analysis of 15 soil samples for grain size distribution from the borings
along the containment (CMT 1-6). Were these analyses completed? Exhibit
HB-1 provides 12 grain size analyses from boring B-101 through 104 but these
appear to be related to PDI HB-4. Please clarify.

Response: The HB-1 PDI work plan specifies that geotechnical laboratory
testing will include up to 15 grain-size distribution tests of overburden soil
samples. Due to the consistency observed in the soil conditions, only 12 grain-
size distribution tests were conducted, and results are summarized in Exhibit
HB1-4. An explanation was added to Section 4.1.1.

Appendix A, Section 4.1.1, Page 7. It is not clear how observed soil texture
and Standard Penetration Test (SPT) results are used to identify the lithology
contacts presented in Figures 2 — 7. Please provide a summary of the
Standard Penetration test results (e.g., corrected N-value range and average)
and observed Unified Soil Classification System (USCS) texture(s) for each of
the overburden layer (i.e., fill, ice contact deposits, flow till and glacial till).
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Given that location of the glacial till contact will be a key design criteria for the
containment performance, please describe variation in texture and N-value
range that generally differentiates the glacial till from the overlying ice deposits.
Please describe the differences in the flow till and glacial till and how those
differences may impact containment performance.

Response: Subsurface information from additional explorations, planned to be
completed during the remedial design process, will be used to better
differentiate between the glacial till, flow till, and the overlying ice deposits.

16. Appendix A, Section 4.1.2, Page 7. For completeness, please include a

summary discussion of the Rock Quality Designation (RQD) results observed in
the borings.

Response: Text has been added to Section 4.1.2 summarizing the RQD
observations.

17. Appendix A, Section 4.2.1, Page 8. Please define/label the difference

table.

between the two rows of “Bower-Rice” estimated hydraulic conductivities
shown for each well.

Response: A footnote to clarify the differences was added to the summary

18. Appendix A, Section 4.2.2, Page 8. Please define/label the difference

between the two rows of “Hantush-Jacob” estimated hydraulic transmissivity
and hydraulic conductivities shown for each well.

Response: A footnote to clarify the differences was added to the summary

table.

19. Appendix A, Exhibit HB1-1. The borehole logs state the coordinates, top of

PVC casing were not surveyed; however, Section 3.6.2 of the report text states
that “all completed soil sampling locations were surveyed by a professional
land surveyor”. Please clarify.

Response: The coordinates, top of PVC, and top of casing were surveyed.
Elevations were added to the borehole logs.

20. Appendix A, Exhibit HB1-1. The geologic material type shown on the Boring

Log and Well Completion Reports in the stratigraphy column are inconsistent
between boring logs. Please review and edit as needed.

Response: The boring logs and CMT logs have been updated.
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21.

22,

23.

24,

Appendix B, Section 2.0, Page 1. A kinematic analysis to determine
seismically induced wall bending moments was not performed as part of this
PDI as stated in the text. Section

5.1 states that this analysis will be completed at some point in the future. Please
clarify.

Response: Subsurface information from additional explorations, planned to be
completed during the remedial design process, will be used to develop the
required wall depths and width during that phase. The kinematic analysis for the
wall will be performed during the 95% design phase to evaluate the wall depths
and width determined during the 30% RD.

Appendix B, Section 5.1, Page 5. Given that the wall mix design/composition,
thickness, and depth will be strongly dependent on the kinematic analysis,
please provide a description of the process and inputs required to complete the
kinematic analysis. Will a finite element model (e.g., Plexus, Sigma/W) be
used? Are there inputs (i.e., elastic modulus, tensile strength) that also need to
be considered in the mix selection and mix study? Please address.

Response: A finite element model (Plaxis) will be used to evaluate the wall
behavior under dynamic loading from the design earthquake. Soil and wall
properties including moduli, strength, unit weight, and others will be developed
based on site-specific explorations and laboratory testing. Containment wall
backfill properties (including elastic modulus) used in the model will be based on
compressive strength determined during bench-scale testing. Tensile strength of
concrete will not be measured, as reinforcement will be required if the concrete
backfill will be placed in tension due to bending during dynamic loading.

Appendix B, Section 5.1, Page 5. The text refers to backfill strength.
Please clarify if backfill is anticipated during wall construction.

Response: Additional detail has been added to Section 5.1. For clarification,
backfill for the wall will be the proposed mix identified to meet the design criteria.
In all likelihood, it will be a mixture of Portland cement, bentonite, and other
materials. The wall will be constructed under slurry with 100% replacement of
the excavated material.

Appendix C. The pilot scale bench study for concrete mixes for the
containment wall was not completed as planned in the PDI WP. The text states
that no laboratory testing was done as part of this PDI. The information
presented does not include clear references of where the proposed mix
designs come from and how they are similar or different from anticipated
conditions at the Holding Basin. Please explain why a bench scale laboratory
test was not performed to test specific mixtures and provide additional
information on the mix designs presented in Section 4 (Results) and Exhibit



Vv

de maximis, inc.

25.

26.

27.

HB3-1.

Response: An explanation has been added into Section 1. Agency review and
confirmation of hydraulic conductivity requirements summarized in Appendix E,
HB-5 Seepage Analysis, is necessary before selecting mix designs for hydraulic
conductivity testing. Each of the example concrete mix designs summarized in
Appendix C, HB-3, is targeted for a hydraulic conductivity of approximately 1 x
108 to 1 x 10® cm/s or less.

Appendix C, Section 2.1, Page 1. Please clarify if material flexibility and
longevity were considered in the evaluation of mixture additives.

Response: In Section 2.1, flexibility and longevity were stated as parameters
considered in the evaluation of mixture alternatives. Plastic concrete was
selected for its flexibility and ability to reduce brittleness in the Holding Basin
wall. The ROD specifies that “the containment wall and cover will be constructed
to be maintained for a minimum of 200 years.” Longevity details have been
added to Section 2.1.

Appendix C, Section 2.1, Page 1. It is unclear how many case studies were
evaluated to identify potential mix proportions. Were mix designs from eight
different sources considered as listed in the text? There only appear to be
results for 7 mixes presented in Exhibit HB3-1.

Response: Multiple mix designs were considered in the literature review
process. Some mix designs did not present permeability and strength results or
did not provide clear constituent proportion information; therefore, they were not
included in Exhibit HB3-1. The seven mix designs presented in Exhibit HB3-1
were reviewed in greater detail based on how closely the site conditions
corresponded with the Holding Basin wall conditions. The number of mix
designs presented in Exhibit HB3-1 was corrected from eight to seven in Section
2.1. The strength and permeability results were also considered when narrowing
down the mix designs. An explanation has been added to Section 4.1.

Appendix C, Section 2.2, Page 2. Please provide additional details. How will
permeability be measured in subsequent testing? Is strength defined as
compressive strength? Do criteria for tensile strength need to be considered?
Do stress\strain relationships need to be developed for the kinematic
analysis? Are there tests that would differentiate potential for shrinkage and
tension cracking of the design mix?

Response: Permeability of bench-scale samples will be measured in general
conformance with ASTM D5084 (Standard Test Methods for Measurement of
Hydraulic Conductivity of Saturated Porous Materials Using a Flexible Wall
Permeameter).
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28.

29.

30.

Strength of the concrete will be defined as compressive strength. Tensile
strength will not be measured, as reinforcement will be required if the concrete
backfill will be placed in tension due to bending during dynamic loading. If
necessary, standard reinforcement will be used, and the industry standard
values will be used for the properties. Stress/strain behaviors will be developed
in the compressive testing of the concrete (either by laboratory measurement of
strain or use of empirical relationships based on compressive strength).
Shrinkage will be evaluated with the ASTM C157 method. If necessary,
reinforcement will be included to reduce the risk of tension cracks using
standard design ACI methods.

Appendix C, Section 2.2, Page 2. Please provide the specific properties that
differentiates “plastic concrete” from “conventional concrete”.

Response: A concise summary of plastic versus conventional concrete was
provided at the beginning of Section 4.1 and additional details were added.
Plastic concrete consists of aggregate, cement, water, and bentonite mixed at
high water to cement ratios, whereas conventional concrete does not typically
include a substantial percentage of bentonite. Plastic concrete is more ductile
than conventional concrete and has a higher resistance to deformation. Plastic
concrete was selected as a focus for research on the Holding Basin mix design
as it is a mixture with the potential to reduce permeability as well as decrease
cracking and brittleness.

Appendix C, Section 4, Page 3. Please describe the literature review process
and why the search was narrowed to the mixes presented in Exhibit HB3-1.

Response: See response to Comment 26. Additional information on how the
search was narrowed down to seven mix designs has been added to Section
4.1.

Appendix C, Section 4.1, Page 3. Please clarify the definition of “Cement
Factor”. Is it the ratio of cement to bentonite or is it the weight of cement and
bentonite divided by the volume of concrete? Are the percentages of cement
(4% to 12%) and bentonite (0% to 6%) the weight of cement and bentonite to
the weight of concrete (including water)? Please define “coarse” and “fine”
aggregate.

Response: The cement factor is equivalent to the weight of cement plus the
weight of bentonite per cubic yard of plastic concrete. The equation for the
cement factor under Definition 1 in the Assumptions and Definitions section of
Exhibit HB3-1 has been adjusted to clarify the definition. The percentages of
cement and bentonite are by weight in dry form, and water has its own
percentage by weight in the calculation package. According to the Portland
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31.

32.

33.

34,

Cement Association, the fine aggregates generally consist of natural sand and
crushed stone (Particle size passing through 3/8-inch sieve) and coarse
aggregates are any particles greater than 0.19-inch. Coarse and fine aggregate
differentiation differs between mix design studies. However, the Plastic Concrete
Cutoff Walls for Earthen Dams study stated that masonry sand and %-inch well-
rounded gravel were used as aggregates.

Appendix C, Section 4, Page 3. A summary and discussion of the results
from the seven mixes (identified in the literature search) would be helpful. A
discussion of how these projects relate or differ from the Holding Basin
containment would also be helpful.

Response: An embedded table has been added into Section 4.1 which provides
a short discussion of the mix designs presented in the calculation package and
comparison to the Holding Basin Containment site conditions. The order of mix
designs in the Section 4.1 table corresponds to the table in Page 3 of the
calculation package.

Appendix C, Exhibit HB3-1, Pages 1. Please define what the subscript
numbers are that are included after some of the text in the first column (Wall
Mix Design) of the table.

Response: The subscript numbers on the wall mix designs correspond to the
Reference number from the list in the Calculation Sheet. Reference 1, Plastic
Concrete Cutoff Walls for Earth Dams, contained multiple mix designs. A note
has been added beneath each table clarifying the subscript number meaning.

Appendix C, Exhibit HB3-1, Page 1. Is “Cement Factor” equal to pounds of
cement divided by pounds of concrete or cubic yards of concrete? Does the
numerator also include the pound of bentonite? The is a typographical error
“‘Benton=ite”. Please clarify what the “Bentonite Percentage (in Cement
Factor)” equals? Does this mean that 40% of the dry reagents (i.e., cement
and bentonite) are bentonite?

Response: The cement factor is equivalent to the weight of cement plus the
weight of bentonite per cubic yard of plastic concrete. The equation for the
cement factor under Definition 1 in the Assumptions and Definitions section has
been adjusted to clarify the definition. The typographical error has been fixed.
The bentonite percentage is the percentage of cement factor, by weight, which
is bentonite. An equation was added under the Assumptions and Definitions
section for the bentonite percentage as it relates to the cement factor. The
bentonite percentage indicates that the weight of bentonite comprises 40% of
the total weight of cement and bentonite in the cement factor value.

Appendix C, Exhibit HB3-1, Page 2 and 3. The sheet title is “Groundwater
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35.

36.

37.

38.

39.

Velocity Calculation”. Are the strength values for rows 1 and 2 unconfined
compressive strength?

Response: The sheet titles have been corrected. The strength values located in
Rows 1 and 2 of the table on Sheet 3 are shear strength values and that detail
has been added to the table.

Appendix C, Exhibit HB3-1, Page 3. The word “concrete” is misspelled in
the last row of the table.

Response: The spelling has been corrected.

Appendix D, Section 4.3.1, Page 6. Photographs of the test pits should be
included as an attachment/exhibit to this report.

Response: Available test pit photographs and photographs of the Gabion Wall
have been compiled as an attachment.

Appendix D, Section 4, Pages 7 and 8. Please provide supporting
information used to develop the soil input perimeters (e.g., density, drained
strength, undrained strength) that will be used in the Slide2 simulations. What
were the specific N-values assigned to each layer? Were the N-values
corrected and how were they averaged across the layer thickness? What
specific empirical correlations were used to develop the perimeters from the N-
values?

Response: Additional detail added to Section 4.4.1. Given the variety of the N-
values in each major stratum and the high efficiency of the hammer, strength
parameters were assigned to layers with similar densities and consistencies in
the major strata as observed during the field explorations. The parameters
developed for the design are described in HB-4.

