John R. Kasich, Governar
Mary Taylor, Lt. Governor
Craig W. Butler, Director

October 23, 2014 RE: US DOE-PORTS
GENERAL CORRESPONDENCE
REMEDIAL RESPONSE
PIKE COUNTY
ID# 466000865

Kristi Wiehle, Site Coordinator
Portsmouth/Paducah Project Office
US Department of Energy

Post Office Box 700

Piketon, Ohio 45661

Joel Bradburne, Site Lead
Portsmouth/Paducah Project Office
US Department of Energy

Post Office Box 700

Piketon, Ohio 45661

RE: Ohio EPA Concurrence of D3 Revised Remedial Investigation and
Feasibility Study Report for the Site-Wide Waste Disposition Evaluation
Project for the Portsmouth Gaseous Diffusion Plant, including the
Corrective Action Management Unit Supplement

Dear Ms. Wiehle and Mr. Bradburne:

Pursuant to the requirements in Section XV, Review of Submissions of The April 13th,
2010 Director's Final Findings and Orders for Removal Action and Remedial
Investigation and Feasibility Study and Remedial Design and Remedial Action, including
the July 16, 2012 Modification for the Portsmouth Gaseous Diffusion Plant
(Decontamination and Decommissioning Project) {hereinafter referred to as DFF&O),
Ohio EPA is providing concurrence with the D3 Remedial Investigation and Feasibility
Study Report for the Site Wide Waste Disposition Evaluation Project (RI/FS Report) for
the Portsmouth Gaseous Diffusion Plant. Ohio EPA provided DOE with conditional
concurrence with respect to the RI/FS Report and conditional approval with respect to
the draft preliminary waste acceptance criteria (WAC) in April 2014, The conditional
concurrence and conditional approval letter did not require modification to the D3 WD
RI/FS Report for the Site-Wide Waste Disposition Evaluation Project; however, it
included a list of items to address in order to satisfy the conditions noted. DOE has met
the conditions as outlined by revising and re-submitting an agreed upon Applicable or
Relevant and Appropriate Requirements (ARARs) table, agreeing that Appendix E of
the D3 RI/FS Report be read in context with Section 2 of the RI/FS Report, and by
pursuing two proposed corrective action management units (CAMU) in accordance with
Ohio Administrative rules (OAC) 3745-57-72.
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During meetings between DOE and Ohio EPA, DOE proposed drafting a supplement to
the RI/FS Report to include CAMU and principle hazardous constituent (PHC) concepts,
which directly influence the Waste Acceptance Criteria (WAC). Ohio EPA agreed with
DOE’s proposat. The RI/FS Report Supplement was submitted on October 21, 2014, as
part of the D3 RI/FS Report for the Site-Wide Waste Disposition Evaluation Project and
Ohio EPA hereby concurs with the RI/FS Report Supplement pursuant to the
requirements in Section XV, of the DFF&0O. Furthermore, the RI/FS Report Supplement
is approved, including any portions of the RI/FS Report Supplement that are relied upon
as part of the WAC., Ohio EPA will be providing public notice and will seek public
comment on the proposed CAMU designations. Designation would occur at the Record
of Decision stage.

Consistent with the terms of paragraph 79 of the DFF&0O, Ohio EPA's concurrence and
approval is for purposes of the DFF&QO and does not impact any US DOE obligations
under any existing permits, authorizations, and orders, including but not limited to the
Ohio Consent Decree and the hazardous waste installation and operation permit. In the
event of any conflict exists between the Waste Disposition RI/FS, including the final
WAC, and the DFF&Q, the provisions shall be construed, if possible, so that effect is
given to both, however, if the conflict is irreconcilable, the provisions of the DFF&O shall
prevail. See, RI/FS SOW.

As set forth in paragraph 9c of the DFF&O, in the event any portion of the Work requires
a permit, license, or other authorization from Ohioc EPA or any other state, federal or
local government agency, Respondent shall submit applications in a timely manner and
take all other actions necessary to obtain such permit, license, or other authorization.
(See, DFF&O, 1]9¢)

If you have any questions regarding this correspondence, please do not hesitate to
contact me at 740-380-5289 or maria.galanti@epa.ohio.gov.

Sincerelﬁ

/ ;—:N b
Maria Galanti

Site Coordinator

Division of Environmental Response and Revitalization

MG/cb

cc. Dennis Carr, FBP, LLC
Vincent Adams, Site Director, PPPO-PORTS
William Murphie, Manager, Portsmouth/Paducah Project Office

ec. Ed Gortner, Manager, DERR-SEDOC
John Rochotte, Supervisor, DERR-SEDO
Jim Sferra, Chief, SEDO
Melody Stewart, DMWM-SEDO
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Resource Conservation and Recovery Act of 1976, as amended

recirculating cooling water
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Rollins Environmental Services
RCRA facility investigation
Remedial Investigation

Record of Decision

region of influence

relative percent difference

Radioactive Waste Management Complex

surveillance and maintenance

sampling and analysis plan

special nuclear material

Southern Ohio Diversification Initiative
statement of work
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EXECUTIVE SUMMARY

The Ohio Environmental Protection Agency (Ohio EPA) and the U.S. Department of Energy (DOE) have
entered into a formal agreement regarding the decision-making process for the decontamination and
decommissioning (D&D) of the Portsmouth Gaseous Diffusion Plant (PORTS) and for the associated
waste management. The terms of the agreement between Ohio EPA and DOE are contained in

The April 13, 2010 Director’s Final Findings and Orders for Removal Action and Remedial Investigation
and Feasibility Study and Remedial Design and Remedial Action, including the July 16, 2012
Modification thereto (DFF&O).

This document, Remedial Investigation and Feasibility Study Report for the Site-Wide Waste Disposition
Evaluation Project at the Portsmouth Gaseous Diffusion Plant, Piketon, Ohio, presents the information
necessary to select a Site-wide disposal alternative for the waste generated under the DFF&O and to
receive community input on the alternatives under consideration. This decision is designed to coincide
closely with another major DFF&O decision, the fate of the majority of buildings at PORTS, which is
evaluated in Remedial Investigation and Feasibility Study Report for the Process Buildings and Complex
Facilities Decontamination and Decommissioning at the Portsmouth Gaseous Diffusion Plant,

Piketon, Ohio.

The information in the Site-wide Waste Disposition Evaluation Remedial Investigation/Feasibility Study
supports three elements of decision making: (1) problem definition, (2) solution identification, and
(3) solution evaluation.

Problem Definition. If no action is taken, no D&D or waste disposal would occur; therefore, the
buildings at PORTS would degrade, collapse, and remain where they fall. Contamination now safely
contained within the building structures and equipment would slowly release to the environment during
building degradation. Contaminants such as radionuclides, polychlorinated biphenyls, and asbestos
would be a future threat to users of the buildings or users of the media adjacent to the buildings at PORTS
and to terrestrial species that are present at PORTS.

An estimated 1.47 million cy of building/structure waste are anticipated to be generated from demolishing
the buildings at PORTS if D&D is selected as the remedial action. The vast majority of this waste would
originate from the three large gaseous diffusion process buildings: X-326, X-330, and X-333. The waste
volumes include the structure of each facility, all process and industrial equipment within each facility,
facility slabs, and soil that would be generated incidental to removal of the facility slabs. The balance of
the volume from a D&D decision would come from hundreds of smaller buildings and structures and is
expected to be 0.35 million cy of waste or approximately 25 percent of the total PORTS D&D waste
forecast.

The primary waste forms are presented in Table ES.1. These waste forms are the basis of calculations
presented in Sections 8 and 9.
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Table ES.1. Waste Volume Summary

In Situ Volume

D&D Waste Form Description (cy)
Residual Soil? 53,000
Building Waste 1,032,000
Process Gas Equipment 272,000
Targeted Recyclables 110,000
Total DFF&O Waste and Recyclables 1,467,000

“See paragraph 5.e. of the DFF&O for the definition of D&D.

D&D = decontamination and decommissioning
DFF&O = The April 13, 2010 Director’s Final Findings and Orders for Removal Action and Remedial Investigation
and Feasibility Study and Remedial Design and Remedial Action, including the July 16, 2012 Modification thereto

Included in the 1.47 million cy of waste resulting from building demolition are an estimated 53,000 cy of
residual soil, as described in the DFF&O, paragraph 5(¢)(3) and 5(e)(4)(ii), which are anticipated to be
generated during building demolition and foundation and subsurface structure removal that would require
disposal. Additionally, the impacts and implications of up to an estimated 710,000 cy of Ohio Consent
Decree contaminated soil (from deferred units) from the remaining environmental cleanup activities are
considered, acknowledging that additional exemptions and/or authorizations would be necessary to
excavate the waste and also to place any such waste in an on-Site disposal cell (OSDC). The 710,000 cy
is an estimate established for the purposes of conducting a complete and thorough evaluation of the
alternatives. The actual volume of any Ohio Consent Decree contaminated soil will be determined based
on several factors. The decision to excavate and dispose of Ohio Consent Decree contaminated soil is not
being made under this project. Placement of such Ohio Consent Decree contaminated soil would need to
meet the requirements of the waste acceptance criteria (WAC) for the potential OSDC in order to be
protective of human health and the environment.

Solution Identification. Three alternatives have been developed in the feasibility study. Alternative 1 is
the no-action alternative, the basis to which the action alternatives are compared. Alternative 2 is the
on-Site alternative (with appropriate off-Site disposal based on on-Site disposal WAC), and Alternative 3
is the off-Site alternative. Both action alternatives include opportunities for recycling and/or reuse of
certain materials.

A number of potential OSDC locations across PORTS were studied and evaluated. From this evaluation,
two areas, both of which are located above thick shale, were determined to be the most protective for use
in developing an on-Site disposal alternative. However, one of the locations was determined to have
preferable operational parameters and improved constructability, and thus was used as a representative
location to develop the on-Site alternative.

Alternative 2 has a potential engineered disposal facility with a multi-layer liner, leachate collection and
treatment system, and multi-layer cap. Any waste that could not meet the WAC would be treated or sent
off-Site for disposal. The representative process options for the off-Site disposal elements of
Alternative 2 and for all of Alternative 3 are EnergySolutions in Utah, a commercial facility that has
previously received DOE waste, for mixed Resource Conservation and Recovery Act of 1976,

as amended, or Toxic Substances Control Act of 1976 low-level (radioactive) waste (LLW); the DOE
Nevada National Security Site in Nevada for LLW; and the Pike Sanitation Landfill in Pike County for
construction and demolition debris as well as solid waste. Significant construction and operational
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challenges would be associated with an on-Site disposal alternative, but on-site disposal facilities have
been built and successfully operated at several DOE facilities.