Appendix D, Section 5, Pages 7 and 8. Please describe how pseudo static
slope stability analysis will be conducted using input as described in Appendix
B. What minimum factor of safety will be used for the pseudo static simulation?
Will this pseudo-static simulations be conducted for both the “long term” and
“short term” conditions?

Response: Sections 5.1 and 5.2 were updated to provide clarification of the
analysis to be conducted.

Appendix E. The seepage analysis only includes calculation sheets. Given
the importance of the seepage analysis to the wall design, please provide a
narrative describing the analysis. Is the model presented a preliminary
simulation with more detailed analysis to be conducted in the design-phase?
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Please describe the software and required inputs and boundary conditions.
Please describe how the aquifer properties were selected. How do the
hydraulic conductivity values shown on the calculation sheet compare to
results from Appendix A? How was the model calibrated? The calculation
sheet shows simulated water levels and observed water levels (March 2021)
on a single cross section, but a more comprehensive calibration is not
provided. For completeness, please provide a description of the process for
sensitivity\parametric analysis.

Response: The PDI narrative is included herein with the specific details on the
model calibration and sensitivity analyses conducted. A summary table of the
sensitivity/parametric analyses completed is attached to the calculation package
and is referenced in the PDI narrative.

40. Appendix E, Section 5, Page 5. The first paragraph of this section suggests
that the design will only consider 2 design scenarios (shallow wall that is
keyed 10 ft into till or deep wall that is keyed 5 ft into bedrock). Please clarify
and edit text as necessary.
Response: The text and figures were updated and clarified as necessary.

41. Appendix F. This appendix is missing. Please provide the laboratory reports
in the final version of the report.

Response: Laboratory reports have been compiled for Appendix F and they will
be provided in the final version.

Please contact me if you have any questions,

Sincerely,

Bruce Thompson

Project Coordinator

Enclosure

cc: Garry Waldeck, MassDEP
Settling Defendants
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Windsor, Connecticut 06095

Attention: Bruce Thompson

Subject: Nuclear Metals, Inc. (NMI)
Draft Holding Basin Containment Wall and Cap Pre-Design Investigation
Evaluation Reports
Concord, Massachusetts

Ladies and Gentlemen:

The purpose of this letter is to transmit our initial draft of the Holding Basin (HB) Pre-Design
Investigation (PDI) Evaluation Reports. The planned scope of work for these PDIs involved conducting
test borings, groundwater sampling, and hydraulic testing of the subsurface soils and bedrock to better
define the geotechnical engineering properties of the subsurface soils and bedrock within and around
the Holding Basin. The Remedial Investigation was sufficient in its completeness to delineate the
subsurface conditions along the proposed containment wall alighment and to define the soil properties
within the footprint of the HB to design the containment wall and cap system anticipated to meet the
Record of Decision (ROD) requirements for the remedy. As required by Section 3.3(a) of the Statement
of Work (SOW), PDI Work Plans (Work Plans) were prepared and submitted to United States
Environmental Protection Agency (EPA) in March 2020 to obtain the information (i.e., address data
gaps) needed to complete the remedial design by conducting additional field investigations. EPA
approved the PDI work plans in October 2020. PDI field activities were implemented between October
2020 and October 2021.

In accordance with Section 3.3(b) of the SOW, PDI Evaluation Reports have been prepared for the three
remedial components (Site-wide Soils and Sediments, in-situ stabilization [ISS], and HB Containment).
This report provides the five PDI evaluation summaries (HB-1 through HB-5) for the Holding Basin
Containment Wall and Cap.
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Please feel free to contact us should you have any questions or if you need additional information.

Sincerely yours,
HALEY & ALDRICH, INC.

'%//2’ '(S:)'W-\(_,(‘l

Mark D. Kelley, P.E. (M Timothy Crowl, P.E. (MA)
Senior Hydrogeologist Associate
Enclosures

\\haleyaldrich.com\share\bos_common\131884-NMI\PDI Summaries\Holding Basin\2022-0920 Documents for Final Portal Upload\2022-0920-PDI Summary
HB_Summary Document-D10.docx
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1. Introduction

On 17 October 2019, the United States Environmental Protection Agency (EPA) lodged a Consent Decree
(CD) with the United States District Court for the District of Massachusetts Eastern Division in
connection with Civil Action No. 1:19-cv-12097-RGS. The CD was entered by the Court on 6 December
2019. The CD and the Statement of Work (SOW) provided as Appendix B to the CD describe the
Remedial Design/Remedial Action (RD/RA) activities to be performed for the Nuclear Metals, Inc. (NMI)
Superfund Site (Site) in Concord, Massachusetts. The RD/RA activities are to be undertaken by the
Settling Defendants (SDs) to the CD, with funding contributions from the Settling Federal Agencies
(SFAs).

To efficiently implement the remedy, the work will be divided five RA projects. RA Projects 1) through 4)
below are outlined in Section 1.4 of the SOW. The need for RA Project 5) was identified during the
Groundwater Non-Time-Critical Removal Action (NTCRA). The five RA projects are:

1) excavation and off-site disposal of contaminated sediments, underground drain lines and debris,
and non-Holding Basin (HB) soil, or “Site-wide Soils and Sediments” (SSS);

2) in-Situ Stabilization (ISS) of depleted uranium (DU) in HB soil and of DU and natural uranium in
overburden and bedrock groundwater or “ISS;”

3) containment of HB-stabilized soil with a low-permeability vertical wall and horizontal sub-grade
cover or “HB Containment;”

4) hydraulic containment and ex-situ treatment of volatile organic compounds (VOCs) and 1,4-
dioxane in overburden groundwater; and

5) hydraulic containment and ex-situ treatment of volatile organic compounds (VOCs) and 1,4-
dioxane in bedrock groundwater.

The Remedial Investigation (RI) was sufficient in its completeness to delineate the nature and extent of
contamination such that risks to human health and the environment could be quantified and remedial
decisions could be made. However, the Rl was not intended to provide all of the information necessary
to design a remediation. Therefore, as required by Section 3.3(a) of the SOW, Pre-Design Investigation
(PDI) Work Plans (Work Plans) were prepared and submitted to EPA in March 2020 to obtain the
information (i.e., address data gaps) needed to complete the remedial design by conducting additional
field investigations. EPA approved the Work Plans in October 2020. PDI field activities were
implemented between October 2020 and October 2021.

In accordance with Section 3.3(b) of the SOW, PDI Evaluation Reports have been prepared for the three
remedial components (Site-wide Soils and Sediments, ISS, and HB Containment). This report provides
the five PDI evaluation summaries (HB-1 through HB-5) for the Holding Basin.

11 PERFORMANCE STANDARDS

The Record of Decision (ROD) provided Remedial Action Objectives (RAOs), which are medium-specific
goals that define the objective of remedial actions to protect human health and the environment. RAOs
specify the chemicals of concern (COCs), potential exposure routes and receptors, and provide a general
description of what the cleanup will accomplish. The RAO that is relevant for the majority of the HB
remedial design and related PDI work is:
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Prevent migration of DU/uranium from soils in the Holding Basin that would result in
groundwater concentrations exceeding ARARs [Applicable and Relevant Requirements];

An additional RAO is also relevant to the stability analyses conducted as part of HB-4 that will be used
for the Sphagnum Bog and Cooling Pond remedial actions:

Protect ecological receptors from exposure to contaminants (PCBs, copper, mercury, and lead) in
sediments indicative of adverse effects at the Sphagnum Bog while maintaining the physical and
ecological integrity of the bog.

The ROD specifies that the remedy must include containment of the stabilized soils with a low-
permeability vertical wall and horizontal cover to isolate the stabilized soil and limit mobility of
contaminants through groundwater. In addition to meeting the groundwater ARARs as noted in the
RAQ, the remedy must also meet the Nuclear Regulatory Commission regulation 10 Code of Federal
Regulations (CFR) Part 40, Appendix A, Criterion 6(1), which is considered an applicable ARAR. As
described in the Remedial Design Work Plan (RDWP), the relevant aspect of this ARAR is that the
containment wall and cover will be constructed to be maintained for 1,000 years to the extent
reasonably achievable and in any case for a minimum of 200 years. This means the containment wall
will also need to be designed to withstand a design earthquake.

The activities conducted as part of PDI HB-1 through PDI HB-5 were intended to provide data to support
a design that will meet the standards described in the ARARs.

1.2 DOCUMENT ORGANIZATION

The HB PDI Evaluation Report includes:

e asummary of the PDI scope and objectives (Section 2)

e asummary of the PDIl implementation activities (Section 3)

¢ documentation of data management and validation (Section 4), and
® next steps in the remedial design process.

Appendices A through E provide documentation of the PDI activities for HB-1 through HB-5, respectively.

2. PDI Objectives

This Holding Basin (HB) Pre-Design Investigations (PDI) Summary Document provides a brief review of
the various site areas, objectives and scopes of the work associated with the completed HB PDI
investigations. This document also provides a summary of implementation procedures conducted
during PDI activities, which were performed consistently over multiple HB activities. Haley & Aldrich,
Inc. (Haley & Aldrich) completed the work in accordance with the RDWP and all appendices, including
the Work Plans, the Field Sampling Plan (FSP), and the Quality Assurance Project Plan (QAPP).

More detailed descriptions of individual HB PDI activities completed, included location identifications

and associated investigation results, and remedy design considerations are provided in the attached HB
appendices.
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2.1 HB-1 HOLDING BASIN GEOTECHNICAL INVESTIGATIONS — SOIL AND BEDROCK

The objective of PDI HB-1 was to collect geotechnical and hydrogeologic data at the HB to support the
design of the containment wall. Details of the investigations and results for this PDI are included in

Appendix A.

AREA OF
INVESTIGATION

Holding Basin

PDI OBJECTIVES

Collect geotechnical,
seismic, and hydrogeologic
data necessary to design a
containment wall that
prevents depleted uranium
(DU) from migrating
downgradient and meets the
applicable or relevant and
appropriate requirements
(ARARS).

PDI SCOPE

Boring installation along the alignment of the cutoff wall into
bedrock to evaluate soil density and bedrock characteristics by
conducting standard penetration tests (SPTs) throughout the
overburden of each of these borings, and coring bedrock for
laboratory testing to aid in the design of the containment wall
and construction methods.

Borehole geophysics to evaluate water bearing zones and
bedrock fracture orientation.

Installation of continuous multi-level tubes (CMTs) to gain multi-
level piezometric head and groundwater quality information to
support hydraulic design of the containment wall and evaluating
ARARs.

Observation wells (OWs) installation within bedrock boreholes
located adjacent to the deep CMTs to allow for slug testing and
short duration pumping to observe response in CMTs and other
OWs.

Geotechnical Laboratory testing: grain size tests on overburden
soils, compression strength tests on rock core, and Cerchar
Abrasivity tests on rock core.

Conduct research on pump house foundation and utility
alignments into pump house and conduct test pits to confirm
utilities and structures (i.e., pump house slabs) that may need to
be removed to enable wall construction or other adjacent
remedial actions.

2.2 HB-2 SEISMIC ANALYSIS FOR CONTAINMENT WALL

The objective of this PDI was to collect information on seismic conditions to support the design
requirements of 10 CFR Part 100 as well as 10 CFR Part 40. Based on 10 CFR Part 100, the closure
remedy will be designed to withstand the Safe Shutdown Earthquake (SSE), including an assessment of
the potential for surface deformation and faulting, liquefaction potential, and stability of the adjacent
slope extending downward to the bog. This analysis will be conducted as part of the 30% RD and
presented with the proposed containment wall design and cap design.

Details of the investigations and results for this PDI are included in Appendix B.
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AREA OF
INVESTIGATION

PDI OBJECTIVES ‘ PDI SCOPE

e Drill six bedrock boreholes for cross-hole geophysics, forming
two sets of 3-hole arrays for the geophysics.

e Field shear wave measurements using cross-hole geophysical
methods to characterize soil and bedrock to support the
probabilistic seismic analysis to meet seismic design
applicable or relevant and appropriate requirements
(ARARs).

e Conduct seismic analysis, determine design loads for
containment wall in accordance with ASCE-7 design
standards, and perform structural design of wall to resist
design earthquake.

Conduct Seismic Evaluation for

Holding Basin Holding Basin Wall Design

23 HB-3 BENCH SCALE TESTING OF SLURRY AND CONTAINMENT WALL MIX DESIGNS
The objective of this PDI was to evaluate potential containment wall mix designs.

AREA OF ‘

INVESTIGATION PDI OBJECTIVES ‘ PDI SCOPE

e Identify potential type and percentage of
bentonite to be used in slurry for temporary
support of excavated panels for containment
wall

Identify mix design information in
support of a performance-based
specification for the barrier wall

Holding Basin construction. Assist contractors with
selection of materials and mix designs as
they prepare bids for barrier wall
construction.

e  Evaluate potential concrete backfill mix designs
to satisfy minimum required permeability and
strength criteria

e  Evaluate mix design materials and their
potential interactions with radiologically
impacted media

Hydraulic conductivity is a critical aspect of the containment wall design, and information is needed on
the ranges of hydraulic conductivities achievable using slurry wall construction methods with different
mix designs. The mix designs will also be used to verify that the design will meet the required changes to
depleted uranium migration in groundwater over the time frame stipulated in 10 CFR Part 40.

Agency review and concurrence on proposed hydraulic conductivity requirements summarized in
Appendix E, HB-5 Seepage Analysis, is necessary before finalizing mix design selections and completing
hydraulic conductivity testing. As such, a literature review of types of mixes and range of hydraulic
conductivity achieved is included within this report but laboratory testing on the proposed mix designs
has not yet been conducted.

Details of the literature review and recommendations for the mix designs to be tested for completion of
this PDI are included in Appendix C, HB-3 - Slurry Wall Mix Designs for Bench Scale Testing .

24 HB-4 COVER DESIGN AND SLOPE STABILITY ANALYSIS
The purpose of this PDI was to investigate the geotechnical properties of sloped areas of the site under
existing conditions and future conditions with conceptual level future grading of the HB and Landfill

areas. Existing slopes in some areas of the site pose risk for slope failure or limit access for equipment
during investigatory activities and future remedial activities, including around the HB, the Cooling Pond
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(including the gabion wall at the northern end), and the Sphaghum Bog. Maintaining stable slopes with
adequate safety factors is critical for executing the selected remedial actions outlined in the ROD.

Details of the investigations and results for this PDI are included in Appendix D.

AREA OF
INVESTIGATION PDI OBJECTIVES PDI SCOPE

e  Complete up to four borings into Holding Basin to collect geotechnical
data necessary for cover system design.

e  Complete hand probes to determine organics thickness within
Sphagnum Bog, and soft sediment thickness of sediments in Cooling

Pond.
Holding Basin e  Complete hand probes along slopes adjacent to the Holding Basin and
Cover and Side Cooling Pond to evaluate near surface soil conditions.
Slopes of Cooling | Cover Design and e  Collect field vane shear measurements on organics located within the
Pond and Slope Stability Analysis bog.
Sphagnum Bog e  Complete two test pits behind the gabion wall south of the Cooling
Areas Pond to evaluate the wall cross-section.

e  Conduct plumbness survey of the gabion wall face at up to two
transects.

e  Conduct slope stability analysis for proposed finished grades of Holding
Basin Cap and adjacent side slopes, and side slopes adjacent to bog and
Cooling Pond.

2.5 HB-5 SEEPAGE ANALYSIS

The purpose of this PDI was to evaluate the various alternative containment wall design depths and the
resulting seepage potential within the overburden and bedrock aquifers. The analysis and results from
this PDI will be used to inform the design of the hydraulic and physical properties of the proposed
containment wall. The analysis presented in this PDI includes evaluating the containment wall keyed
into glacial till or bedrock. The analysis includes several variations to the wall depth and thickness to
determine the appropriate range of design parameters for the wall to meet the design criteria.

Details of the investigations and results for this PDI are included in Appendix E.

AREA OF
INVESTIGATION SRIDEIECLINES PDI SCOPE
e  Setup SEEP/w model with overburden and bedrock aquifer
C let Ivsi geometry using hydraulic conductivity values from Geosyntec
¢ omple etsehe;:jage F’ma ysis calibrated groundwater flow model as well as data gathered in
Holding Basin 0 evaluate hydraulic PDI HB-1.

properties of wall and

determine depth of wall e  Conduct parametric seepage modelling on proposed wall

depths and wall hydraulic conductivity to refine design
parameters of containment wall.
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3. Implementation Summary
3.1  ACCESS

PDI work was conducted within several site areas, and across varying field conditions, some of which
were challenging to access. Conditions at sampling locations included the following: wooded uplands,
steeply sloped wooded areas, at the bottom of steep slopes, areas adjacent to wetland, in wet areas
along wetland fringes, within wetlands with soft sediment present, and near areas of standing water.

Prior to sampling, each proposed sampling location was located either using a hand-held GPS unit or by
Feldman Surveyors, the project survey team, and each location was reviewed for access and general
field condition considerations. Pre-decontaminated (“clean”) or new sampling equipment, supplies,
glassware, etc. was mobilized to each sampling location, either carried by hand or transported using a
wagon sled or using a field vehicle depending on accessibility. Routes to proposed sampling locations
were reviewed to follow general project guidelines related to different zones to be established at the
site (e.g., Contaminated Soil Zone, Contaminant Reduction Zone, etc.). Actual routes and paths through
wooded areas were determined to most safely access each sampling location, with least disturbance to
the surrounding area. Very limited clearing such as clearing of branches, brush, leaves, etc. was
necessary to access some the locations and to create individual sampling areas. Disturbance to surficial
soils was limited.

If applicable, all equipment and tools which entered the restricted area was subject to screening by a
health physicist (HP) according to the Radiological Surveys Health Physics Procedure (HPP; HP-NMI-05 in
the Field Sampling Plan [FSP], RDWP Appendix I) to determine if background levels of radiation exist on
the equipment prior to exposure to on-site soils. To Haley & Aldrich’s knowledge, background levels of
radiation were not detected on equipment prior to exposure to Site soils. Additionally, disposable
barriers were applied as directed by the on-site HP or Radiation Safety Officer (RSO) to prevent
contaminating equipment and tools while in the restricted area. One example of this was where the HB
PDI work for borings conducted within the HB. Access down the steep slope was difficult and required a
temporary handrail that was at the top of the HB. The top post of the handrail functioned as the
exclusion zone marking prior to enter or exiting the HB.

Before entering the restricted area, workers reviewed and signed the specific radiation work permits for
drilling and soil sampling activities, donned the required personal protective equipment (PPE) and
monitoring equipment as specified in the radiation work permit and/or instructed by the RSO or HP.
Prior to initiating work, the staff consulted with the HP and RSO to determine an approach for screening
and transporting equipment to the decontamination area and back so that work can progress efficiently.

For locations where a drill rig was utilized, the driller created an exclusion zone around the drill rig,
typically consisting of cones and roped off. Only the driller,driller’s helper, Haley & Aldrich field
geologist, and RSO Personnel entered the exclusion zone. The borings completed along the alighnment of
the containment wall were in non-wooded areas and required an exclusion zone consisting of a

Table for only the field geologist and RSO personnel as well as the driller and helper to provide collected
samples of soil or rock core.
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3.2 SOIL SAMPLING AND BEDROCK CORE DRILLING

As part of the PDI work the multiple borings were completed through overburden and bedrock. Borings
were completed in accordance with the following ASTMs:

e ASTM D1586 for SPT of the soils;

e ASTM D2488 for the visual description methods for describing the soils;
e ASTM D2113 for rock coring methods; and

e ASTM D6032 for rock quality designation (RQD) measurement methods.

Geotechnical laboratory testing included 15 grain size tests of overburden soil samples, 15 compression
strength tests on rock cores, and 8 Cerchar abrasivity tests on rock cores. Testing was performed in
accordance with the following ASTM International Standards:

e ASTM D6913/D6913M-17: Standard Test Methods for Particle Size Distribution (Gradation) of
Soils Using Sieve Analysis

e ASTM D7928-17 Standard Test Method for Particle-Size Distribution (Gradation) of Fine-Grained
Soils Using the Sedimentation (Hydrometer) Analysis

e ASTM D7012-14el: Standard Test Methods for Compressive Strength and Elastic Moduli of
Intact Rock Core Specimens under Varying States of Stress and Temperatures

e ASTM D7625-10: Standard Test Method for Laboratory Determination of Abrasiveness of Rock
using the CERCHAR Method.

3.3 CROSSHOLE SEISMIC BORING INSTALLATION

The procedures of ASTM D4428 require cased boreholes, and the casing is specified to be either PVC or
aluminum. The boreholes were completed by installing 3-inch (in.) ID PVC Schedule 40 casing, in each of
the boreholes of each crosshole array. The cross-hole borehole locations are shown on Figure 1 and are
spaced 12 to 15 feet (ft) apart. Prior to conducting the cross-hole testing, a deviation survey was
completed by Geophysical Applications, Inc.

The completed boreholes were drilled by Cascade Drilling, and met the following requirements:

e The cased boreholes were confirmed to be sufficiently straight to allow free passage of a
cylinder 2.5 in. in diameter by 52 in. long. (This requirement ensures that the downhole source
passes freely through the casing.)

e The casings were capped and grouted for the full depth of the boreholes in accordance with
ASTM D4428. Rigid grout was utilized within bedrock, and non-rigid grout was used within the
overburden section of the boreholes.

e Prior to the testing, the boreholes were filled with potable water.
34 SHALLOW SOIL SAMPLING
For surficial soil (0 to 1 ft), sampling was completed using a hand auger or other hand-held excavation
device such as a shovel or hand trowel. Samples were collected by advancing an approximate 4-in.

diameter stainless steel hand auger to a 1 ft depth, or by manually hand excavating explorations using a
shovel and/or hand trowel to a minimum dimension of approximately 6 in. wide by 6 in. long to 1 ft
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depth. Soil samples were collected from the hand auger or from the side walls of the explorations,
compositing the entire 1-ft depth interval in a disposable aluminum pan. The volume of collected
material was stirred to homogenize the sample and then placed in appropriate glassware for submission
to the laboratory.

The general drilling soil logging and sampling activities were conducted in accordance with SOP NMI-S-
004 — Drilling and NMI-S-006 — Soil Description. Additional procedures related to radiological screening
of the soil cores and coordination with the HP and RSO have been outlined above.

Upon completion, explorations in softscape areas were backfilled with soil cuttings and explorations in
pavement areas were backfilled with crushed stone and the ground surface was restored or graded to
approximate existing surrounding conditions. Excess soil cuttings not used for analytical soil samples or
backfill were containerized and transported to the storage drum containment area. The borings
conducted within the HB were grouted flush with ground surface, and the liner was patched.

3.5 GROUNDWATER SAMPLE COLLECTION

Groundwater sampling conducted as part of the HB PDI work was performed using low-flow
methodology as outlined in the EPA Low-Stress (Low-Flow) Standard Operating Procedure EQASOP-
GWA4. A copy of the NMI-GW-010 is included in the FSP.

Field instruments were inspected and calibrated at the beginning of each day and checked during field
activities to verify performance. Instrument specific calibration procedures were performed in
accordance with the instrument manufacturer’s requirements.

During low flow purging, a multi-parameter meter was used to measure pH, specific conductivity,
turbidity, dissolved oxygen, oxidation reduction potential (ORP) and temperature. Readings were
collected at 5-minute intervals and recorded on field logs. Once the parameters were stable, the

samples were collected into laboratory provided glassware.

Samples were submitted to Alpha Analytical Labs in Westborough, Massachusetts (a National
Environmental Laboratory Accreditation Program [NELAP] accredited laboratory) and GEL Laboratories
in Charleston, South Carolina. VOCs, semi-volatile organic compounds (SVOCs), and nitrate/nitrite were
analyzed by Alpha Analytical Labs. VOCs were analyzed by EPA method 8260C, SVOCs were analyzed by
EPA Method 8270D, and nitrate and nitrite were analyzed by EPA Method 353.2. Metals were analyzed
by GEL Laboratories using EPA Method SW 846 3005A/6020B. The chemicals of concern analyzed are
outlined in Table L-1 of the ROD and listed below.

e 1,1-Dichloroethane

e Tetrachloroethene

e Trichloroethene

e Vinyl chloride

e 1,4-Dioxane

e bis(2-Ethylexyl)phthalate

e Arsenic
e Barium
e Chromium
e Cobalt
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e Copper

e lron

e Manganese

e Molybdenum

e Thorium

e Depleted Uranium
e Natural Uranium
e Nitrate

e Nitrite

Additional samples were submitted for quality control, as summarized in QAPP (Appendix J of the
RDWP). Quality control samples were analyzed for all parameters analyzed during sampling events.

3.6 FIELD SAMPLE PROCESSING
3.6.1 Prior to and During Processing

At each land-based soil or bedrock sample location, polyethylene sheeting was placed to create a small,
dedicated area to temporarily stage sampling equipment and supplies, and to process the samples. For
sediment samples collected in wet areas (within or adjacent to wetlands, or in pond), sediment was
collected at the sample locations, then transported to a safe location at a dry, stable area for sample
processing.

Small sample processing areas were also constructed at either each drilling/sampling location to process
soil samples collected by the drilling rigs, or at centralized locations used to facilitate drilling/sampling at
several locations.

For activities where a drill rig was used, after work areas and processes were established, drilling
commenced with continuous sampling. Soil cores were extracted and carried to the logging area by the
driller or the driller’s helper. The borings were advanced, and the soil cores were extracted until the final
depth of the boring was reached. If the driller proceeded faster than the field engineer or geologist
could process samples, the soil cores were staged in liners at the logging area. After a soil core had been
set in the logging area, the core liner was cut open and logged by the field engineer or geologist using
the Unified Soil Classification System (USCS) and following the soil description SOP (NMI-S-006, in the
FSP).