Alternative 3, off-Site disposal, assumes most of the waste would be sent by rail for off-Site disposal.
Significant challenges would be associated with packaging and shipping some of the larger process
equipment, but waste, including soil and process equipment, has been shipped across the United States
from PORTS and other DOE facilities.

As previously noted, each action alternative includes a commitment by DOE to seek opportunities for the
recycle and/or reuse of materials within the scope of the D&D effort for the gaseous diffusion plant. The
final decision to recycle and/or reuse specific materials or discrete waste streams would be at the
discretion of DOE so long as the recycle and/or reuse materials fits the definition of D&D, does not
require modification of any Ohio EPA-approved or -concurred with Submissions (e.g., Proposed Plan,
Decision Document, Remedial Design, etc.), and is in compliance with all applicable or relevant and
appropriate requirements (ARARs). If DOE’s recycling proposal requires modification of any regulatory
documents (e.g., Proposed Plan, Decision Document, Remedial Design, etc.), DOE will submit its
proposed modification to Ohio EPA for approval or concurrence, as applicable. For the purposes of
evaluating the alternatives, approximately 110,000 cy of materials are tentatively identified from the
scope of the D&D that may be candidates for recycle and/or reuse and are included in the analyses of
each of the action-based remedial alternatives. The final identification of specific materials for recycle
and/or reuse by DOE would take place during the follow-on remedial design and remedial action phases
of the project.

Solution Evaluation. All of the alternatives were evaluated with respect to the DFF&O and
Comprehensive Environmental Response, Compensation, and Liability Act of 1980, as amended
(CERCLA) criteria. The no-action alternative is not protective and does not meet threshold criteria. Both
the on-Site and off-Site alternatives meet the threshold criteria of protectiveness and compliance with
ARARs except that a waiver of the siting requirement in Ohio Administrative Code 3745-27-07(H)(4)(d)
to not dispose of solid waste within 200 ft of a stream would be needed for the on-Site alternative. The
waiver sought is discussed in more detail later in this document. Three key criteria differentiate the
on-Site and off-Site alternatives: (1) transportation risk, (2) duration, and (3) cost.

In regard to transportation risk, estimated injuries from a transportation accident were calculated to be
8.8 for Alternative 2 (on-Site disposal), while the same transportation risk would be 18.7 injuries for
Alternative 3 (off-Site disposal). The estimated numbers of potential fatalities associated with
transportation efforts for Alternative 2 are considerably less than 1, and for Alternative 3 are
approximately 2.4.

In regard to duration, Alternative 3 is estimated to take 50 percent longer to implement than Alternative 2.
This is primarily due to the logistics of moving a large quantity of waste across the country via rail, which
is more challenging than moving that amount of waste across PORTS. Second, with equivalent annual
funding, the added costs of off-Site disposal would lengthen the schedule of Alternative 3 over that of
Alternative 2.

The estimated present worth cost for Alternative 2 is $0.882 billion. The estimated present worth cost for
Alternative 3 is $1.1 billion.

This report, after consideration of regulatory agency and community input, provides information for
selection of a preferred alternative for disposition of waste resulting from D&D actions at PORTS. Other
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supporting documents and information considered during the CERCLA process are available to the public
in the Administrative Record File for this project. This report will be followed by a Proposed Plan that
presents the preferred alternative and solicits public input, and subsequently by a Record of Decision that
documents the selected alternative and addresses public comments on the Proposed Plan.
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1. INTRODUCTION

A total of 3,777 acres of federal land. An enriched uranium production mission that spanned 47 years
(1954-2001). Three of the largest industrial buildings ever constructed—each with more than

30 acres of enriched uranium production capacity under roof. An enrichment system composed of
14,700 process components and 172 miles of internal nickel-plated pipelines. Four hundred and
fifteen ancillary support buildings and structures that supported the enrichment mission within the
interior 1,000-acre industrial area of the site. Five groundwater contamination plumes totaling

160 acres, each with interim measures and/or monitoring now in place. Thirteen legacy landfills—
located in five general areas of the site and totaling 101 acres—that were compliantly closed under
previous regulatory decisions. And, ultimately—once the final remaining facility decontamination and
decommissioning (D&D) and affected environmental media cleanup decisions are made—the
potential generation of upwards of 2 million cy of new demolition and environmental restoration
wastes that will require safe and permanent disposal. The U.S. Department of Energy’s (DOE’s)
Portsmouth Gaseous Diffusion Plant (PORTS) D&D Project, located in Pike County 4 miles south of
the village of Piketon, Ohio, is arguably one of the largest and most complex environmental
restoration projects underwayv in the nation todav.

This Site-wide Waste Disposition Remedial Investigation/Feasibility Study (RI/FS) report provides
technical support for one of the key remaining regulatory decisions driving the PORTS cleanup program:
the decision as to where and how any wastes resulting from the D&D of the Portsmouth gaseous diffusion
plant (GDP) buildings and structures at the Portsmouth reservation will be permanently dispositioned.

In April 2010, DOE and the Ohio Environmental Protection Agency (Ohio EPA) entered into a regulatory
agreement for the PORTS federal facility. This agreement sets the stage for how the D&D and waste
disposition decisions for PORTS will proceed. The agreement is known as The April 13, 2010 Director’s
Final Findings and Orders for Removal Action and Remedial Investigation and Feasibility Study and
Remedial Design and Remedial Action, including the July 16, 2012 Modification thereto (DFF&O)

(Ohio EPA 2012a), adopts Comprehensive Environmental Response, Compensation, and Liability Act of
1980, as amended (CERCLA) decision-making protocols as its underlying regulatory framework and
decision-making architecture. Pursuant to Section I of the DFF&O, the DFF&Os were issued to DOE
pursuant to the authority vested in the Director of Ohio EPA under Ohio Revised Code (ORC)

Sections 3704.03, 3734.13, 3734.20, 6111.03, and 3745.01 and DOE entered into the DFF&O pursuant to
Section 104 of CERCLA, 42 United States Code §9604, Executive Order (EO) 12580, and the Atomic
Energy Act of 1954, as amended (AEA), 42 United States Code §2011, et seq.

Using a CERCLA framework, the DFF&O defines the steps for identifying a range of technical
alternatives for the D&D and waste disposition components of the project, and reaching formal decisions
on how best to proceed. The steps include developing viable alternatives; evaluating and comparing
them; gaining public feedback on the range of alternatives; selecting a final approach and formalizing the
decisions; and then defining the downstream regulatory requirements for successful implementation of the
selected D&D and waste disposition remedial actions.

As a regulatory blueprint, the DFF&O envisions the following principal decision elements (termed in the

DFF&O as “projects”) as the means to carry out the remaining major GDP D&D and waste disposition
decisions for PORTS:
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e The Process Buildings and Complex Facilities D&D Evaluation Project. This remedial action
project consists of the RI/FS, Proposed Plan, Record of Decision (ROD), and Remedial
Design/Remedial Action (RD/RA) documents for most process-related PORTS structures, as
identified in Attachment H of the DFF&O. The emphasis of this remedial action is to evaluate
whether to D&D the buildings and structures, and comparatively examine the impacts if no D&D
action is taken and the buildings are hypothetically allowed to degrade with no institutional or
engineering controls in place.

e Non-Time-Critical Removal Action Projects for Support Structures. This decision-making
option is recognized in the DFF&O to facilitate the D&D of various combinations of support
structures (outside of the Process Buildings and Complex Facilities D&D Evaluation Project) as
fast-track, schedule-driven subprojects. As non-time-critical removal actions, D&D of the support
structures would be accomplished by identifying groups of structures and using Engineering
Evaluation/Cost Analyses, Action Memoranda, and Removal Action Work Plans for the groups of
structures identified. The support structures deemed acceptable in the DFF&O as removal action
candidates are identified in Attachment G of the DFF&O.

e The Site-wide Waste Disposition Evaluation Project. This remedial action project is recognized in
the DFF&O as the regulatory means to reach a remedial action decision for the dispositioning of the
D&D wastes to be generated under the work activities contemplated by the DFF&O. Potential waste
streams associated with environmental media cleanup activities to be conducted under the Resource
Conservation and Recovery Act of 1976, as amended, (RCRA) Ohio Consent Decree and for which
DOE might seek exemptions under Ohio laws and regulations to allow placement of such waste
streams in any potential on-Site disposal cell (OSDC) that might be constructed as a result of the
Site-wide Waste Disposition Evaluation Project are acknowledged in the DFF&O as other potential
waste streams. The Site-wide Waste Disposition Evaluation Project consists of the RI/FS, Proposed
Plan, ROD, and RD/RA documents necessary to implement the selected remedial action.

1.1 PURPOSE OF THE REPORT

The purpose of this RI/FS report is to evaluate waste disposal alternatives to address wastes anticipated to
be generated during the D&D of the Portsmouth GDP consistent with the scope of the DFF&O. Disposal
options include the on-Site disposal of certain acceptable waste materials in a newly engineered and
constructed waste disposal cell and off-Site disposal at properly permitted and/or licensed disposal and/or
treatment facilities.

Waste not generated under the DFF&O are anticipated to be generated during the cleanup of the GDP.
These waste streams will be generated pursuant to a different regulatory decision framework than the
DFF&O. This RI/FS recognizes the possibility that this additional waste could be disposed in the
potential OSDC, assuming the required authorizations are obtained, by separately analyzing the general
impacts and implications attributed to the possible disposal of these non-D&D waste. This RI/FS does
not provide Ohio EPA authorization for the excavation and disposal decisions for these other wastes.
Nevertheless, DOE has evaluated the environmental impact, if any, of the excavation and disposal.
DOE’s analysis has determined that placement of this waste in the potential OSDC would be protective
of human health and safety and the environment assuming such waste meets the waste acceptance
criteria (WAC).

To clarify the regulatory authorities that apply to the various waste streams considered in this document,

each waste stream discussed throughout the rest of the document is identified by a regulatory category
(RC). Likewise, this document also discusses the form that the waste stream takes that is relevant to
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assumptions made about shipping and placement of the waste stream. To clarify which form the waste
stream takes, each waste stream is also identified by an engineering category (EC). The RCs and the
ECs are defined in Table 1.1. In the text, these categories are used when the waste being described is
only a subset of all possible categories. If the regulatory type of waste is not relevant to the discussion,
only the ECs are used. Likewise, if the EC is not relevant to the discussion, only the RCs are used.