Refer to the applicable project specific FSP (Appendix | of the RDWP, de maximis, September 2020), the
Standard Operating Procedures (SOPs) located as Appendix | 1 of the FSP, QAPP (Appendix G of the
Remedial Design Work Plan, de maximis, September 2020) for further details related to protocols for
sample processing, glassware, preservation, chains of custody, decontamination, and field
documentation requirements and procedures for sample collection activities. Sampling was conducted
in general accordance with the FSP, SOPs and QAPP, discussed above.

3.6.2 Following Processing

After sample processing was completed, the dedicated sampling equipment was bagged for disposal and
the remaining equipment was decontaminated prior to reuse. Refer to the Investigative Derived Waste
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(IDW) Handling and Storage (SOP NMI-005) and Field and Heavy Equipment Decontamination
Procedures (SOP NMI-007) SOPs for additional details related to those items.

Following completion of the sampling, the completed as-sampled locations were marked with a flag or
wood stake with flagging attached. Subsequently, all completed soil sampling locations were surveyed
by a professional land surveyor. Note that sediment samples were collected immediately adjacent to
corresponding piezometer locations, therefore locations were not marked nor surveyed separately.

If applicable, each time staff and/or equipment left a restricted area, it was screened out of the
restricted area under the guidance of the HP following the Personnel Monitoring and Decontamination
HPP (HP-NMI-06, in the FSP) and signed out of the specific radiation work permit. All waste and PPE
generated during the field event was bagged appropriately, handled and dispose of directed by the RSO
and described in the IDW handling and storage SOP (NMI-5 in the FSP) and Radioactive Waste HPPs HP-
NMI-19 and HP-NMI-27 in the FSP.

3.7 FIELD SAMPLE SCREENING

Prior to further handling, soils were initially screened with a handheld radiation survey instrument to
ensure radiation levels are at a level where the core is safe to handle as determined by the HP and
approved by the on-site RSO. Once the soil was deemed safe by the HP or RSO to handle without
further controls, the soils were logged by the field engineer or geologist and following the soil
description SOP (NMI-S-006, in the FSP). After logging, the soil core was screened again using the
handheld radiation survey instrument by the HP, and the count rate per minute was logged.

At the end of the sampling day, all soil samples collected were screened by the onsite Radiological
Laboratory to determine the concentration and total radioactivity prior to shipment. Gamma
spectroscopy was be used to identify the isotope and assign activity present in each sample. The
samples were grouped to comply with Department of Transportation (DOT) and International Air
Transport Association (IATA) guidelines. The screening data was also provided to the receiving
laboratory for approval prior to shipment.

3.8 IDW MANAGEMENT

IDW generated during the surficial, subsurface and supplemental delineation sampling included soil
cuttings from subsurface explorations. IDW management and waste stream documentation was handled
through de maximis. Excess soil was placed back within the hand exploration and/or borehole
completed to the extent possible. Excess soil cuttings were drummed for future disposal in accordance
with the Transportation and Off-Site Disposal Plan dated 21 October 2021. Excess groundwater was
containerized, treated on-site, and discharged to the Cooling Pond.

4., Data Validation

Data validation was conducted in conformance with the QAPP (Worksheet #34 to #37) to assess the
data usability such that deficiencies in the data and potential impacts to the results were identified. Data
validation was performed by ddms, Inc. following receipt of the laboratory data reports from GEL
Laboratories, LLC. Laboratory reports are provided as Appendix F. Appropriate qualifiers codes, as
defined in the EPA National Functional Guidelines, were amended to the data points in the database.
The data validation reports are available on the Project Portal and the original laboratory data reports
have been archived.
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5. Next Steps
5.1  DESIGN COMPONENTS

Data generated during the HB PDI will be used as the basis for the 30% Remedial Design (RD) of the
Containment Wall and cap system for the Holding Basin. The data presented herein is intended to
supplement the Conceptual Site Model of the site and to provide a refined understanding of the soil and
bedrock conditions along the alignment of the HB containment wall. Geotechnical, seismic, and
hydrogeologic data and associated field explorations are summarized in Appendix A, HB-1. On-going
analysis as part of the 30% RD includes a summary of ground motion parameters of the bedrock and
shear wave measurements from the cross-hole geophysics that will be used to complete a kinematic
analysis of the proposed containment wall (Appendix B, HB-2), additional stability analyses (Appendix D,
HB-4), and additional seepage model runs to support the design (Appendix E, HB-5). Figure 1 shows the
completed explorations around the HB. Figures 2 through 7 show geologic sections through the HB in
the orientation shown on Figure 1.

While the PDI Evaluations further defined the subsurface conditions, it is anticipated that some
additional test borings along the wall alignment as part of the design process will be conducted to define
the toe elevation of the containment wall. Based on the seepage analysis located in Appendix E, HB-5,
the wall can be embedded 5 ft into the glacial till, 10 ft into glacial till or to top of bedrock, or 5 ft into
bedrock in order to achieve adequate cut-off; however, the glacial till is less than 10 ft thick on the
northeast side of the HB. In this area, the wall is expected to extend into the top of the rock. The limits
of wall embedment into bedrock will be important to define between the 30% RD and the 90% RD.

As outlined in the specific PDI Summary Appendices (Appendices A through E) the data collected as part
of the Holding Basin PDI work is compiled herein to facilitate the completion of the 30% RD. Because of
the complexity of the Site and the necessary coordination with the scheduled 1SS work, the sequence of
construction of the HB containment wall will be determined based on the ISS schedule. Grading of the
HB will be required, and that preliminary grading plan will be part of the site wide soil design, as that
portion of site construction is expected to begin before the implementation of the ISS remedy is
completed within the HB limits. For example, soil removal from the center of the plume will enable
injections related to ISS to be conducted more easily. In addition, regrading of the holding basin as part
of the soil removal remedy will enable access to steeper side slopes of the holding basin by the ISS
injection equipment. The design drawings for the Site-wide soils and sediment, coupled with the ISS and
containment wall and cap are expected to include the following drawing sets to allow for separate
phases of construction to complete the entire remedy:

e AOlI8and9

e Courtyard Area and Building D (Plume Core)

¢ Building E and Regrading of Holding Basin

e Landfill and Wetlands

® ISSin Holding Basin and Plume Core Areas (Design by Geosyntec)
* Containment Wall and Cap

* Cooling Water Pond and Gabion Wall Stabilization

e Building A and D, and North Lot Restoration
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5.2 DESIGN SCHEDULE

The initial grading of the Holding Basin will be included in a design drawing set for the excavation of the
footprint of Building E. This part of the remedy will include segregating soils from Building E for off-site
disposal and for on-site reuse to establish the grades required for the construction of the HB
Containment Wall. This will allow an early action construction activity to enable ISS to be conducted
within the HB.
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APPENDIX A

HB-1 - Geotechnical and Hydrogeologic Investigations for
Containment Wall and Cap
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PDI HB-1: Investigation of Holding Basin Footprint and Containment Wall Alignment

1 Scope of Work

The planned scope of work for this Pre-Design Investigation (PDI) for the holding basin (HB) involved collecting
subsurface data needed to design the HB containment wall and the low hydraulic conductivity cap to meet the
HB specific remedial action outlined in the Record of Decision (ROD). Activities performed in accordance with
the HB PDI Work Plan (Work Plan) to meet the objectives of this PDI include:

AREA OF
INVESTIGATION PDI OBJECTIVES PDI SCOPE

e  Boringinstallation along the alignment of the cutoff wall into bedrock
to evaluate soil density and bedrock characteristics by conducting
standard penetration tests (SPTs) throughout the overburden of each
of these borings, and coring bedrock for laboratory testing to aid in
the design of the containment wall and construction methods.

Collect geotechnical, e  Borehole geophysics to evaluate water bearing zones and bedrock
seismic, and hydrogeologic fracture orientation.
data necessary to design a e Installation of continuous multi-level tubes (CMTs) to gain multi-level
containment wall that piezometric head and groundwater quality information to support
X X prevents depleted uranium hydraulic design of the containment wall and evaluating ARARs.

Holding Basin (DU) from migrating e  Observation wells (OWs) installation within bedrock boreholes located
downgradient and meets the adjacent to the deep CMTs to allow for slug testing and short duration
applicable or relevant and pumping to observe response in CMTs and other OWs.
appropriate requirements e  Geotechnical Laboratory testing: grain size tests on overburden soils,
(ARARs). compression strength tests on rock core, and Cerchar Abrasivity tests

on rock core.

e  Conduct research on pump house foundation and utility alignments
into pump house and conduct test pits to confirm utilities and
structures (i.e., pump house slabs) that may need to be removed to
enable wall construction or other adjacent remedial actions.

By completing the outlined scope of work, Haley & Aldrich, Inc. (Haley & Aldrich) was able to obtain the
following information:

e Characterization of the groundwater flow within the overburden and fractured bedrock within the
proposed containment wall area.

e Characterization of the geotechnical parameters of the overburden and bedrock by collecting soil and
rock samples for grain size distribution testing of the soil, and abrasivity and compressive strength
testing of the rock.

e Determination the geophysical properties of the bedrock and identification of the location and
orientation of water bearing zones and fractures within the bedrock.

e Determination of the depth and extent of the glacial till stratum, the depth to bedrock within the
proposed HB containment wall as well as measurements of the hydraulic conductivity of each discrete
zone of overburden soils and bedrock.

e Characterization of groundwater quality data within each discrete zone including the overburden soils
and bedrock within the HB containment wall area.
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e Evaluation of the presence of subsurface structures associated with the pump house which may need to
be removed to enable wall construction or other adjacent remedial actions.

e Characterization of soil density and stratigraphy below the footprint of the HB to evaluate the potential
for settlement of subgrade soils due to the loading of the fill section to grade the footprint of the HB to
construct a cap. Note: this is touched on briefly within this report but covered in more detail within the
HB-4 Summary.

Data collected during this PDI will be used to design the containment wall thickness, depth, alignment, and
constructability. Data obtained during HB-1 investigations will also be used to evaluate alternative designs of the
final grading and cap design.

2  Summary of Work
This PDI included:
e Drilling of six (6) investigation borings and installation of CMTs within the six (6) completed boreholes;
e Installation of four (4) observation wells;
e Completion of a series of laboratory tests to evaluate soil and bedrock conditions;
e Drilling of six (6) boreholes for two (2) transects of cross-hole seismic testing;

e Collection of borehole geophysics data from eight (8) of the drilled boreholes (a combination of the
locations completed for CMTs and center location of each of the cross-hole seismic testing transects);
and

e Completion of three (3) test pits to confirm the limits of the former pump house.

The locations of the explorations are shown on Figure 1 of HB Summary Report and Table HB1-1 provides a
summary of the depth and type of well installation for each location.

2.1 TEST BORING DRILLING

To evaluate subsurface geologic and geotechnical conditions, borings were advanced 20 to 50 feet (ft) into
bedrock from October 2020 through January 2021 around the perimeter of the HB. Test borings were also
drilled within the HB to depths ranging from 30 to 60 ft below ground surface.

Boreholes were advanced using sonic drilling methods in the overburden and bedrock of each borehole.
Overburden soil was logged continuously in a 6-inch (in.) borehole and SPT was performed using split spoons to
make a qualitative assessment of soil density. The SPT data was collected using a calibrated auto-hammer. The
SPT data was not needed to be adjusted as the autohammer showed that the energy transmitted was typically
within 87% of the SPT test of a 30 inch drop of a 140 Ib. weight. Overburden samples were collected for grain
size distribution testing.

Sonic drilling was performed with a PQ diameter (Roschen™ Genuine Q wireline system core barrel designation)
wireline barrel, which yields 3.3 in. diameter bedrock cores. Bedrock was cored to evaluate rock characteristics
and measure rock quality designation (RQD) for every core-run, which was at 5 ft intervals. Bedrock was cored
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up to 20 ft in three (3) of the borings and up to 50 ft in three (3) of the borings. Two (2) of the six (6) cross-hole
seismic boreholes were also advanced in the same methods as described above. The other four (4) cross-hole
borings were advanced to the prescribed depths using sonic drilling methods. Rock cores were preserved for
geotechnical testing including unconfined compression strength tests and Cerchar abrasivity tests. The rock core
testing was performed by Geotesting Express of Acton, Massachusetts.

The following borings were installed during the HB-1 PDI work: HA20-CMT-1 through HA20-CMT-6, HA20-GP-101
through HA20-GP-106, HA20-GP-102A, and HA20-B101 through HA20-B104. Locations of the borings are shown
on Figure 1 of HB Summary Report, and boring logs and the SPT auto-hammer calibration records are in included
in Exhibit HB1-1.

2.2 GEOPHYSICS FIELD COLLECTION

A borehole geophysical survey was conducted from October 2020 through January 2021 in eight (8) completed
boreholes (HA20-CMT-1, HA20-CMT-2, HA20-CMT-3, HA20-CMT-4, HA20-CMT-5, HA20-CMT-6, HA20-GP-102A,
and HA20-GP-105). The geophysical survey was conducted by Geophysical Applications, Inc., and consisted of
lowering a series of downhole tools to the bottom of the exploration. Borehole logs are included in

Exhibit HB1-2.