Table 1.1. Regulatory and Engineering Categories of PORTS Wastes/Materials

Category Definition
Regulatory Categories

RC-1 DFF&O waste including building D&D waste and residual soil as defined in
the DFF&O.

RC-2 Ohio Consent Decree waste.

RC-3 Non-DFF&O, Non-Ohio Consent Decree waste composed of previously
interred waste in closed waste management units.

RC-4 Other waste for which DOE is a responsible party, including but not limited

to CERCLA actions that are not addressed within RC-1, RC-2 or RC-3.
Engineering Categories

EC-1 Soil and soil-like materials or wastes.

EC-2 Non-soil like, non-liquid waste that generally require EC-1 materials or
wastes to achieve compaction requirements for placement in the potential
OSDC.

CERCLA = Comprehensive Environmental Response, DOE = U.S. Department of Energy

Compensation, and Liability Act of 1980, as amended EC = engineering category

D&D = decontamination and decommissioning OSDC = on-Site disposal cell

DFF&O = The April 13, 2010 Director’s Final Findings RC = regulatory category

and Orders for Removal Action and Remedial Investigation
and Feasibility Study and Remedial Design and Remedial
Action, including the July 16, 2012 Modification thereto

Whenever excavation and/or disposal of non-D&D waste (Categories RC-2, RC-3, or RC-4) is discussed
in this document, whether in terms of additional waste material or fill, it is to be understood that
additional authorization/approval would be required to undertake this activity.

DOE combined the RI and FS reports into a comprehensive RI/FS report, rather than issuing stand-alone
individual RI and FS reports initially contemplated by the DFF&O. As a combined RI/FS report, the
document accomplishes three integrated objectives: (1) it defines the magnitude of the waste disposal
problem, (2) it defines the range of potential solutions, and (3) it individually and comparatively evaluates
the potential solutions so a preferred approach presented by DOE can be evaluated by regulatory agency
decision makers and be shared with the public for review and comment through a subsequent Proposed
Plan.

1.1.1 Scope and Role of the Site-wide Waste Disposition Decision

The scope of the Site-wide waste disposition decision is to determine the best overall approach, based on
the regulatory required evaluation criteria, to permanently dispose of the waste to be generated from the
D&D of the Portsmouth GDP within the scope of the DFF&O. This document also discusses other
possible anticipated waste streams, which are not D&D and for which separate authorization would be
needed to excavate and place such waste into a potential OSDC.
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1.1.1.1  Scope of Site-wide waste disposition decision

The scope of the decision has several facets. The DFF&O and CERCLA’s required nine criteria are used
to conduct the technical-, risk-, and cost-based balancing evaluation of various alternatives to address the
following facets of the decision. An evaluation of National Environmental Policy Act of 1969 (NEPA)
values is included. The decision will also identify the regulatory requirements for design and/or planning
implementation of the selected remedial action, using the applicable or relevant and appropriate
requirements (ARARS).

Disposal

Ultimately, the waste disposition evaluation will support a decision between off-Site disposal and on-Site
with some off-Site disposal for the waste volumes generated during the remediation efforts conducted
under the DFF&O (RC-1). A range of alternatives is developed in this RI/FS to evaluate the disposal
alternatives.

Recycle and/or Reuse

DOE is committed to recycling and/or reuse of materials from the PORTS D&D Project regardless of the
selected disposal remedy. Recycling and/or reuse is part of each disposal alternative. Specific recycle
and/or reuse decisions will be made for discrete materials and waste streams across all phases of the D&D
project as appropriate, including during performance of the RI/FS, remedial design, and remedial actions.
Decisions to recycle and/or reuse materials will be made at DOE’s discretion, following an evaluation of
relevant factors and considerations, so long as the recycle and/or reuse materials fits the definition of
D&D, does not require modification of any Ohio EPA-approved or -concurred with Submissions

(e.g., Proposed Plan, Decision Document, Remedial Design, etc.), and is in compliance with all ARARs.
If DOE’s recycling proposal requires modification of any regulatory documents (e.g., Proposed Plan,
Decision Document, Remedial Design, etc.), DOE will submit its proposed modification to Ohio EPA for
approval or concurrence, as applicable.

Fill Sources to Support Development of an On-Site Disposal Alternative

To control subsidence in a disposal cell, fill is co-disposed with large quantities of waste from building
demolition (EC-2). Fill is always designated as having soil-like properties and therefore is categorized as
EC-1. To completely evaluate an on-Site disposal alternative, it is necessary to consider the source of fill
that would be used in the operation of a potential OSDC, should that alternative be selected for
implementation. This RI/FS evaluates a range of options for obtaining that fill. Purchasing fill or
developing on-PORTS borrow areas are evaluated as potential sources as part of any disposal alternative
that contains a potential OSDC. DOE anticipates that some non-D&D contaminated soil (RC-2, RC-3,
EC-1) may be appropriate to use as fill. Any fill, regardless of source, would need to meet certain
performance standards, which will be set forth in more detail in the Remedial Design documentation. The
decision to use non-D&D contaminated soil (RC-2, RC-3, EC-1) for fill in the potential OSDC is
evaluated in this document; however, additional regulatory approval would be required to excavate and
dispose of this fill. Accordingly, DOE would seek exemptions and authorizations under Ohio laws and
regulations to allow placement of such non-D&D contaminated soil (RC-2, RC-3, EC-1) streams in any
potential OSDC. The impacts and implications of disposing of non-D&D contaminated soil (RC-2, RC-3,
EC-1) from the remaining environmental cleanup activities in such a potential OSDC are considered in
order to better inform design criteria and the WAC. DOE has determined that fill from any contaminated
borrow areas would be protective of human health, safety, and the environment if it meets the WAC for
the potential OSDC. Whenever the use of non-D&D contaminated soil (RC-2, RC-3, EC-1) as fill is
discussed in this document, it is to be understood that DOE would need to seek additional regulatory
approval for excavation and placement in the potential OSDC.
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Ohio Consent Decree and 1997 Administrative Consent Order Waste

There is the potential for generation of waste streams associated with environmental media cleanup
activities to be conducted under the Ohio Consent Decree and the 1997 Administrative Consent Order
(RC-2, EC-1). DOE might seek exemptions under Ohio laws and regulations to allow placement of such
waste streams in any potential OSDC that might be constructed as a result of the Site-wide Waste
Disposition Evaluation Project. The impacts and implications of disposing of the waste (RC-2, EC-1)
from the remaining environmental cleanup activities in such a potential OSDC are considered in order to
better inform design criteria and the WAC.

This RI/FS does not provide the necessary authorization for the excavation and disposal decisions for the
waste from other environmental cleanup activities conducted under the Ohio Consent Decree (RC-2,
EC-1). Nevertheless, DOE has evaluated the potential environmental impact of the disposal of this waste
stream and has determined that placement of this waste in the potential OSDC would be protective of
human health, safety, and the environment assuming such waste meets the WAC. Whenever excavation
and/or disposal of this non-D&D waste (RC-2, EC-1) is discussed in this document, it is to be understood
that additional authorization/approval would be required to undertake that activity.

1.1.1.2  Role of Site-wide waste disposition decision

Ohio EPA entered the orders pursuant to the authority vested in the Director of Ohio EPA under the
various ORC Sections while DOE entered these Orders pursuant to Section 104 of CERCLA, among
others. The DFF&O uses CERCLA decision-making protocols as its underlying regulatory framework
and decision-making architecture. RI/FSs conducted under CERCLA have some special considerations.
To develop objectives and goals of remediation and to develop alternatives, the requirements of federal
and state regulations that apply or are relevant and appropriate (called ARARs) to the problem at hand
must be identified and understood. Entirely on-Site remedial actions are required to attain ARARSs, unless
specific ARARs are waived in accordance with CERCLA. For entirely on-Site remedial actions, the
ARARs include only the substantive requirements of federal, state, and local environmental or facility
siting laws/regulations; they do not include occupational safety or worker radiation protection
requirements or administrative requirements of the laws/regulations. Additionally, per the DFF&O and
40 Code of Federal Regulations (CFR) 300.400(g)(3), substantive requirements of other advisories,
criteria, or guidance that are not ARARs may be considered in determining remedies (to-be-considered
[TBC] guidance). For actions that occur off Site, all elements of the laws and regulations, including the
administrative requirements, must be met.

Another consideration of developing and evaluating alternatives under CERCLA is the concept of
representative process options. As discussed in Section 4.2.5 of the U.S. Environmental Protection
Agency’s (EPA’s) 1988 Guidance for Conducting RI/FSs (EPA 1988), during the development of
alternatives phase of an RI/FS, “...technology processes (called process options) considered to be
implementable are evaluated in greater detail before selecting one process to represent each technology
type to simplify the subsequent development and evaluation of alternatives without limiting flexibility
during remedial design. The representative process provides a basis for developing performance
specifications during preliminary design; however, the specific process actually used to implement the
remedial action at a site may not be selected until the remedial design phase.” For example, an existing
off-PORTS commercial disposal facility has been selected as a representative process option for off-Site
disposal of mixed low-level (radioactive) waste (MLLW). This selection allows detailed cost estimates
and estimates of transportation risk to be generated while still allowing more detailed evaluations to be
used to conduct the final selection. However, identifying this facility as a representative facility during
this RI/FS does not mean that DOE has selected it as the disposal facility for implementation. In the
event off-Site disposal is a component of the final remedy selected in the ROD, DOE will be able to
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consider and use all viable, regulatory-compliant off-PORTS disposal locations for MLLW disposal that
are available.

1.1.2  Relationship to Other Documents

The RI/FS report is a document required by the DFF&O. It provides detailed technical documentation
and foundational engineering and scientific information to support a remedial action decision. It is made
available for use by the general public through the Site-wide Waste Disposition Administrative Record
File. Three other documents will be issued after Ohio EPA concurs with the RI/FS report:

e The Proposed Plan, which summarizes the results of the RI/FS at a level of detail that supports review
by the general public and other entities such as state agencies that may elect to provide input to the
decision. The Proposed Plan also identifies DOE’s preferred remedial action for official comment
during the formal public comment period.

e The ROD, which memorializes the final remedial action decision for the DFF&O D&D work
activities.

e The Responsiveness Summary, which provides DOE’s formal responses to comments received on the
Proposed Plan during the formal public comment period. The Responsiveness Summary will be
attached to the ROD and placed in the official Administrative Record for this remedial action.