These tools measured the characteristics of the borehole and characterized the depths and orientations of
bedrock fractures. The tools included: a fluid temperature (FTemp) sensor, fluid resistivity (FRes) sensor, three-
arm mechanical caliper, optical televiewer, acoustic televiewer, and heat-pulse flowmeter.

The fluid-property logs were recorded by sensors (Mt. Sopris model 2FSB-1000) mounted on the bottom of a
caliper probe (Mt. Sopris model 2CAA-1000), during the first logging run down each borehole. Fluid properties
were recorded while lowering the probe at a cable speed of 5 ft per minute; the caliper log was recorded at a
speed of 12 ft per minute.

Optical televiewer imaging was performed using an Advanced Logic Technology (ALT) model OBI40 MkIV optical
televiewer probe. This device provides a full-color digital image of the borehole’s interior, oriented with respect
to both vertical and magnetic north. The OBI40 image was recorded using a vertical sampling interval of 0.007 ft,
with one pixel for each degree of arc around the borehole’s interior. The images from the optical televiewer
allowed for viewing of geologic elements that exhibit contrasting colors (e.g. bedding bands of light or dark-
colored minerals, or iron-oxide staining at hydraulically-active bedrock fractures).

Acoustic televiewer imaging was performed using an ALT model ABI40 acoustic televiewer probe. This device
imaged the interiors of the bedrock boreholes via ultrasound pulses. ABI40 images were interpreted to measure
the dip angle and down-dip azimuth of both tight and physically open planar features (bedding, joints, and
fractures) encountered within each bedrock borehole.

Flowmeter testing was performed using a Mount Sopris model HPF-2293 heat-pulse flowmeter probe. This
device heated a small volume of water that served as a tracer pulse. The length of time needed for the warm
water to pass a thermistor mounted above or below the heating element, allowed calculation of the flow rate in
gallons per minute (gpm). Flowmeter measurements were performed during ambient (non-pumping) conditions
to identify transmissive fractures encountered by the bedrock boring that exhibit differing hydraulic head. The
measurements were repeated under pumping conditions to identify fractures that contribute to groundwater
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recharge in each borehole. Flowmeter testing was performed at depths near hydraulically active fractures,
which were determined based on results of the fluid-property, caliper, and acoustic televiewer logs.

The data collected from the survey was used to identify the location of hydraulically dominant fracture zones,
and define the nature, extent, and orientation of fractures. This data was used to determine the intervals to
screen observation wells and CMT intervals in each borehole.

2.3 CMT WELL INSTALLATION

Solinst CMTs wells were installed from 10 December 2020 through 15 January 2021 in six (6) of the boreholes
(HA20-CMT-1 through HA20-CMT-6) following completion and interpretation of the geophysical survey
described in Section 2.2 and prior to completing the remaining cross-hole seismic boreholes. The CMT
installation logs are included in Exhibit HB1-3.

Each CMT well was installed with three (3) to seven (7) ports. Locations of the ports in the bedrock were based
on the results of the geophysical survey such that the ports were installed within the hydraulically active
fracture sets. In addition, some ports were placed in the overburden based on previously observed geologic
conditions. Dual CMT ports, where one port is used to monitor water level and the other is equipped with
dedicated tubing for groundwater sampling within the same geologic unit, were installed at some locations. CMT
wells were constructed using a stainless-steel mesh surrounding the opening port, secured with clamps, and
backfilled with a sand pack. CMT well installation was performed by a Trained CMT Contractor as certified by the
manufacturer. The driller that completed the work is Cascade Environmental Drilling, and the personnel onsite
were certified CMT installers. Table HB1-1 provides a summary of the installed CMT channels, including the
formation screened and the elevation of each channel.

As there is no conventional well screen in the CMTs, each port needed to be developed to establish a hydraulic
connection with the formation. Each CMT port was developed prior to sampling using a peristaltic pump, a mini-
inertial pump, or similar.

2.4 OBSERVATION WELLS

Four (4) observation wells were installed between 8 January 2021 and 16 January 2021. Three (3) completed
boreholes were used for the wells (HA20-CMT-3(OW), HA20-CMT-5(0OW), and HA20-CMT-6(OW)) with each
located adjacent to the three (3) deeper CMT instrumented boreholes. Based on the subsurface conditions
encountered at the HA20-CMT-3 location, an additional well screened in the glacial till strata was proposed. This
location had a thicker sequence of glacial till and the additional well could provide additional data on potential
depths of the proposed containment wall. This additional well was installed and designated HA20-CMT-3T(OW).

Wells were constructed with 2 in. machine-slotted polyvinyl chloride (PVC) screen and 2 in. PVC riser pipe. The
location of the well screen, screen slot size, and filter pack was determined based on field conditions.

Table HB1-1 includes a summary of the well screen intervals, the formations screened, and the elevations of the
screened interval. The observation well logs are included in Exhibit HB1-3.

Following the installation, observation wells were developed in accordance with NMI-GW-002 Monitoring Well
Development Operating procedure included in the Field Sampling Plan (FSP).
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2.4.1 Groundwater Elevation Monitoring

Groundwater levels were measured in all the CMT channels and observation wells following well development.
An additional round of site-wide groundwater levels was also conducted prior to an April 2021 sampling event.
Table HB1-2 includes a summary of the groundwater monitoring events and additional rounds of groundwater
monitoring conducted around the HB during the PDI work.

2.4.2 Hydrogeologic Testing

A series of field tests were performed within select observation wells to evaluate hydrogeologic properties,
which included monitoring the results from field testing such as pulse testing, short duration pumping tests, and
slug tests on completed observation wells and CMTs. Test results provided an estimate of the hydraulic
conductivity (k) of each hydrogeologic unit within the area of the proposed HB containment wall. Pneumatic slug
tests were performed at each CMT well port and rising/falling head slug tests were performed at observation
wells installed in this PDI. Additionally, short-duration pumping tests were performed at the 2 in. diameter
observation wells.

2.4.2.1 Slug Tests

In-situ slug tests were performed at observation wells HA20-CMT-3T(OW), HA20-CMT-3B(OW), HA20-CMT-
5(0W), and HA20-CMT-6(OW) to estimate hydraulic conductivity. This testing included rising and falling head
slug tests. The tests were recorded using a pressure transducer (Solinst Levelogger™) placed at the bottom of
the observation well, which measured water pressure every two (2) seconds during testing. Static water level
was measured prior to testing to convert the water pressure to feet of water over the pressure transducer.
Testing consisted of lowering a sand-filled Teflon tube (i.e., slug bar) into the well, which raised the water level
by displacing water within the well. The recovery rate of the water to reach static level is a falling head slug test.
Once that test was completed, the slug bar was removed, and the resulting displacement of the water was lower
than static. The rate of recovery to static water level for this portion of the test is a rising head permeability test.
The falling and rising head tests were repeated up to three (3) times on each well.

2.4.2.2 Short Duration Pumping Tests

Following well installation and development, Haley & Aldrich performed a series of groundwater pumping tests
on the observation wells installed in this PDI to evaluate aquifer properties. The test method consisted of placing
a Geotech Geosub-2 submersible pump and Solinst Levelogger™ Model 3001 (Levelogger) in the corresponding
pumping well and two (2) surrounding observation wells. The leveloggers were placed at the bottom of the
pumping and observation wells, which are equipped with a pressure transducer that measures water pressure
and a self-contained electronic data acquisition system. Haley & Aldrich also installed a Solinst Barologger™ to
compensate for changes in barometric pressure during the pumping tests.

The water level response in the pumping well and surrounding were monitored and recorded every two (2)
seconds in the pumping well and every five (5) seconds in the observation wells during the pumping test. In
addition, water levels in surrounding CMT well ports were manually monitored using a hand-held water level
meter throughout the duration of each pumping test.
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2.4.3 Groundwater Sampling

Groundwater sampling was completed following the installation of the observation wells and CMT wells as part
of the site-wide groundwater monitoring event conducted in April 2021. A total of 18 groundwater samples

were collected from the recently installed CMTs and OWs during the April monitoring event. The OWs and CMT
channels that were sampled were analyzed for the target chemicals of concern listed in the site ROD in order to
characterize groundwater quality within the discrete geologic zones of the proposed HB containment wall area.

Groundwater sampling was performed using low-flow methodology as outlined in the U.S. Environmental
Protection Agency (EPA) Low-Stress (Low-Flow) Standard Operating Procedure EQASOP-GWA4. A copy of the
NMI-GW-010 was included in the FSP.

2.5 TEST PITS FOR EVALUATING UTILITY ALIGNMENT AND STRUCTURAL SUPPORT OF FORMER PUMP
HOUSE

The existing pump house, sometimes referred to as the tank house, is located nearby the alighment of the
proposed HB containment wall, and accordingly, associated subsurface structures and utilities may need to be
removed to enable wall construction or other adjacent remedial actions. The Schematic included as Figure HB1-
1 shows the historic drawing of the Pump House. Figure 1 of the Holding Basin PDI Report shows the proposed
alignment of the HB wall and the locations of the borings.

To assess the presence of subsurface structures and utilities, this PDI included a review of available information,
including drawings, to determine pump house foundation details (including type and approximate depths), and
identification of any potential utility alignments associated with the pump house.

In addition to the review of available information, three (3) test pits (HA-TP-101 through HA-TP-103) were
excavated to varying depths 21 April 2021. The test pits were excavated adjacent to the former tank house and
north of the tank house to evaluate if utilities penetrate the tank house (as shown on Figure HB1-1) and observe
foundations at the pump house. Test pit logs are included in Exhibit HB1-1.

3 Deviations from Work Plan

As discussed in Section 2.4.1, an additional well was screened in the glacial till strata based on the subsurface
conditions encountered at the HA20-CMT-3 location. The added location, HA29-CMT-3T (OW), had a thicker

sequence of glacial till and the separate well provided additional data on potential depths considered for the
containment wall.

4 Results
4.1 GEOTECHNICAL PROPERTIES
4.1.1 Overburden

The subsurface soil descriptions are included on the boring logs in Exhibit HB1-1 and supplemented with grain
size distribution testing included in Exhibit HB1-4. Up to 15 soil samples were specified in the Work Plan, but
only 12 samples were collected for grain size distribution testing due to consistency in observed soil conditions.
Overburden conditions were classified within the HB (HA20-B101 through HA20-B104) and conditions
encountered at the test borings generally consist of loose to medium dense Fill (poorly graded SAND, 6 to 8 ft
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thick) overlying loose to medium dense Ice Contact Deposits (poorly graded SAND, silty SAND, and sandy SILT,
up to 47 ft thick). The Ice Contact Deposits were penetrated at two (2) boring locations where medium dense to
dense Glacial Till (poorly graded SAND) was encountered in thicknesses of 5 to 10 ft prior to terminating borings.
Bedrock was not encountered at the borings inside the HB but is expected to be approximately 80 ft below
existing ground surface.

4.1.2 Bedrock

The full core descriptions of the bedrock can be found in boring logs for HA20-CMT-1, HA20-CMT-2, HA20-
CMT-3, HA20-CMT-4, HA20-CMT-5, and HA20-CMT-6 included in Exhibit HB1-1, and the photographs and lab
testing of the rock core is included in Exhibit HB1-5. The geotechnical data of the rock testing results are
provided in Table HB1-3. The Rock Quality Designation (RQD) observed in the rock cores varied between 6% and
100%; generally, the RQD values were between 70% and 95%.

The bedrock has very high compressive strength, ranging from 2,878 to 31,073 pounds per square inch (psi), and
the abrasivity is characterized as high (2.00) to extreme (6.00) abrasiveness.

4.2 HYDROGEOLOGIC TESTING AND RESULTS
The data collected from the CMT channels and observation wells around the HB are summarized in Table HB1-4.

Coupled with the chemical testing data, the results from the hydrogeological testing were used to evaluate the
potential contaminant pathway and determine the appropriate depth the HB containment wall should
penetrate to mitigate the potential migration pathways of contaminants of concern. These results were
incorporated into the groundwater modeling completed as part of HB-5 PDI work.

4.2.1 Slug Testing and Results

The recovery data, or rising and falling head data, was interpreted using the Bouwer & Rice and Butler analytical
methods. The geometric means of hydraulic conductivity slug test results are summarized below and additional
back up information is provided in Exhibit HB1-6.

Estimated
Screen . . .
Interval Screen Hydraulic Estimated Hydraulic
: Lithology Conductivity Conductivity (ft/day)
Elevation (ft)
(cm/sec)
Bouwer-Rice FH? 2.30E-06 0.0065
. . Bouwer-Rice
HA20-CMT-3T | 110.41-90.41 Glacial Till RH? 3.28E-06 0.0093
Geomean 2.75E-06 0.0078
Bouwer-Rice FH 5.18E-05 0.1469
Shallow .
HA20-CMT-3B 83.53-73.53 Bouwer-Rice RH 1.50E-04 0.4246
Bedrock
Geomean 8.81E-05 0.2497

! Bouwer-Rice FH: represents results from falling head test procedure.
2 Bouwer-Rice RH: represents results from rising head test procedure.
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Screen Estimated
Screen . Hydraulic Estimated Hydraulic
Well ID Interval Litholo solution Conductivit Conductivity (ft/day)
Elevation (ft) e Y g .
(cm/sec)
Bouwer-Rice FH 6.58E-05 0.1866
Shallow i
HA20-CMT-6 98.54 - 93.54 Bouwer-Rice RH 7.60E-05 0.2153
Bedrock
Geomean 7.07E-05 0.2004
Bouwer-Rice FH 5.53E-05 0.1566
Intermediate .
HA20-CMT-5 82.79-72.79 Bouwer-Rice RH 4.43E-05 0.1256
Bedrock
Geomean 4.95E-05 0.1403

4.2.2 Short Duration Pumping Testing and Results

The pumping test consisted of pumping water from the pumping well at a rate that ranged from approximately
0.3 to 3.0 gpm. The geometric means of the pumping test results are summarized below and additional back up
information is provided in Exhibit HB1-7.

Screen Screen Estimated Estimated Hydraulic
Interval Litholo Transmissivity Conductivity
Elevation (ft) . (ft2/day) (cm/sec)
Hantush-Jacob E3 0.798 2.17E-05
Shallow .
HA20-CMT-3B 83.53-73.53 Hantush-Jacob R 0.868 2.36E-05
Bedrock
Geomean 0.833 2.26E-05
Hantush-Jacob E 0.275 6.94E-06
Shallow
HA20-CMT-6 98.54 - 93.54 Hantush-Jacob R 0.091 2.29E-06
Bedrock
Geomean 0.158 3.99E-06
Hantush-Jacob E 0.991 4.37E-05
Int diat
HA20-CMT-5 82.79-72.79 | Mormedlae o ntush-Jacob R 0.215 9.47E-06
Bedrock
Geomean 0.461 2.03E-05

4.3 TEST PIT SUMMARY

Test pits conducted to investigate the pump house area indicate portions of the slab and foundation wall are
present nearby the planned HB containment wall alignment. While the wall alighnment does not run though the
pump house, the pump house may need to be removed to enable wall construction or other adjacent remedial
actions. The limits of the below grade structures as they are understood from historic drawings were confirmed
for the containment wall design as part of this PDI.

3 Hantush-Jacob E: results represent curve match for entire test duration.
* Hantush-Jacob R: results represent curve match for late time data, or recovery portion of pumping test.
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44 GROUNDWATER QUALITY

Compilation of groundwater quality and the subsurface conditions are shown by the Geosyntec profile, Figure
HB1-2, compiled from the PDI work completed by Geosyntec for the groundwater plume. Groundwater quality
plotted on the Geosyntec profile is from the April 2021 round of groundwater sampling and analysis.

5 Summary of Future Design Considerations
5.1 CONSIDERATIONS FOR CONTAINMENT WALL DESIGN

The primary objective of the containment wall is to mitigate the migration of DU from the source area of the
site, which is the holding basin. The primary pathway of DU is through the overburden deposit. The ice contact
deposit overlying the glacial till and bedrock contains the significant mass of DU. In order to contain the DU
within the sand and gravel ice contact deposit, the containment wall needs to penetrate at least 5 ft into the
underlying glacial till. However, as shown on Figures 2 through 6 of HB Summary Report, the glacial till thickness
is variable along the alignment of the containment wall. As a result, the alternative wall embedments are being
evaluated based on the subsurface conditions include:

e 5 ft embedment into glacial till
e 10 ft embedment into glacial till or to top of bedrock
e 5 ft embedment into bedrock

The containment wall alignment and these alternative embedments are shown in plan and profile on Figure 7 of
HB Summary Report. As a part of the 30% RD, cost, seepage modeling data, and mix design specifications will be
considered in order to determine an appropriate well embedment.

Information on the physical properties of the bedrock obtained during this PDI will be used to further evaluate
constructability factors for excavating the overburden using a clam shell and hydromilling of the bedrock as
necessary to achieve appropriate cutoff depth of the installed containment wall. These characteristics of the
rock will be important in the developing the 30% RD of the containment wall.

5.2 GROUNDWATER EVALUATION

A series of hydrogeologic tests were performed on the newly installed wells to characterize groundwater flow
within the proposed containment wall alignment. It is not expected that the final alighment of the wall will
incorporate all saturated soils where DU is present. Otherwise, it would need to extend to encompass essentially
the full extent of the groundwater DU plume. DU in soil and groundwater inside and outside the wall alighment
will also be treated with In-Situ Stabilization (ISS).

The HB containment wall PDlIs, incorporated as subsequent Appendices, include the seismic analysis (HB-2,
Appendix B), mix design for the wall material (HB-3, Appendix C), slope stability (HB-4, Appendix D), and the
seepage analysis (HB-5, Appendix E). In addition, the ISS of the soils within the HB and the plume core is also
part of the overall remedy for containment of the DU. Furthermore, Institutional Controls (ICs) will be in place
once the HB remedy is completed to prevent future excavation or development of the footprint of the HB.
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5.3 GEOTECHNICAL EVALUATION AND CONSIDERATIONS FOR CAP DESIGN

Fill inside the holding basin and the sand and gravel deposit below groundwater will have injections of apatite
and other materials to sequester the uranium within the footprint of the HB. In order to allow for the injections
of apatite there will be some interim grading conducted to fill the HB to about elevation (El.) 170 so the
injections can extend vertically down along the current steep side slopes of the HB. The final grades of the HB
with a low permeability cap will be about flush with the top elevation of the HB, which varies from about El. 185
to El. 175. The underlying Ice Contact Deposits and Glacial Till are not anticipated to settle significantly under
new loading from up to approximately 25 ft of fill to be placed during closure of the holding basin. Due to the
granular nature of the natural soils, most of the settlement resulting from placement of new fill is anticipated to
occur within a few months after final grade has been reached and settlement should not be of magnitude that
will damage the cover system or adversely impact grading to provide positive surface drainage from the area.
Long-term consolidation settlement of the natural soils is not anticipated. Additional analysis related to capping
is included in the HB-4 PDI Summary.
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TABLE HB1-1

SUMMARY OF CMT AND OW INSTALLATIONS

NUCLEAR METALS INC.
CONCORD, MASSACHUSETTS
FILE NO. 131884

Page1lof1

Top of | Bottom of ;:IZ:: Bg::t;n;nof :l:‘:fl:;: Reference
Well ID Formation Total Depth/| Screen | Screen - o " Elevation (ft
CMT Number| (BGS) (BGS) Elevation | Elevation | Elevation NGVD 1929)
(ft NGVD | (ft NGVD | (ft NGVD
HA20-CMT-3B(OW) Bedrock 108 98 108 83.53 73.53 181.53 184.3
HA20-CMT-3T(OW) Glacial Till 92 82 92 100.41 90.41 182.41 184.79
HA20-CMT-5(0W) Bedrock 100 90 100 82.79 72.79 172.79 175.64
HA20-CMT-6(0W) Bedrock 84 79 84 98.54 93.54 177.54 180.29
HA20-CMT-1S Overburden (Ice Contact Deposits) land 4 55.9 56.4 121.64 121.14 180.13
HA20-CMT-1I Glacial Till 2 64.9 65.4 112.64 112.14 180.13
HA20-CMT-1D, Shallow Bedrock 3and6 72.9 73.4 104.64 104.14 177.54 180.13
HA20-CMT-1D, Intermediate Bedrock 5 85.9 86.4 91.64 91.14 180.13
HA20-CMT-1D3 Deep Bedrock 7 94.3 94.8 83.24 82.74 180.13
HA20-CMT-2S Overburden (Ice Contact Deposits) 4and1 61.4 61.9 126.50 126.00 190.85
HA20-CMT-2I Shallow Bedrock 5and 2 85.4 85.9 102.50 102.00 190.85
HA20-CMT-2D, Shallow Bedrock 3 91.4 91.9 96.50 96.00 187.9 190.85
HA20-CMT-2D, Intermediate Bedrock 6 122.9 123.4 65.00 64.50 190.85
HA20-CMT-2D; Deep Bedrock 7 135.1 135.6 52.80 52.30 190.85
HA20-CMT-3S Overburden (Ice Contact Deposits) 1 57.9 58.4 126.75 126.25 184.65
HA20-CMT-3I Glacial Till 2 84.9 85.4 99.75 99.25 184.65
HA20-CMT-3D, Shallow Bedrock 3and6 101.9 102.4 82.75 82.25 184.65
HA20-CMT-3D, Intermediate Bedrock 4 113.9 114.4 70.75 70.25 18164 184.65
HA20-CMT-3D3 Intermediate Bedrock 5 123.9 124.4 60.75 60.25 184.65
HA20-CMT-3D, Deep Bedrock 7 142.9 143.4 41.75 41.25 184.65
HA20-CMT-4S Overburden (Ice Contact Deposits) 1 61.9 62.4 114.96 114.46 176.86
HA20-CMT-4l Glacial Till 2 78.9 79.4 97.96 97.46 176.86
HA20-CMT-4D, Shallow Bedrock 3and6 90.9 914 85.96 85.46 173.94 176.86
HA20-CMT-4D, Intermediate Bedrock 4 102.9 103.4 73.96 73.46 176.86
HA20-CMT-4D, Deep Bedrock S5and7 110.9 111.4 65.96 65.46 176.86
HA20-CMT-5S Overburden (Ice Contact Deposits) 1 44.9 45.4 131.74 131.24 176.64
HA20-CMT-5I Overburden (Ice Contact Deposits) 2 64.9 65.4 111.74 111.24 176.64
HA20-CMT-5I, Glacial Till 3 72.9 73.4 103.74 103.24 176.64
HA20-CMT-5D, Shallow Bedrock 4 81.9 824 94.74 94.24 173.45 176.64
HA20-CMT-5D, Intermediate Bedrock 5 91.9 924 84.74 84.24 176.64
HA20-CMT-5D3 Intermediate Bedrock 6 116.9 117.4 59.74 59.24 176.64
HA20-CMT-5D, Deep Bedrock 7 129.1 129.6 47.54 47.04 176.64
HA20-CMT-6S Overburden (Ice Contact Deposits) 2 65 65.5 115.45 114.95 180.45
HA20-CMT-6I Shallow Bedrock 4and 1 77 77.5 103.45 102.95 180.45
HA20-CMT-6D, Shallow Bedrock 3 83 835 97.45 96.95 180.45
HA20-CMT-6D, Intermediate Bedrock 5 99.5 100 80.95 80.45 177.34 180.45
HA20-CMT-6D3 Intermediate Bedrock 6 118 118.5 62.45 61.95 180.45
HA20-CMT-6D, Deep Bedrock 7 126 126.5 54.45 53.95 180.45
NOTES:
1. FT: Feet
2. BGS: Ground Surface
3. CMT: Continuous Multichannel Tubing
4. OW: Observation Well
Haley & Aldrich, Inc.
\\haleyaldrich.com\share\bos_common\131884-NMI\PDI Summaries\Holding Basin\HB-1\Tables\2021-1101-Table HB1-1-Summary of CMT and OW Installations-D1.xIsx November 2021