Together the RI/FS report, Proposed Plan, ROD, and Responsiveness Summary comprise the
decision-making documents leading to selection of the preferred remedial action. Other implementation
documentation, such as the RD/RA Work Plan and other required remedial design or planning document
submittals, will follow formal issuance of the ROD. The implementation documents will also be subject
to Ohio EPA review and approval/concurrence, as applicable, under the requirements of the DFF&O.

This RI/FS report was prepared in accordance with the DFF&O requirements. The general approach to
evaluating potential remedial actions is based on EPA guidance (EPA 1988). The RI/FS approach also
incorporates NEPA values in accordance with the DOE Secretarial Policy on NEPA (DOE 1994). While
NEPA values are incorporated throughout this RI/FS, they are the particular focus of certain sections in
this report. The affected environment is described in Section 3, Physical Characteristics of the Study
Area, and the environmental consequences (direct and indirect impacts and mitigation measures) are
described in Section 9, Detailed Analysis of Alternatives.

1.1.3 Relationship to Other Environmental Restoration Activities at PORTS

The DFF&O decisions for process facility and support structure D&D and Site-wide waste disposition
remedial actions are part of a larger environmental remediation effort that has been underway at PORTS
since the late 1980s. Most notably, the earlier Ohio Consent Decree efforts focused on interim soil and
groundwater restoration needs outside of the main processing area boundaries. Earlier efforts also
focused on regulatory closure of the existing 101 acres of historical landfills at PORTS.

The DFF&O adopts a CERCLA-based decision framework to complete decision making for the
remaining D&D and D&D waste disposition decisions at PORTS. The earlier Ohio Consent Decree soil
and groundwater and landfill closure efforts were conducted under the RCRA corrective action program
obligations in accordance with the Facility’s Ohio Consent Decree.

Beyond the DFF&O decisions, several key environmental restoration decisions remain, which will be
accomplished under the Ohio Consent Decree: (1) establishment of final cleanup levels for soil and
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closeout of the remaining RCRA solid waste management units (SWMUSs) that were deferred for cleanup
until the process facility D&D decision is made and (2) selection of final remedial actions for affected
groundwater within the reservation to complete the interim actions now in place. In addition, there may
be the need for other actions, including but not limited to those under CERCLA, to be conducted (RC-4).

Section 1.2.2.2 provides an overview of the regulatory and environmental restoration history at PORTS,
dating back to 1989.

1.2 SITE BACKGROUND

This section provides a description of the PORTS Facility and a history of the PORTS operations,
including the production mission history and the historical environmental restoration and regulatory
compliance activities.

1.2.1 Site Description

PORTS, which began operations in 1954, is located on a 3,777-acre federal reservation in a rural area of
Pike County, Ohio (Figure 1.1). From 1954 until 2001, the PORTS gaseous diffusion process enriched
uranium for DOE and predecessor agencies, the Naval Nuclear Propulsion Program, and commercial
customers. In 1993, DOE began leasing the uranium enrichment production and operations facilities at
PORTS for commercial enrichment to the United States Enrichment Corporation (USEC). Uranium was
enriched at PORTS by USEC until May 2001, at which time the production facilities were placed into a
cold-standby mode. During cold standby, the process buildings were maintained with a restart capability
as a strategic hedge against a disruption in the nation’s supply of enriched uranium. DOE terminated the
cold-standby program in September 2005 and replaced it with a cold-shutdown program, which no longer
maintained the gaseous diffusion restart capability. The process buildings, support facilities, and
auxiliary facilities are more than 50 years old but have been maintained in a “safe and secure” condition.
If demolition of the gaseous diffusion buildings and ancillary structures and systems is selected as the
preferred alternative for the buildings, a significant amount of waste will be generated and will require
disposal. The disposal alternatives for this potential waste are being evaluated in this waste disposition
RI/FS.

The GDP and surrounding area are owned by DOE. The plant consists of 415 facilities (“facility” can
mean a building, utility system, or infrastructure unit) with three main process buildings known as X-333,
X-330, and X-326, which house the gaseous diffusion equipment. Various support and auxiliary
buildings/structures include many substantial buildings/structures for product feed and transfer
operations, maintenance, steam generation, chemical cleaning, decontamination, process heat removal,
water supply, water storage, water distribution, and electrical power distribution. Other buildings house
the administrative offices, hospital, cafeteria, security headquarters, plant control facility, and laboratory
support. These buildings consist mostly of concrete/steel construction on concrete slabs.

The three process buildings, as well as most of the remaining buildings and structures, are situated within
the approximately 1,000-acre industrialized area that lies within Perimeter Road. The industrialized area
includes a 750-acre controlled access area. The central, industrialized area is largely devoid of trees, with
managed lawns, parking lots, and paved roadways dominating the open space. The portion of the DOE
property outside of Perimeter Road, consisting of more than 2,500 acres, is used for a variety of purposes,
including a water treatment plant, sediment ponds, sanitary and inert landfills, cylinder storage yards,
open fields, and forested buffer areas (U.S. Nuclear Regulatory Commission [NRC] 2006a). Closed
existing landfills and burial grounds account for approximately 101 acres.
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Natural uranium, as mined, contains approximately 99.3 percent of the nonfissionable uranium-238
isotope and approximately 0.7 percent of the fissionable uranium-235 isotope. Based on the very small
difference in molecular weight between these two isotopes, isolation of these isotopes is achieved using a
physical separation process. The gaseous diffusion process uses uranium hexafluoride (UFy), the only
compound of uranium that exists as a gas at reasonable temperatures and pressures, as the feed stock.
This gas is forced through a porous medium, or “barrier.” Gaseous diffusion is similar to the distillation
process because the light weight components (uranium-235) move up through the process equipment and
are removed near the top, and the heavier components (uranium-238) move down and are removed near
the bottom.

During the uranium enrichment process at PORTS, uranium-235 moved through the barriers more easily,
increasing in concentration as it moved through the process. About half of the gas diffused through the
barrier was fed to the next higher stage, while the remaining undiffused portion was recycled to the next
lower stage. The uranium enrichment process was initiated in X-333 and continued in series to X-330
and X-326. The “products” from the enrichment operations, highly-enriched uranium (HEU) (greater
than 90 percent uranium-235), intermediate-enriched uranium (between 5 and 90 percent uranium-235),
and low-enriched uranium (LEU) (less than or equal to 5 percent uranium-235), were withdrawn from
X-326.

The basic separation equipment for gaseous diffusion is a “stage.” At PORTS, a stage consists of the
following:

e A converter that contains porous separation media (referred to as the barrier material or barrier tubes)
with the support structure to hold the separation media

e A gas cooler
e A compressor driven by an electric motor to move the UF4 gas through the converter
e Interconnecting piping and control valves to contain and control the gas flows.

There are 4,080 stages at PORTS. The three process buildings were constructed to house the equipment
and operations for uranium enrichment, collectively referred to as the “cascade.” The buildings are
located in the center of the PORTS Facility and cover a combined footprint of approximately 90 acres
under roof (Figure 1.2). A brief description of each process building is presented below.

X-333 Building

The X-333 Building was used for the initial enrichment of uranium (up to approximately 2 percent
uranium-235 enrichment). The building is 1,456 ft long, 970 ft wide, and 82 ft high, with a combined
floor space of 65 acres (two stories). This two-story, steel-frame structure is constructed of
asbestos-containing transite siding and steel-reinforced concrete floors and columns. It has a flat,
composite, built-up, tar and gravel-coated roof. Open truck alleys for rail and truck access are located on
the east and west sides of the building.

The process equipment and its associated valves and piping are located on the second floor. This building
contains eight units (80 cells and 640 stages) of ‘000° equipment, which is the largest gaseous diffusion
equipment at PORTS. The converters in the X-333 Building are approximately 13 ft diameter and

24 ft long, and weigh approximately 66,000 Ib.
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X-330 Building

The X-330 Building was used for the intermediate phase of uranium enrichment and tails withdrawal.
This building is 2,176 ft long, 640 ft wide, and 66 ft high, and it has a combined floor space of 55 acres.
The building construction is similar to that of the X-333 Building, with a two-story steel frame;
asbestos-containing transite siding; steel-reinforced concrete floors and columns; and a flat, composite,
built-up, tar and gravel-coated roof. The X-330 Building has one truck alley on its west side.

Similar to the X-333 Building, the process equipment and its associated valves and piping are located on
the second floor. The X-330 Building is similar in design to the X-333 Building, but it contains two sizes
of process equipment, ‘00’ (or X-31) and ‘0’ (or X-29), both smaller in size than the equipment in the
X-333 Building. The X-330 Building contains six units of ‘0’ size equipment (60 cells and 600 stages)
and five units of ‘00’ size equipment (50 cells and 500 stages).

X-326 Building

The X-326 Building was used for the high uranium enrichment phase and enriched product withdrawal.
About two-thirds of the building was used to produce commercial grade nuclear material. This building
is 2,280 ft long, 552 ft wide, and 62 ft high, and it has a combined floor space of 58 acres. The two-story
steel-frame structure is constructed of asbestos-containing transite siding and steel-reinforced concrete
floors and columns. In addition, this building has a flat, composite, built-up, tar and gravel-coated roof.
The process equipment and its associated valves and piping are located on the second floor.

The X-326 Building contains two sizes of equipment, which are the smallest pieces of gaseous diffusion
equipment at PORTS. The two sizes of process equipment are referred to as the X-27 size, the larger of
the two sizes, and X-25 size, the smaller of the two sizes. The converters weigh 3,500 Ib and 4,600 Ib,
respectively. There are three units of X-27-size equipment (60 cells and 720 stages) and 6.5 units of
X-25-size equipment (130 cells and 1,560 stages). In addition, there are 10 six-stage cells, called “purge
cells,” of X-25-size equipment specially designed to remove light gases from the UF¢ stream.

1.2.2  Site History

The sections below summarize the PORTS nearly 60-year history for two categorical areas.

Section 1.2.2.1 focuses on the production mission history dating back to 1954 when PORTS began
operations, and Section 1.2.2.2 focuses on the environmental restoration and regulatory compliance
history dating back to 1989, when the Ohio Consent Decree was issued. This decree requires
investigation and remediation of solid and hazardous waste units at PORTS in accordance with RCRA.