TABLE HB1-2

SUMMARY OF GROUNDWATER ELEVATION DATA - CMTS AND OWS

NUCLEAR METALS INC.
CONCORD, MASSACHUSETTS

FILE NO. 131884

Page l1of 1

Reference
Well ID Formation Total Depth/ 3:;2::(:“?; Total Depth/ | DTW (ft) |Elevation (ft Gr,;zc:::,:er
CMT Number CMT Number NGVD 1929)
HA20-CMT-3B(OW) Bedrock 108 108 46.8 184.3 137.5
HA20-CMT-3T(OW) Glacial Till 92 3/31/2021 92 48.31 184.79 136.48
HA20-CMT-5(0W) Bedrock 100 100 32.12 175.64 143.52
HA20-CMT-6(0W) Bedrock 84 84 36.26 180.29 144.03
HA20-CMT-1S Overburden (Ice Contact Deposits) land4 land4 37.24 142.89
HA20-CMT-1I Glacial Till 2 2 37.24 142.89
HA20-CMT-1D, Shallow Bedrock 3and 6 3/31/2021 3and 6 37.20 180.13 142.93
HA20-CMT-1D, Intermediate Bedrock 5 5 35.73 144.40
HA20-CMT-1D; Deep Bedrock 7 7 35.84 144.29
HA20-CMT-2S Overburden (Ice Contact Deposits) 4and1 4and 1 51.41 139.44
HA20-CMT-2I Shallow Bedrock 5and 2 5and 2 52.88 137.97
HA20-CMT-2D; Shallow Bedrock 3 3/31/2021 3 52.84 190.85 138.01
HA20-CMT-2D, Intermediate Bedrock 6 6 49.49 141.36
HA20-CMT-2D; Deep Bedrock 7 7 49.39 141.46
HA20-CMT-3S Overburden (Ice Contact Deposits) 1 1 47.89 136.76
HA20-CMT-3I Glacial Till 2 2 46.43 138.22
HA20-CMT-3D, Shallow Bedrock 3and6 3and6 46.14 138.51
HA20-CMT-3D, Intermediate Bedrock 4 Eeg 4 46.16 184.65 138.49
HA20-CMT-3D; Intermediate Bedrock 5 5 47.16 137.49
HA20-CMT-3D, Deep Bedrock 7 7 46.57 138.08
HA20-CMT-4S Overburden (Ice Contact Deposits) 1 1 37.01 139.85
HA20-CMT-4l Glacial Till 2 2 36.92 139.94
HA20-CMT-4D, Shallow Bedrock 3and 6 3/31/2021 3and 6 36.01 176.86 140.85
HA20-CMT-4D, Intermediate Bedrock 4 4 34.93 141.93
HA20-CMT-4D; Deep Bedrock S5and7 S5and7 37.21 139.65
HA20-CMT-5S Overburden (Ice Contact Deposits) 1 1 47.85 128.79
HA20-CMT-5I Overburden (Ice Contact Deposits) 2 2 34.39 142.25
HA20-CMT-5I, Glacial Till 3 3 34.39 142.25
HA20-CMT-5D; Shallow Bedrock 4 3/31/2021 4 34.34 176.64 142.30
HA20-CMT-5D, Intermediate Bedrock 5 5 33.00 143.64
HA20-CMT-5D; Intermediate Bedrock 6 6 31.93 144.71
HA20-CMT-5D, Deep Bedrock 7 7 - -
HA20-CMT-6S Overburden (Ice Contact Deposits) 2 2 37.8 142.65
HA20-CMT-6I Shallow Bedrock 4and 1 4and 1 37.61 142.84
HA20-CMT-6D, Shallow Bedrock 3 3 36.39 144.06
HA20-CMT-6D, Intermediate Bedrock 5 B EL20L 5 36.01 180.45 144.44
HA20-CMT-6D; Intermediate Bedrock 6 6 36.08 144.37
HA20-CMT-6D, Deep Bedrock 7 7 - -
NOTES:
1. DTW: Depth to water
2. FT: Feet
3. CMT: Continuous Multichannel Tubing
4. OW: Observation Well
Haley & Aldrich, Inc.
\\haleyaldrich.com\share\bos_common\131884-NMI\PDI Summaries\Holding Basin\HB-1\Tables\2021-1101-Table HB1-2-Summary of Groundwater Elevation Data - CMTs and OWs-D1.xlsx November 2021



TABLE HB1-3

SUMMARY OF GEOTECHNICAL DATA OF ROCK TESTING RESULTS

NUCLEAR METALS INC.

CONCORD, MASSACHUSETTS

FILE NO. 131884

Page 1of 1

Compressive Strength of Rock

Abrasiveness of Rock

(ASTM 7012 Method C) CERCHAR Method (ASTM D7625)
Cored Analyzed Compressive Analyzed
Core Interval RQD |Sample Interval | Bulk Density Strength  [Sample Interval CAl
Boring ID ID (ft -BGS) Core Description (%) (ft) (pcf) (psi) (ft) CAls | CAI* | Classification
HA20-CMT-1 Cl | 77.2-78.0 [Very hard, fresh grey with white spots medium to coarse grained ASSSABET QUARTZ DIORITE, massive 78% Not submitted for analysis 77.29-77.39 |3.78 4.22 Extreme
C2 | 80.5-81.6 [Very hard fresh, dark grey, medium to fine grained ASSSABET QUARTZ DIORITE, massive 95% | 80.68 - 81.36 180 2878 Not submitted for analysis
C4 | 89.7-90.8 [Very hard fresh, dark grey, medium to fine grained ASSSABET QUARTZ DIORITE, massive 93% | 89.90-90.59 176 11015 Not submitted for analysis
HA20-CMT-2 Cl | 90.5-92.3 [Very hard fresh light to dark grey, very coarse to medium grained ASSSABET QUARTZ DIORITE, massive 100%| 90.60 -91.27 166 5963 91.28-91.38 | 2.26(2.72 High
C2 | 94.3-96.0 (Very hard fresh light to dark grey, very coarse to medium grained ASSSABET QUARTZ DIORITE, massive 83% | 94.46-95.14 176 19665 94.15-94.25 | 4.09( 4.53 Extreme
C4 |102.6 - 104.0 [Very hard fresh light to dark grey, very coarse to medium grainedASSSABET QUARTZ DIORITE, massive 92% |(103.31-103.95 167 27317 Not Tested
HA20-CMT-4 Cl | 93.2-94.9 [Very hard, fresh grey with white spots medium to coarse grained ASSSABET QUARTZ DIORITE, massive 97% | 93.34-94.03 168 31073 94.04-94.14 | 3.98 | 4.42 | Extreme
C2 | 98.5-99.6 [Very hard fresh, dark grey, medium to fine grained ASSSABET QUARTZ DIORITE, massive 90% | 98.61-99.26 172 20892 Not submitted for analysis
C3 |103.0-104.2 [Very hard fresh, dark grey, medium to fine grained ASSSABET QUARTZ DIORITE, massive 93% (103.17 - 103.87 172 17011 Not submitted for analysis
HA20-CMT-5 Cl | 81.9-83.5 [Very hard, fresh dark grey with white spots medium to coarse grained ASSSABET QUARTZ DIORITE, massive 92% | 82.31-82.99 177 23759 83.00 - 83.10 | 3.82 | 4.26 | Extreme
C2 | 87.4-88.3 [Very hard, fresh dark grey with white spots medium to coarse grained ASSSABET QUARTZ DIORITE, massive 100%| 87.50-88.19 178 25750 Not submitted for analysis
C3 | 90.0-90.9 (Very hard, fresh dark grey with white spots medium to coarse grained ASSSABET QUARTZ DIORITE, massive 93% | 90.09 -90.76 178 27932 Not submitted for analysis
HA20-GP-102A | C2 | 98.5-99.5 [Very hard fresh light to dark grey, very coarse to medium grained ASSSABET QUARTZ DIORITE, massive 98% | 98.59-99.26 181 24272 99.27 - 99.37 | 3.81 | 4.25 | Extreme
C3 |101.5-102.6 [Very hard fresh light to dark grey, very coarse to medium grained ASSSABET QUARTZ DIORITE, massive 96% |(101.71 - 102.39 179 21260 Not submitted for analysis
C4 [108.7 - 109.7 |Very hard fresh light to dark grey, very coarse to medium grained ASSSABET QUARTZ DIORITE, massive 93% | 108.83 - 109.47 162 10898 109.48 - 109.58| 3.52 | 3.96 High
HA20-GP-105 C1 |110.4-111.8 |Very hard, fresh, grey with pockets of dark grey medium to coarse grained ACTON GRANITE, massive 73% (110.51-111.20 161 11492 111.21-111.31|3.85| 4.29 Extreme

Abbreviations and Units:
PDI = Potential Degradation Index

ft = feet

BGS = Below Ground Surface

RQD = Rock Quality Designation
pcf = pounds per cubic foot

psi = pound per square inch

CAIl = CERCHAR Abrasiveness Index

CAls = CERCHAR Abrasiveness Index for smooth (saw cut) surface
CAI* = CERCHAR Abrasiveness Index for natural surface

Haley & Aldrich, Inc.
\\haleyaldrich.com\share\bos_common\131884-NMI\PDI Summaries\Holding Basin\HB-1\Tables\Table HB1-3-NMI_PDI-Rock Core Data Table.xlsx

Notes:

1. The full core descriptions can be found in the boring logs for HA20-CMT-1, HA20-CMT-2, HA20-CMT-4, HA20-CMT-5, HA20-GP-102A and HA20-GP-105. These borings were
drilled in October 2020 through January 2021 by Haley & Aldrich as a part of the field exploration program in support of the Remedial Design for the Nuclear Metals, Inc. site.
2. The analytical testing was performed by GeoTesting Express of Acton, Massachusetts.
3. During the uncompressive strength testing, the axial load was applied continuously at a stress rate that produced failure in a test time between 2 and 15 minutes.
4. The CERCHAR test is run on a saw cut surface of the core sample using a stylus with a hardness of 54/56 HRC

5. The correlation between CAls and CAI* is as shown below:
CAI* = (0.99 X CAls) +0.48
6. CAl Classification is as follows:

Very low abrasiveness 0.30-0.50 High abrasiveness 2.00-4.00

Low abrasiveness 0.50-1.00

Extreme abrasiveness 4.00-6.00
Medium abrasiveness 1.00-2.00 Quartzitic 6.0-7.0 N/A