1.2.2.1 PORTS production and waste management history

PORTS began operations in 1954 and was one of three uranium enrichment facilities originally
constructed in the United States; the other two were constructed in Oak Ridge, Tennessee, and Paducah,
Kentucky. PORTS used the gaseous diffusion process to provide HEU to the U.S. Navy and LEU for
electrical power generation. From 1991 until production ceased in 2001, PORTS produced only LEU for
commercial power plants. In 1993, DOE leased the commercial uranium enrichment operations to USEC
while retaining responsibility for certain environmental restoration and waste management activities,
uranium programs, and long-term stewardship of non-leased facilities at PORTS.

In August 2000, USEC made a business decision to terminate its enrichment operations at PORTS and
ceased those activities in May 2001. At that time, DOE contracted with USEC to establish a cold-standby
program to maintain enrichment restart capability at the facility as a strategic hedge against disruption in
the nation’s supply of enriched uranium. The cold-standby program was terminated by DOE at the end of
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fiscal year (FY) 2005, and the facilities have been maintained in cold-shutdown status while D&D was
being planned.

Many operations and maintenance activities at PORTS involved hazardous conditions and the potential
for exposure of personnel and the environment to radioactive and chemical hazards as hazardous
substances. Enrichment process facilities with the potential for such exposures included the gaseous
diffusion cascade and other process buildings; a process feed manufacturing plant; an oxide conversion
plant; decontamination, cleaning, and uranium recovery operations; a smelter; and incinerators. Leaks
and off-gassing from process equipment or components being repaired or replaced exposed workers and
the environment to airborne uranium, transuranic constituents, fission products, fluorine, and hydrogen
fluoride (HF) gas (DOE 2000a). Others worked with various hazardous substances such as asbestos,
beryllium, lead, trichloroethene (TCE) and other solvents, polychlorinated biphenyls (PCBs), acids,
chromium, nickel, lithium, and mercury. Radioactive materials and other hazardous substances were
spilled or released to the environment from production-related facilities and attendant work activities.

Activities to manage wastes and liquid process effluents evolved over the operating lifetime of PORTS.
Throughout the plant’s history, efforts were made to minimize the loss of valuable enriched uranium in
PORTS waste streams. However, in the early days of operation, on-PORTS sanitary landfills likely
received some contaminated material because waste segregation practices were not fully implemented.
As new requirements were enacted, additional waste streams, such as hazardous wastes, were restricted
from disposal in on-PORTS landfills. Oils contaminated with PCBs and uranium were disposed of in oil
biodegradation plots, burned in open containers, or incinerated (DOE 2000a).

The environmental monitoring program at PORTS was initiated in the 1970s in response to many of the
new federal environmental regulations. In the 1970s, several new wastewater treatment systems were
constructed to meet new permit requirements and to significantly reduce the levels of radionuclide
emissions to surface water. The PORTS National Pollutant Discharge Elimination System (NPDES)
permit, issued by the State of Ohio in the 1970s, required testing and reporting of specific chemical and
physical properties and set limits on chemical discharges. Despite the discharge restrictions, legacy
environmental contamination exists in ponds, local ditches, and streams (DOE 2000a).

In 1975, technetium-99 contamination was discovered in liquid effluents from X-705 (DOE 2000a). The
technetium-99 was mainly discharged to Little Beaver Creek via the NPDES outfall associated with the
X-701B Holding Pond. Some technetium-99 was released to the Scioto River. Technetium was also
detected in some airborne discharges. The releases were documented in the Annual Site Environmental
Reports. This discovery triggered significant, long-term efforts at PORTS to isolate sources of
technetium contamination, develop or improve control methods, and establish appropriate monitoring
protocols.

1.2.2.2 PORTS environmental restoration and regulatory compliance history

Dating back to 1989, eight major environmental regulatory documents have been established for PORTS,
along with associated amendments. These are summarized in Table 1.2. The table identifies the
document, its year of enactment, and its major intended purpose.
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Table 1.2. PORTS Regulatory Documents

Regulatory Document Date Purpose
Ohio EPA Consent Decree 1989 Requires investigation and remediation of solid
and hazardous waste units in accordance with
RCRA, between Ohio EPA and DOE.
Toxic Substances Control Act Compliance 1992 Brings DOE into compliance with TSCA

Agreement (EPA and DOE)

Ohio Hazardous Waste Facility Installation and
Operation Permit (and Renewal)

Ohio Director’s Final Findings and Orders for
Site Treatment Plan

Administrative Consent Order

Ohio Director’s Final Findings and Orders for
Integration

Ohio Director’s Final Findings and Orders
[for Depleted Uranium Hexafluoride]

Ohio Director’s Final Findings and Orders for
Removal Action and Remedial Investigation
and Feasibility Study and Remedial Design and
Remedial Action [for the Portsmouth Gaseous
Diffusion Plant (Decontamination and
Decommissioning Project)]

1995-present

1995

1997

1999

2008

2010

regulations; and establishes D&D milestones
for TSCA waste, as modified in 1997.

Allows RCRA-permitted container storage for
hazardous waste with DOE as the Owner and
Co-Operator and current Co-Operator;
references the RCRA Corrective Action Orders:
Ohio Consent, Administrative Consent Order,
and Ohio Director’s Final Findings and Orders
for Integration; and amended in 2011 to
add/remove Co-operator.

Allows for the storage of mixed hazardous
waste beyond the 1-year regulatory limit;
requires an Annual Site Treatment Plan Report;
and the 1993 amendment was superseded.
Requires investigation and remediation of solid
and hazardous waste units in accordance with
RCRA and CERCLA, between EPA and DOE.
Integrates five RCRA closures into the RCRA
Corrective Action Program. Provided for
integration of groundwater monitoring and
surveillance; maintenance of RCRA and solid
waste units; amended in 2011 to update
regulatory citations and include the D&D
contractor.

Requires DOE and assigned parties to generate
and comply with the Depleted Uranium
Hexafluoride Management Plan; amended in
2011 to add/remove assigned parties; and the
2004 and 2005 amendments were superseded.
Provides the framework for DOE to address the
D&D of the GDP and support facilities using
the CERCLA process; amended in 2011 with
revisions to Attachments G, H, and I, corrected
inadvertent omissions, reflected current strategy
of documentation; and amended in 2012 with a
revision to Attachment H.

CERCLA = Comprehensive Environmental Response, Compensation,

and Liability Act of 1980 (as amended)

D&D = decontamination and decommissioning
DOE = U.S. Department of Energy

EPA = U.S. Environmental Protection Agency

GDP = gaseous diffusion plant

Ohio EPA = Ohio Environmental Protection Agency
RCRA = Resource Conservation and Recovery Act, as amended
TSCA = Toxic Substances Control Act of 1976

The existing Ohio EPA Consent Decree, signed in August 1989 by Ohio EPA and DOE, requires DOE to
complete investigations to determine the nature and extent of any environmental contamination that exists
at PORTS, complete cleanup alternative studies, and implement corrective actions as needed.

Coincident with the Ohio EPA Consent Decree, DOE established the Environmental Restoration Program
in 1989 to identify, control, and remediate environmental contamination at PORTS. The Environmental
Restoration Program addresses inactive sites through remedial action, and it deals with contaminated soil
and groundwater associated with active facilities. Because PORTS is a fairly large area, it was divided
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into four quadrants to facilitate the environmental contamination investigation and cleanup process. The
Environmental Restoration Program was established and is currently operated to fulfill the cleanup
requirements of the Ohio EPA Consent Decree and the Administrative Consent Order (known as the
“Three Party Order”) signed in June 1997.

DOE has completed the description of current environmental conditions, RCRA facility investigations
(RFIs), and a cleanup alternatives study/corrective measures study for each quadrant. These
investigations and reports detail the characteristics of PORTS that are pertinent to the waste disposition
evaluation and characterized the nature and extent of contamination at PORTS. The primary sources of
information include the RFIs for the four quadrants (DOE 1996a, 1996b, 1996¢, 1996d) and the
corresponding corrective measures studies (DOE 1998a, 1998b, 2000b, 2001a).

As a result of these studies, the focus has been to control contaminant migration and to address corrective
action or closure of waste units that resided outside the main operating plant area.

1.2.2.3  Site-wide Waste Disposition Evaluation Project DFF&O history

A Pre-investigation Evaluation Report (PER) was prepared under the DFF&O and submitted to the

Ohio EPA in October 2010 (DOE 2010a). The purpose of the PER was to identify the technical approach
to be used in the waste disposition RI/FS, document the RI/FS scoping tasks, record the results from
performing these tasks, and establish a framework for development of the waste disposition RI/FS Work
Plan (DOE 2012a).

The waste disposition RI/FS Work Plan discussed the data gaps identified during the scoping, described
the types of data needed to fill them, and proposed methods for collecting the data. These new data and
already existing data were the necessary basis for developing waste disposal alternatives during the
RI/FS. In addition, the work plan presented preliminary WAC for use in facility siting evaluations and
determining the approach to calculating final WAC, if the on-Site disposal alternative were selected.
WAC establish concentration and activity limits that ensure protection of human health and the
environment. To further support the development of alternatives, the work plan provided a summary of
the screening process used to identify potential locations for an on-Site waste disposal cell.

Filling these data gaps required the collection and analysis of numerous contaminant, geochemical, and
geotechnical samples as well as waste characterization samples. Sampling and analysis plans (SAPs)
were prepared to set forth the sampling approaches and protocols to be followed during RI/FS field
activities and characterization of the process gas systems in support of alternatives associated with the
Site-wide Waste Disposition Evaluation Project (DOE 2012a, 2011a). The RI/FS field activities SAP
addressed data gaps related to siting a potential OSDC, and it also laid plans for collecting the
hydrogeologic information necessary for developing modeled WAC. The equipment characterization
SAP identified intrusive samples, nonintrusive samples, and measurements necessary to characterize the
PORTS process gas systems and components. The analytical data from these samples and the
measurements support estimating assumptions for waste materials and help to determine the quantities of
waste to be disposed, and also support the development and evaluation of the alternatives.

1.3 REPORT ORGANIZATION

This RI/FS report consists of an executive summary, 10 individual sections constituting the main report,
and 12 supporting appendices (Appendices A through L). A brief overview of each of the 10 sections
contained in the main report is provided below. The overview includes a discussion of the content of the
section, identifies the supporting appendices, and provides a summary of conclusions when appropriate.
Readers should note that while the DFF&O contains outlines of required elements for individual RI and
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FS reports, DOE has merged the two outlines into a combined RI/FS report. This report follows the
combined outline and includes all of the required elements.

Figure 1.3 presents a summary flow diagram showing the CERCLA contents of the RI/FS report by
section. Section 10 is not included as it was outside the CERCLA process. This figure will be used
throughout the report to remind the reader of where he/she is in the document and what issues are
addressed by a given section.

Section 1 — Introduction

Section 1 presents an overview of PORTS and its remediation history, discusses Facility-wide regulatory
issues, defines the scope of the Site-wide waste disposition evaluation, and identifies the later decision
documents that will be supported by the RI/FS.

Section 2 — Study Area Investigation

Section 2 provides a compilation of the field investigations performed to support the waste disposition
evaluation. It summarizes relevant historical investigations, recent field investigations conducted during
the RI/FS, and the results from these investigations. This section identifies the specific studies that were
conducted to refine decision parameters and support technical evaluation of the alternatives under
consideration in the FS.

In support of Section 2, Appendix A presents contamination characterization sample results, Appendix B
presents boring and well installation logs, and Appendix C identifies the results from geotechnical and
geochemical samples.

Section 3 — Physical Characteristics of the Study Area

Section 3 describes the existing environmental setting of PORTS and surrounding areas to support the FS.
This information includes surface features, meteorology, surface water hydrology, geology, soils,
hydrogeology, demography and land use, cultural resources, transportation, and ecology. The section is
intended to support the identification of environmental pathways and receptors, which are used in
development of the RI/FS conceptual site model (CSM). The CSM is a tool used in the human health and
ecological risk evaluation and in the identification and development of protective and compliant remedial
action alternatives.

To support Section 3, Appendix D identifies the characteristics of the final candidate locations for a
potential OSDC under an on-Site disposal alternative.

Section 4 — Basis for Projected Waste Streams and Volumes and Potential Uncertainties
Section 4 presents updated estimates of D&D (RC-1) and environmental remediation waste volumes
(RC-2, EC-1) that are anticipated to be generated at PORTS, and an assessment of the expected
characteristics of the waste. This section also provides a discussion of the potential uncertainties
associated with the waste volumes and characteristics.

The intent of this section is to support a waste disposition evaluation for future wastes generated under the
DFF&O cleanup D&D work activities (RC-1) and to ensure any OSDC design and WAC takes into
account these waste types. Additionally, DOE is evaluating non-D&D wastes (RC-2, EC-1) for potential
placement in a potential OSDC, again to ensure the potential OSDC design and WAC can accommodate
such waste streams if they are approved for placement in a potential OSDC. A discussion of potential fill
sources (RC-2, RC-3) for any on-Site disposal options is also provided. This section concludes that
sufficient information is available to adequately define waste volumes and characteristics for alternative
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development and cost-estimating purposes, and to define the nature and extent of contamination for
developing source-term estimates. In support of Section 4, Appendix A presents recently collected data
on contamination levels in the process equipment. Appendix E contains detailed waste volume estimates.

Section 5 — Potential Threat to Human Health, Safety, and the Environment
Section 5 is intended to summarize the potential risks associated with the PORTS buildings and process
equipment under a no-action alternative. A streamlined, qualitative risk evaluation is presented.

For a no-action decision, the streamlined evaluation concludes that the contaminant concentration levels
present in the D&D waste streams can result in hypothetical long-term human health threats of sufficient
magnitude to justify the need for a remedial action. This conclusion and the results from the risk
assessment serve as one of the cornerstones for setting the remedial action objectives (RAOs) presented in
Section 7.

Section 6 — Summary of Problem Statement

Section 6 summarizes the primary investigation results and conclusions from Sections 2 through 5 of the
RI/FS report. It is intended to serve as a foundation for the FS process presented in Sections 7 through 9.
Readers who want to pass over the details in Sections 2 through 5 and their supporting appendices can use
Section 6 to prepare for the FS portion of the report.

Section 7 — Preliminary Identification and Screening of Waste Disposition Alternatives

Section 7 presents the chemical- and location-specific ARARs, RAOs, and general response actions
(GRAs) for the development of waste disposition alternatives. This section identifies and screens
potential technology types so representative process options can be identified for developing alternatives.
During the identification process, each relevant technology and process option is evaluated in terms of
implementability, effectiveness, and cost. One on-Site engineered disposal process option and

three off-Site disposal options are selected in this section for development into alternatives.

Three appendices support the identification of alternatives in Section 7. Appendix F presents the ARARs
and pertinent TBC guidance related to waste disposition. Appendix G is an engineering study of process
options to mitigate void-related subsidence in the disposal of process building equipment and piping.
Appendix H is a detailed evaluation of potential sources of fill for operating a potential OSDC.

Section 8 — Final Development of Alternatives

Section 8 explains the assembly of representative process options into final remedial action alternatives,
each aimed at achieving the RAOs and complying with ARARs. This section provides a sufficiently
detailed description of each alternative to support the evaluation of alternatives in Section 9.

Appendix I supports Section 8 by presenting the development of draft modeled WAC for on-Site
disposal, as required by the DFF&O. Appendix J presents a conceptual design for a potential OSDC at a
representative location to support the development of an on-Site alternative. Justification for the
representative location can be found in Appendix D.

Section 9 — Detailed Analysis of Alternatives

Section 9 presents an individual analysis of each final alternative developed in Section 8, along with a
comparative analysis of the alternatives using the nine CERCLA criteria recognized in the DFF&O.
Descriptions of the individual analyses are presented, including a NEPA evaluation of potential impacts.
The intent of this section is to distinguish the advantages, disadvantages, and tradeoffs between the
alternatives.
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Appendix K provides a compilation of supporting technical evaluations conducted to assist in the detailed
analysis of the alternatives, including an on-PORTS and off-PORTS transportation risk analysis, an
evaluation of greenhouse gas impacts resulting from transportation of waste from PORTS, and an
examination of passive leachate treatment system failure for a hypothetical OSDC. Appendix L presents
the development of the cost estimates and associated cost estimate backup for each of the remedial action
alternatives.

Section 9 illustrates that the major differentiating elements between on-Site and off-Site disposal are
issues surrounding long-haul transportation and cost. Both options are protective and meet all applicable
regulations or provide a basis for a waiver. Included in this section is an evaluation of the impacts and
implications on an on-Site disposal alternative of co-disposal of wastes generated under the Ohio Consent
Decree (RC-2, EC-1) with the D&D waste (RC-1).

Section 10-Ancillary Benefits of Alternative 2

Section 10 is the final section and it describes ancillary benefits that may be achieved through the use of
an on-Site disposal option. This section is provided for the decision makers to understand the overall
benefits of on-Site disposal from a programmatic standpoint that are not part of the DFF&O decision.

DFF&O Compliance Matrices to Assist in Review of the RI/FS

The DFF&O contains requirements and attached outlines for developing RI and FS reports. It also
contains a generic statement of work (SOW) for conducting and documenting Rls and FSs. To assist
readers with mapping the contents of this RI/FS report to the RI and FS report outlines and SOW
requirements, a set of compliance matrices is included. These can be found after Section 11 (the
references) in the main report.

Each of the three compliance matrices serves as a crosswalk of requirements and how those requirements
were addressed in the individual sections and appendices of the RI/FS report. The first compliance matrix
focuses on RI report requirements (Attachment A, Appendix E, Outline E-1 of the DFF&O). The second
matrix focuses on FS report requirements (Attachment A, Appendix G, Outline G-1 of the DFF&O), and
the third matrix focuses on the RI and FS SOW itself (Attachment A of the DFF&O).

Readers can detach the provided matrices and use them to track compliance with all major DFF&O
requirements and reporting obligations.
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2. STUDY AREA INVESTIGATION

Problem definition begins by assimilating the historical and current data that have been collected. These
data are then used in subsequent stages of problem definition to build a CSM that defines the source of
contamination, the fate and migration potential of the contamination, and the exposure to potential
receptors. The intent of Section 2 is to present the relevant historical and current data that are used in
later sections. Section 2 provides an overview of previous environmental restoration investigations and
waste disposition planning activities (Section 2.1), and it introduces the recent investigations conducted to
support development of a CSM and to develop alternatives (Section 2.2). The primary objectives of these
recent investigations were to: (1) collect physical samples from select process gas equipment (PGE) to
characterize waste constituents that may be present in the D&D waste to support all alternatives and

(2) collect hydrogeological, geochemical, and geotechnical data identified during data quality objective
workshops to support development of WAC and selection of a location for a potential OSDC. To identify
the media to be sampled during the sampling efforts and specify the methods for collecting and analyzing
the samples, two separate SAPs were prepared. A summary of the sampling conducted and a summary of
the results from the various sampling programs are presented in this section.

This section is then completed with an explanation of deviations from the initial SAPs (Section 2.3) and
an assessment of how the data meet the quality assurance (QA)/quality control (QC) requirements
identified in the SAPs (Section 2.4).

2.1 PREVIOUS INVESTIGATIONS

Numerous environmental investigations have been conducted in and around PORTS by DOE. These
investigations were focused primarily on releases and impacts to the environment that occurred exterior to
the process buildings. While remediation of the environmental contamination is not a focus of this RI/FS,
previous studies discussed in the following sections provide useful information about past operations
originating in the process buildings at PORTS and provide details on the environmental setting, which are
used to develop a CSM for the current waste disposition RI/FS. Results from these studies can be used to
assess future contamination migration potential if no action is taken and to identify chemicals of potential
concern (COPCs).

2.1.1 Environmental Restoration

The DOE Environmental Restoration Program was established in 1989 to identify, control, and remediate
environmental contamination at PORTS. Because PORTS is a large plant, it was divided into quadrants
to facilitate the environmental contamination investigation and cleanup process. The Environmental
Restoration Program was established to fulfill the cleanup requirements of the Ohio Consent Decree and
Administrative Consent Order signed in June 1997.

DOE has completed the description of current environmental conditions, RFIs, and a cleanup alternatives
study/corrective measures study for each quadrant, as summarized below. The four quadrant RFTs,
implemented between February 1991 and July 1994, collected approximately 1,250 soil samples and

500 groundwater samples from 77 SWMUs. These investigations and reports have detailed the
characteristics of PORTS that are pertinent to the waste disposition evaluation, characterized the nature
and extent of contamination at PORTS, and provided a robust dataset that covers the primary industrial
area of PORTS. The primary sources of information include the RFIs for the four quadrants

(DOE 1996a, 1996b, 1996¢, 1996d) and the corresponding corrective measures studies (DOE 1998a,
1998b, 2000b, 2001a).