November 2021



TABLE HB1-4

SUMMARY OF GROUNDWATER QUALITY DATA

NUCLEAR METALS INC.
CONCORD, MASSACHUSETTS
FILENO. 131884

Page 1 of 8

Location Name HA20-CMT-101 HA20-CMT-1D1 HA20-CMT-1D1 HA20-CMT-1D2 HA20-CMT-1I HA20-CMT-1S HA20-CMT-2D1 HA20-CMT-2D2 HA20-CMT-2D3 HA20-CMT-2I HA20-CMT-2S
Sample Name Overburden HA20-CMT-101-09172021 HA20-CMT-1D1-04072021 HA20-CMT-1D1-07162021 HA20-CMT-1D2-07162021 HA20-CMT-11-04072021 HA20-CMT-15-04072021 HA20-CMT-2D1-04152021 HA20-CMT-2D2-07192021 HA20-CMT-2D3-07192021 HA20-CMT-21-04092021 HA20-CMT-25-04082021
Sample Date 09/17/2021 04/07/2021 07/16/2021 07/16/2021 04/07/2021 04/07/2021 04/15/2021 07/19/2021 07/19/2021 04/09/2021 04/08/2021
ROD Cleanup| Bedrock ROD Cleanup Level
Level 540452019 550420009 550420011 540451019 540451007 541203007 550420013 550420015 541034007 540450017
540452020 550420010 550420012 540451020 540451008 541203008 550420014 550420016 541034008 540450018
Lab Sample ID 1L2150411-01 L2117504-24 12138330-02 12138330-03 12117504-13 L2117504-07 L2119379-09 L2138589-01 L2138589-02 L2118225-06 L2117869-27
Volatile Organic Compounds (ug/L)
1,1-Dichloroethane NA 2.7 - 1U 1U - 1U 1U 1U - - 1U 1U
1,1-Dichloroethene NA NA - 1U 1U - 1U 1U 1U - - 1U 1U
1,2,4-Trimethylbenzene NA NA - 2U 2U - 2U 2U 2U - - 2U 1.3)
1,2-Dichloroethene (total) NA NA - 1U 1U - 1U 1U 0.2) - - 1U 1U
1,3,5-Trimethylbenzene NA NA - 2U 2U - 2U 2U 2U - - 2U 0.26J
1,4-Dioxane 0.46 0.46 - - 250U - - - - - - - -
2-Butanone (Methyl Ethyl Ketone) NA NA - 23] 5U - 5U 5U 5U - - 2) 5U
2-Hexanone NA NA - 1.8) 5U - 5UJ 5UJ 5U - - 5U 5U
Acetone NA NA - 10 3] - 5U 5U 3.7) - - 12 8.3
Benzene NA NA - 0.4) 0.18) - 05U 05U 05U - - 05U 0.44)
Bromodichloromethane NA NA - 1u 1u - 1v 1u 1u - - 1u 1u
Bromomethane (Methyl Bromide) NA NA - 2UJ 2U - 2UJ 2UJ 2U - - 2U 2U
Carbon disulfide NA NA - 0.37) 2U - 2U 2U 2U - - 2U 2U
Chloroform (Trichloromethane) NA NA - 1U 1U - 0.33) 1)+ 0.75) - - 0.28) 1U
Chloromethane (Methyl Chloride) NA NA - 2U 2U - 2U 2U 2U - - 0.33) 2U
cis-1,2-Dichloroethene NA NA - 1U 1U - iU 1U 0.2) - - 1U 1U
Dibromochloromethane NA NA - 1u 1u - 1u 1u 1iv - - 1u 1u
Ethylbenzene NA NA - 0.26) 1U - 0.2) 1U 1U - - 1U 0.52)
m,p-Xylenes NA NA - 0.86) 2U - 0.82) 2U 2U - - 2U 1.9)
Methylene chloride (Dichloromethane) NA NA - 0.73) 2U - 2U 2U 2U - - 0.84) 2U
n-Butylbenzene NA NA - 2U 2U - 2U 2U 2U - - 2U 2U
o-Xylene NA NA - 0.48) 1U - 0.41) 1U 1U - - 1U 1.2
Tetrachloroethene 5 5 - 0.44) 0.6) - 1v 1u 2 - - 0.63) iU
Toluene NA NA - 1.8 0.62) - 1.5 1U 1U - - 0.54) 3.7
Trichloroethene 5 5 - 1u 1u - 1U 1iv 0.94 )+ - - 0.22) 1u
Xylene (total) NA NA - 1.3) 1U - 1.2) 1U 1U - - 1U 3.1)
Semi-Volatile Organic Compounds (ug/L)
bis(2-Chloroethyl)ether NA NA - 2U) 2U - 2U) 2U 2U) - - 2U) 2U)
bis(2-Ethylhexyl)phthalate 6 6 - 3U 3U - 3U 3U 3UJ - - 24) 3UJ
Diethyl phthalate NA NA - 5UJ 5U - 5U 5U 5Ul - - 5U 5UJ
Phenol NA NA - 5UJ 5U - 5UJ 5UJ 5UJ - - 1.3)- 5UJ)
Semi-Volatile Organic Compounds (SIM) (ug/L)
1,4-Dioxane 0.46 0.46 0.196 0.212 0.198 0.105) 0.144 U 0.15U 2.57 0.438 0.417 1.78 0.144U
2-Methylnaphthalene NA NA - 0.12J- - - 0.1U 0.1U 0.1UJ - - 0.18J- 0.1UJ)
Acenaphthene NA NA - 0.02) - - 0.1U 0.1UJ 0.1UJ - - 0.1U 0.1UJ
Acenaphthylene NA NA - 0.33 - - 0.1U 0.1U 0.1UJ - - 0.22 0.1UJ)
Benzo(a)anthracene NA NA - 0.1U - - 0.1U 0.1U 0.1UJ - - 0.04) 0.1UJ
Benzo(a)pyrene NA NA - 01U - - 0.1U 0.1U 0.1UJ - - 0.02) 0.1UJ
Benzo(b)fluoranthene NA NA - 0.02) - - 0.1U 0.1U 0.1UJ - - 0.1U 0.1UJ
Benzo(g,h,i)perylene NA NA - 0.1U - - 0.1U 0.1U 0.1UJ - - 0.03) 0.1UJ
Benzo(k)fluoranthene NA NA - 0.1U - - 0.1U 0.1U 0.1UJ - - 0.01) 0.1UJ
Chrysene NA NA - 0.1U - - 0.1U 0.1U 0.1UJ - - 0.03) 0.1U)
Dibenz(a,h)anthracene NA NA - 0.1U - - 0.1U 0.1U 0.1UJ - - 0.1U 0.1U)
Fluoranthene NA NA - 0.06) - - 0.1U 0.1U 0.1UJ - - 0.1U 0.1UJ)
Fluorene NA NA - 0.02) - - 0.1U 0.1U 0.1UJ - - 0.1U 0.1UJ
Indeno(1,2,3-cd)pyrene NA NA - 0.1U - - 0.1U 0.1U 0.1UJ - - 0.03) 0.1UJ)
Naphthalene NA NA - 0.22J)- - - 0.1U 0.1UJ 0.1UJ - - 0.1UJ 0.1UJ
Phenanthrene NA NA - 0.06) - - 0.1U 0.1U 0.1UJ - - 0.1U 0.1UJ)
Pyrene NA NA - 0.14 - - 0.1U 0.1U 0.1UJ - - 0.09) 0.1UJ
Inorganic Compounds (ug/L)
Aluminum, Dissolved NA NA - 31.9) 27.8) 19.3U 19.3U 193U 19.3U 19.3U 19.3U 19.3U 88.4
Antimony, Dissolved NA NA - 1U 1U 1uU 1uU 1uU 1uU 1uU 1U 1U 1U
Arsenic, Dissolved 10 10 - 3.38) 2.6) 2U 2U 2U 3.27) 22.7 311 4.77) 2U
Barium, Dissolved NA 2000 - 47.3 18.3 29.7 28.3 25.3 46.3 27.9 17.5 48.7 26.3
Beryllium, Dissolved NA NA - 02U 0.2U 0.2U 0.2U 0.2U 0.2U 02U 02U 02U 02U
Cadmium, Dissolved NA NA - 03U 03U 03U 03U 03U 03U 03U 03U 03U 03U
Calcium, Dissolved NA NA - 45000 28700 55600 32600 26500 36700 45000 48700 61900 24200
Chromium, Dissolved 100 100 - 3U 3U 3U 3U 3U 3U 3U 3U 3U 3U
Cobalt, Dissolved 6 6 - 0.793) 03U 0.973) 0.638) 0.411) 0.889) 0.413) 0.53) 0.524) 12.9
Copper, Dissolved 1300 NA - 03U 03U 03U 0.464) 0.588) 0.329) 03U 03U 03U 0.451)
Iron, Dissolved 14000 14000 - 588 488 667 33U 33U 156 146 389 735 544
Lead, Dissolved NA NA - 05U 05U 05U 05U 05U 05U 05U 05U 05U 05U
Magnesium, Dissolved NA NA - 7350 5110 11900 8650 6630 5720) 11000 10400 10900 4260
Manganese, Dissolved 300 300 - 1430 691 700 53.6 10.3 1350 894 1510 1040 634
Molybdenum, Dissolved 100 100 - 118 46.2 3.51 0.705) 0.276) 43.1 8.6 11.9 52 35.9
Nickel, Dissolved NA NA - 1.19) 0.6 U 0.755) 3.98 1.04) 1.06J 0.6U 0.6U 0.995) 11.1
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Location Name HA20-CMT-101 HA20-CMT-1D1 HA20-CMT-1D1 HA20-CMT-1D2 HA20-CMT-1I HA20-CMT-1S HA20-CMT-2D1 HA20-CMT-2D2 HA20-CMT-2D3 HA20-CMT-2I HA20-CMT-2S
Sample Name Overburden HA20-CMT-101-09172021 HA20-CMT-1D1-04072021 HA20-CMT-1D1-07162021 HA20-CMT-1D2-07162021 HA20-CMT-11-04072021 HA20-CMT-15-04072021 HA20-CMT-2D1-04152021 HA20-CMT-2D2-07192021 HA20-CMT-2D3-07192021 HA20-CMT-21-04092021 HA20-CMT-25-04082021
Sample Date 09/17/2021 04/07/2021 07/16/2021 07/16/2021 04/07/2021 04/07/2021 04/15/2021 07/19/2021 07/19/2021 04/09/2021 04/08/2021
ROD Cleanup| Bedrock ROD Cleanup Level
Level 540452019 550420009 550420011 540451019 540451007 541203007 550420013 550420015 541034007 540450017
540452020 550420010 550420012 540451020 540451008 541203008 550420014 550420016 541034008 540450018
Lab Sample ID L2150411-01 L2117504-24 12138330-02 12138330-03 12117504-13 L2117504-07 L2119379-09 L2138589-01 L2138589-02 L2118225-06 L2117869-27
Potassium, Dissolved NA NA - 14500 8710 8370 4650 3480 6580 4470 4550 10400 6370
Selenium, Dissolved NA NA - 2U 2U 2U 2U 2U 2U 2U 2U 2U 2U
Silver, Dissolved NA NA - 03U 03U 03U 03U 03U 03U 03U 03U 03U 03U
Sodium, Dissolved NA NA - 369000 170000 20900 26100 28600 182000 23200 47500 366000 47400
Thallium, Dissolved NA NA - 06U 06U 06U 06U 06U 06U 06U 06U 06U 06U
Thorium, Dissolved 0.33 0.33 - 0.7U 0.7U 0.7U 0.7U 0.7U 0.7U 07U 07U 07U 07U
Uranium, Dissolved 30 30 - 62.8 1.06 2.24 0.067 U 0.35) 88.5 21.6 12.1 27.6 1.88
Uranium-235, Dissolved 30 30 - 0.129 0.01U 0.0147) 0.01U 0.01U 0.644 0.151 0.0845 0.191 0.01U
Uranium-238, Dissolved 30 30 - 62.7 1.06 2.23 0.067 U 0.35) 87.8 215 12.1 274 1.88
Vanadium, Dissolved NA NA - 33U 33U 33U 33U 33U 33U 33U 33U 33U 33U
Zinc, Dissolved NA NA - 33U 33U 33U 33U 33U 33U 33U 33U 33U 33U
Inorganic Compounds (ug/L)
Aluminum, Total NA NA - 253 35.5) 46) 19.3U 193U 42.5) 19.3U 19.3U 19.3U 294
Antimony, Total NA NA - 1U 1U 1uU 1uU 1uU 1uU 1uU 1U 1U 1U
Arsenic, Total 10 10 - 3.5) 2.74) 2U 2U 2U 3.3) 23.3 32.7 4.71) 2.07)
Barium, Total NA 2000 - 50.2 19 29.8 27.8 25.7 40 30 17.8 48 27.3
Beryllium, Total NA NA - 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U 0.2U
Cadmium, Total NA NA - 03U 03U 03U 03U 03U 03U 03U 03U 03U 03U
Calcium, Total NA NA - 48200 29000 55200 32400 27000 32400) 46100 47500 56400 24000
Chromium, Total 100 100 - 3U 3U 3U 3U 3U 3U 3U 3U 3U 3U
Cobalt, Total 6 6 - 0.969) 03U 1.03 0.618) 0.425) 0.855) 0.453) 0.553) 0.522) 13.3
Copper, Total 1300 NA - 0.958) 03U 0.427) 0.3UJ 0.3UJ 0.3UJ 0.373) 0.361) 03U 1.31)
Iron, Total 14000 14000 - 1000 578 737 33U 33U 194 169 440 849 780
Lead, Total NA NA - 05U 05U 05U 05U 05U 05U 05U 05U 05U 05U
Magnesium, Total NA NA - 7780 5120 12000 8700 6690 5000 11000 11000 10400 4290
Manganese, Total 300 300 - 1580 704 701 52.6 10.6 1260 949 1600 981 654
Molybdenum, Total 100 100 - 123 47.6 3.55 0.656 ) 0.25) 41.7 9.75 12.8 51.2 36.8
Nickel, Total NA NA - 1.61) 06U 0.799) 3.7 1.16) 0.755) 06U 06U 0.772) 11.3
Potassium, Total NA NA - 15100 8770 8370 4600 3500 6050 4600 4750 10400 6410
Selenium, Total NA NA - 2U 2U 2U 2U 2U 2U 2U 2U 2U 2U
Silver, Total NA NA - 03U 03U 03U 03U 03U 03U 03U 03U 03U 03U
Sodium, Total NA NA - 387000 174000 20700 25900 28900 169000 23700 48700 332000 48200
Thallium, Total NA NA - 0.6U 0.6U 06U 0.6U 0.6U 06U 0.6U 0.6U 06U 06U
Thorium, Total 0.33 0.33 - 0.7U 07U 07U 07U 07U 07U 0.7U 0.7U 0.7U 0.7U
Uranium, Total 30 30 - 77.3 11 2.2 0.067 U 0.0954) 84.7 21.8 12.7 26.5 1.69
Uranium-235, Total 30 30 - 0.163 0.01U 0.0151) 0.01U 0.01U 0.622 0.147 0.0935 0.187 0.01U
Uranium-238, Total 30 30 - 771 11 2.19 0.067 U 0.0954) 84.1 21.6 12.6 26.3 1.69
Vanadium, Total NA NA - 33U 33U 33U 33U 33U 33U 33U 33U 33U 33U
Zinc, Total NA NA - 33U 3.3U 5.91) 3.3U 3.3U 3.3U 33U 33U 33U 33U
Other
Dissolved Organic Carbon (DOC) (mg/L) NA NA 12 46) 21 0.7) 0.42) 0.54) 22) 13 6.7 50) 5.9)
Alkalinity, Bicarbonate (as CaCO3), Total (mg/L) NA NA 132 162 151 73.4 28.6 18.3 127 89.8 100 195 69.4
Carbonate, Total (mg/L) NA NA 2U 2U 2U 2U 2U 2U 2U 2U 2U 2U 2U
Chloride, Total (mg/L) NA NA 86.8 130 90.1 96.4 82.6 81.3 52.5J- 56 56.2 89.6 J- 70.2
Fluoride, Total (mg/L) NA NA 0.52 0.534 0.613 0.054 0.038) 0.048) 0.482 J- 0.195 0.118 0.408 0.181J)-
Nitrate (as N), Total (mg/L) 10 10 0.023) 0.1U 0.1U 1 3.9 )+ 3.1+ 0.1U 01U 0.1U 0.1U) 0.89 J+
Nitrite (as N), Total (mg/L) 1 1 0.05U 0.05U 0.05U 0.087 0.05U 0.05U 0.05U 0.05U 0.05U 0.05U 0.05 UJ
Orthophosphate, Total (mg/L) NA NA - 0.015 0.052 - 0.001) 0.001) 0.052 - - 0.066 0.005 UJ
Phosphorus, Total (mg/L) NA NA - 0.059 0.124 - 0.004) 0.01U 0.095) - - 0.078 0.029
Sulfate, Total (mg/L) NA NA 124 609 J- 232 37.8 21.4)