2-1 FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM



DOE/PPPO/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030
Revision 5

February 2014

The RFlIs, in addition to defining and characterizing sources of contamination and delineating the nature
and extent of contamination at many waste management units, concluded that groundwater contamination
had the potential to migrate off PORTS, but the plume movement was slow. With the exception of
Quadrant I, where the Gallia is continuous to off-PORTS areas, the RFIs concluded that other areas of
groundwater contamination would likely discharge to surface water prior to migrating off PORTS. The
RFIs also concluded that primary contributors to risk included several metals (arsenic, beryllium,
chromium, cadmium, nickel, and vanadium), technetium-99, uranium isotopes, PCBs, polycyclic
aromatic hydrocarbons (PAHs), and chlorinated solvents (e.g., TCE).

The Quadrant I Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 2000b) was approved by Ohio EPA in 2000. In 2001,
Ohio EPA issued the decision document for Quadrant I, which provided the required remedial actions for
the X-749/X-120 groundwater plume, Quadrant I Groundwater Investigative Area (the 5-Unit
Groundwater Investigative Area), and X-231A/X-231B Oil Biodegradation Plots, to address TCE
contamination. Remedial actions required for the X-749B Peter Kiewit Landfill were provided in
separate decision documents issued by Ohio EPA in 1996 and EPA in 1997 to address organic
compounds and radionuclides emanating from the landfill. In 2004, TCE was detected in groundwater
from an off-PORTS monitoring well south of the DOE property. TCE levels were less than the drinking
water standard of 5 ug/L. Subsequent actions were implemented, including the addition of extraction
wells in the X-749 South Barrier Wall area, to mitigate further migration of the groundwater plume.
Monitoring data indicate these wells are functioning as intended to reduce contaminant migration

(DOE 2012b), and current data indicate that the off-PORTS TCE contamination has been reduced to
non-detect levels.

The Quadrant Il Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 2001a) was approved by Ohio EPA on March 26, 2001.
After approval of the document, however, Ohio EPA requested an amendment to the approved study to
address additional remedial alternatives for the X-701B area. Amendments were submitted in 2001

and 2002. In January 2003, Ohio EPA informed DOE that a separate Preferred Plan and decision
document would be prepared for the X-701B area. Ohio EPA issued the X-701B Preferred Plan in
September 2003 and the X-701B Decision Document in December 2003 to address TCE in groundwater.

Phase I field activities for the X-701B groundwater remediation began in September 2005 to determine
operating parameters for the oxidant injection system, including the injection methodology, rate, pressure,
and spacing; reagent concentration; and reagent volume. Based on the results of the Phase I field
activities, DOE developed a work plan for completion of the groundwater remediation at X-701B. This
work plan was approved by Ohio EPA in September 2006. The first phase of oxidant injections was
completed during October 2006, with Phase II injections completed in April 2007 and August 2007.

In 2008, additional Phase II injections were completed in April, June/July, and October. Following the
October oxidant injections, DOE-PORTS requested an independent review of the X-701B project by
DOE Headquarters to evaluate remediation results to date and provide recommendations for a path
forward. The review determined the injections had been moderately successful in the upper and middle
soil horizons, but they had not been effective in addressing the TCE contamination in the lower Gallia
sand and the upper Sunbury shale. As a result of the review, DOE completed an Interim Remedial
Measure in 2009 and 2010 that achieved a significant reduction in TCE in the deeper horizons. The
Interim Remedial Measure included excavating the soil horizons, blending them with oxidants, and then
replacing them back into the excavation in a manner that reconstructed the original geologic stratigraphy.

2-2 FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM



DOE/PPPO/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030
Revision 5

February 2014

The Quadrant Il Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 1998a) was approved by Ohio EPA in 1998. The decision
document for Quadrant III required phytoremediation of the TCE groundwater plume near the

X-740 Waste Oil Handling Facility. A Supplemental Evaluation to the 2003 Five-Year Evaluation Report
for the X-740 Phytoremediation System at the Portsmouth Gaseous Diffusion Plant, Piketon, Ohio

(DOE 2007a), submitted to Ohio EPA in January 2007, found that the phytoremediation system had not
performed as expected in removing TCE from groundwater in this area. In response to this evaluation
and Ohio EPA comments, DOE submitted a work plan for additional remedial activities in the

X-740 area. Three rounds of oxidant injections were completed in the summer of 2008 to remove TCE
from the groundwater. The oxidant briefly reduced TCE concentrations but concentrations returned to
typical levels by the end of 2008 (DOE 2011b). In 2010, enhanced anaerobic bioremediation was
approved and implemented as a pilot study to address the plume at the X-740 area.

The Quadrant 1V Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 1998b) was approved by Ohio EPA in 1998. DOE
received the decision document for Quadrant IV in 2000. No new remedial actions were required in
Quadrant IV. (Remedial actions had already taken place at the X-344D Hydrogen Fluoride Neutralization
Pit, X-735 Landfills, X-611A Former Lime Sludge Lagoons, and X-734 Landfills.) The First Five-Year
Review for the X-734 Landyfill Area at the Portsmouth Gaseous Diffusion Plant, Piketon, Ohio was
submitted to Ohio EPA in 2008 (DOE 2008). This report found that construction of the caps on the
landfills had achieved RAOs by isolating contaminants in soil and sediment from potential receptors. The
caps are preventing contaminants in soil and sediment from migrating to groundwater and surface water.
Ohio EPA approved the report in December 2008.

2.1.2 Waste Disposition Planning

From 2002 through 2009, DOE prepared several documents about a potential waste disposal facility at
PORTS, during which time oftf-PORTS shipments of waste continued. These reports covered subjects
that included the following:

Preliminary assessment (November 2002) (Bechtel Jacobs Company LLC [BJC] 2002)
Identification and screening of candidate locations (April 2003) (BJC 2003a)

Waste volume/characteristics inventory (April 2003) (BJC 2003b)

Conceptual design of a potential waste disposal facility at PORTS (August 2006) (DOE 2006).

The identification and screening report (BJC 2003a) considered a potential waste disposal facility at
PORTS that would consist of an above-grade, RCRA-compliant earthen disposal cell with a capacity of
4 million cy and a waste footprint of 42 acres. The report estimated an additional 108 acres would be
needed for ancillary facilities to support initial operations and facilities needed for staging, temporary
storage, transport support equipment decontamination, storm water management, security, weighing, and
administration. The total footprint for the entire disposal facility would be approximately 150 acres.

PORTS-specific screening criteria were developed to identify and evaluate a wide range of candidate
locations for the facility. The screening criteria were based on ARARs for siting a mixed hazardous and
radioactive waste disposal facility, as well as other site-specific criteria (geologic, hydrologic, and seismic
conditions; land use plans; topographic features; etc.). Sixteen candidate locations were initially selected
throughout the DOE property at PORTS (Figure 2.1). During this preliminary siting effort, DOE
requested at least one of the candidate locations be in an area that has been impacted by former waste
management activities and at least one candidate location be in an area that has not been impacted.
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DOE Property Boundary

- Initial OSDF Candidate Site

SOURCE: Madified from BJC 2003a

Figure 2.1. Initial Candidate Locations for a Potential Waste Disposal Facility
at PORTS
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The initial candidate locations met preliminary siting requirements and could reasonably be considered
acceptable areas for placement of a potential disposal facility at PORTS. To be considered as an initial
candidate location, the location had to be entirely within DOE-owned property, contain at least

150 contiguous acres, and not be technically or administratively impracticable or cost prohibitive. The
potential locations went through two screening stages against the siting criteria, which resulted in three
sites being recommended for further evaluation in an RI/FS.

The Portsmouth Gaseous Diffusion Plant Decontamination and Decommissioning Project On-site Waste
Disposal Facility Conceptual Design - Final Submittal (DOE 2006) provided a conceptual design and life
cycle cost estimate for construction of a potential disposal facility at PORTS. The document provided
conceptual-level descriptions of disposal cell design, operational requirements, and capping/
post-operations requirements.

The potential disposal facility was proposed at PORTS for disposal of waste from D&D of the
Portsmouth GDP. The design report included the following general benefits of such a facility:

e Acceleration and cost reduction of the D&D activities
e Reduced risks and potential injuries from transport of wastes to an off-PORTS facility

e Greater level of certainty that long-term disposal capacity would be available at PORTS to support
D&D and remediation activities

e Provision of jobs and opportunities within the local economy.

The conceptual design was based on the waste types and volumes estimated in the waste management
plan (Theta Pro2Serve Management Company, LLC [TPMC] 2006a) (Section 9.7 of the 2006 Conceptual
Design Report). Wastes excluded from the potential disposal facility at PORTS included liquid waste,
transuranic (TRU) waste, RCRA land-banned waste, USEC-generated waste, municipal sanitary waste,
and waste generated off PORTS. With an assumed area of 150 acres needed for a potential disposal
facility at PORTS, the 2006 Conceptual Design Report recommended four locations that the project team
considered to be candidate locations requiring further assessment (Figure 2.2).

2.1.3 Existing Study Area Data

Development and evaluation of an on-Site disposal alternative pursuant to the DFF&O requires data on
the geochemical properties of the soil for groundwater modeling and WAC development, as well as
hydrogeological characteristics of the potential location for a disposal facility. Geotechnical data are
required to determine soil properties such as subsidence, compaction, permeability, etc. for facility
design. Hydrogeological data are required to evaluate compliance of the location of such a facility with
ARARSs such as the State of Ohio waste disposal siting requirements.

Considerable existing geologic and hydrogeologic data are available for PORTS, including data from
more than 1,600 soil borings. This data can be found in facility investigation and corrective measures
reports for the four quadrants, as well as in annual groundwater reports. Data regarding depth to
groundwater are sufficient over most of the Facility. However, as previously stated, minimal existing
data are available for some potential disposal facility locations. Therefore, additional investigation
activities have occurred at potential locations to supplement existing information.
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Figure 2.2. Four Potential Locations for a Disposal Facility Considered
in a 2006 Conceptual Design Report at PORTS
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Existing geochemical data include total organic carbon (TOC) and cation exchange capacity data
collected during previous investigations and PORTS-specific soil adsorption coefficients (K4 values)
derived for a vadose zone soil-leaching study performed in 1994. The TOC dataset, which has a
lognormal distribution, ranges from 0.00008 to 0.0082 kg/kg with a geometric mean of 0.0009 kg/kg or
0.09 percent. The cation exchange capacity dataset has a normal distribution ranging from

4.8 milliequivalents (meq) per 100 g to 25.0 meq/100 g with a mean of 13.9 meq/100 g (DOE 2012a).

The K4 values for contaminants of interest are both chemical- and site-specific. The K4 value of an
organic contaminant, such as TCE, is calculated using the TOC values from the soil. The K, values are
used for fate and transport modeling and have an indirect influence on the transport of contaminants.
That is, the greater the Ky value, the more adsorption to soil, which results in reduced contaminant
transport through the groundwater pathway. The K, values for selected metals at PORTS were measured
experimentally to support preliminary remediation goal (PRG) development in 1994 (DOE 1995a).

Site-specific Ky values were measured for antimony, arsenic (V), barium, cadmium, chromium

(IIT and VI), lead, manganese, and mercury using a 24-hour, batch-type procedure (American Society for
Testing and Materials [ASTM] D4646-87) on Minford silty, clayey soil. The values determined from the
previous study are shown in Table 2.1.

Table 2.1. Soil Adsorption Coefficients Previously

Measured at PORTS
Soil Adsorption Coefficient

Contaminant (mL/g)
Antimony 422
Arsenic (V) 208
Barium 545
Cadmium 48.5
Chromium (IIT) 810
Chromium (VI) 7
Lead 28,300
Manganese 16.5
Mercury 41

Source: DOE 1995a

DOE = U.S. Department of Energy

Geotechnical information is sparse for the locations being evaluated for a potential OSDC. Most existing
geotechnical data are related to foundation studies for the GDP facilities and centrifuge project facilities.
Therefore, geotechnical information specific to each of the current four study areas was collected to
support the current RI/FS.

The Minford consists primarily of over-consolidated lean clays and silts. Based on several thousand
split-spoon samples, fat clays constitute approximately 8 percent of the Minford, lean clays constitute
about 59 percent, and silts constitute approximately 33 percent. Plastic limits of the clays are relatively
constant with depth and average approximately 20 percent. Liquid limits typically decrease with depth.
In situ moisture contents are generally within 5 percent of the plastic limit, which is typical for
over-consolidated clays. As expected with over-consolidated soils, the Minford soils are quite strong
(Law Engineering 1978), as evidenced by standard penetration resistance values.
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Historical analytical data for contaminants present in soils within the potential OSDC study areas being
evaluated in this RI/FS have been reviewed and compared to Minford soil background concentrations for
PORTS and applicable risk-based PRG values for the purpose of determining if residual contamination
from plant operations is present in these locations. Even where data may exceed the background value, it
may still fall within the background range. In the 1996 background study, the established background
values, or the upper tolerance limit for the background dataset, represent the maximum concentration of
naturally occurring constituents that would be expected in the environment. More specifically, the
established background values contain 95 percent of all possible sample measurements in the background
dataset (DOE 1996¢). Risk-based PRG values were used for screening to aid in identifying if an area
warranted further evaluation. The RI/FS Work Plan (DOE 2012a) provided a summary of the
contaminant data at each current study area, and an additional discussion of data collected for this RI/FS
is presented in the following sections of this RI/FS report.

2.1.4 Historical PORTS D&D Data

Several plant support buildings and structures have been demolished under previous removal actions.
The buildings with waste characterization data available are: X-100, X-100B, X-101, X-102, X-103,
X-106, X-109C, X-334, X-342C, X-344, X-600, X-600B, X-600C, X-605, X-624-1, X-633, X-744S,
X-760, and X-770. These buildings and structures ranged in complexity from simple warehouses and
sheds having no contamination to complex facilities that were heavily contaminated with radionuclides,
chemicals, and PCBs. Samples were collected from these buildings and structures to support waste
characterization prior to disposition. Some individual buildings and structures had the potential for
radiological, volatile organic compounds (VOCs), semivolatile organic compounds (SVOCs), heavy
metals, corrosives, and biological hazards contaminants to be present. Knowledge of materials or
chemicals used in the buildings was the basis for identifying additional COPCs and developing the
characterization plans. Based on the proximity of the buildings to areas of contamination or to historic
releases, it was assumed that PORTS-related contamination potentially existed at every building. As
these buildings span the range of complexity, they are representative of the majority of the waste streams
that are anticipated to be generated from the D&D of PORTS.

The results from the waste characterization sampling effort are summarized in Table 2.2. As noted in the
table footnotes, various buildings were sampled and analyzed for metals, commonly used organics,
radionuclides, and samples were also analyzed using the Toxicity Characteristic Leaching Procedure
(TCLP). These results represent the minimum and maximum values for selected constituents. The
building or structure in which the minimum or maximum occurred is also identified. Only detected
values are presented. Note that not all sample results have been validated. For example, buildings and
facilities sampled prior to the DFF&O were sampled for internal purposes and did not have the same
validation as more recent sampling plans developed under the DFF&O.

Table 2.2. Characterization Results from Previous Buildings and Structures

Minimum Maximum
Inorganics/Organics (mg/kg) Building (mg/kg) Building
Arsenic 0.27 X-633 719 X-600
Barium 1.63 X-633 1,700 X-100
Cadmium 0.0402 X-633 89.8 X-106
Chromium 0.21 X-760 1,470 X-600B
Lead 0.386 X-633 2,590 X-600
Mercury 0.0089 X-760 1.29 X-600
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Table 2.2. Characterization Results from Previous Buildings and Structures

(Continued)

Minimum Maximum
Inorganics/Organics (mg/kg) Building (mg/kg) Building
Selenium 0.236 X-103 272 X-600
Silver 0.16 X-103 13.9 X-600
Benzene 0.032 X-100 0.032 X-100
Chlorobenzene 0.003 X-342C 0.18 X-102
Chloroform 0.003 X-342C 0.665 X-600
1,1-Dichloroethylene 0.193 X-101 16.4 X-101
Tetrachloroethylene 0.065 X-600B 0.318 X-600B
Trichloroethylene 0.00047 X-103 0.087 X-600B
2,4,6-Trichlorophenol 2.47 X-600 2.47 X-600
PCB-1016 0.0084 X-103 1.95 X-103
PCB-1242 0.00515 X-102 2.67 X-101
PCB-1248 0.00152 X-101 0.74 X-100B
PCB-1254 0.00201 X-600 221,000 X-100
PCB-1260 0.00443 X-106 67,400 X-100
PCB-1268 0.00553 X-106 18,900 X-106
PCB total 0.005 X-103 279,000 X-100

TCLP

Minimum Maximum Limit
TCLP (mg/L) Building (mg/L) Building  (mg/L)
Arsenic 0.005 X-770 4.19 X-100 5.0
Barium 0.0063 X-770 4.00 X-106 100
Cadmium 0.0011 X-770 0.711 X-103 1.0
Chromium 0.0041 X-106 25 X-100 5.0
Lead 0.004 X-770 4,890 X-106 5.0
Mercury 0.00089 X-100 0.0056 X-770 0.2
Selenium 0.0076 X-770 1.44 X-600 1.0
Silver 0.0105 X-600 0.503 X-600 5.0
1,1-Dichloroethylene 0.442 X-101 12.3 X-101 0.7

Minimum Maximum
Radionuclides (pCi/g) Building (pCi/g) Building
Technetium-99 0.132 X-334 109 X-600
Thorium-228 0.157 X-760 1.86 X-760
Thorium-230 0.2660 X-600 4.30 X-600
Uranium-232 0.0122 X-760 0.0197 X-760
Uranium-233/234 0.132 X-100 324 X-344
Uranium-234 2.68 X-106 98.5 X-600
Uranium-235 0.00546 X-600 16 X-344
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Table 2.2. Characterization Results from Previous Buildings and Structures

(Continued)
Minimum Maximum
Radionuclides (pCi/g) Building (pCi/g) Building
Uranium-235/236 0.0198 X-334 1.06 X-106
Uranium-236 0.00746 X-770 0.523 X-600
Uranium-238 0.0173 X-600 325 X-344
Plutonium-239/240 0.0141 X-760 0.0283 X-760
Plutonium-242 0.0184 X-342C 0.0184 X-342C
Americium-241 0.029 X-760 0.029 X-760
Uranium-235 (weight %) 0.157 X-770 2.7 X-103

Bolded TCLP maximums represent exceedances of the TCLP limit.

Buildings with "mg/kg" results: X-100, X-100B, X-101, X-102, X-103, X-106, X-109C, X-334, X-342C, X-344,
X-600, X-600B, X-600C, X-605, X-624-1, X-633, X-744S, X-760, X-770.

Buildings with TCLP (mg/L) results: X-100, X-100B, X-101, X-102, X-103, X-106, X-109C, X-334, X-342C, X-344,
X-600, X-600B, X-600C, X-605, X-624-1, X-633, X-744S, X-770.

Buildings with "pCi/g" results: X-100, X-100B, X-101, X-102, X-103, X-106, X-109C, X-334, X-342C, X-344,
X-600, X-600B, X-600C, X-624-1, X-633, X-7448S, X-760, X-770.

PCB = polychlorinated biphenyl
TCLP = Toxicity Characteristic Leaching Procedure

Most of the maximum radionuclide values are low with slightly elevated uranium activities in X-344.
The X-100 Administration Building is associated with maximum values of arsenic and chromium in
TCLP extracts (with chromium exceeding the TCLP limit) and PCBs. PCBs in X-100 are mostly
associated with ventilation duct gaskets and light ballasts. Several of the maximum values of other
constituents (such as arsenic, lead, mercury, selenium, silver, thorium-230, and uranium-234) were also
associated with the X-600 Steam Plant. Selenium in a TCLP extract from X-600 exceeded the TCLP
limit.

2.2 SITE-WIDE WASTE DISPOSITION INVESTIGATIONS

There are information and data collection activities that occur at each primary stage of a remedial project.
The three primary stages of a project are the decision-making stage where the RI/FS, Proposed Plan, and
ROD are developed; the design stage; and the implementation stage where the remedy is installed or
implemented. The implementation stage includes any necessary efforts to safely dispose of the waste.
The data needs in a phased remedial project, as required by the DFF&O, can be organized in these

three stages:

e Decision-making Stage: data necessary to support the development, comparison, and selection of
remedial alternatives.

e Design Stage: data necessary to complete the final design of the selected remedial alternative
according to the approved ARAR requirements and RAOs.

e Implementation/Waste Disposal Stage: data necessary to demonstrate ARAR compliance, determine
WAC attainment, ensure worker safety, and document physical completion of the remediation.
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There are three primary types of data or information available: (1) that available from process knowledge
(such as from design drawings, past studies and reports, staff experience); (2) that from samples that are
collected from environmental media or materials of construction and analyzed in a laboratory; and (3) that
from field instrumentation (such as radiological surveys). The various stages of a project have a different
degree of reliance on the types of information, as shown in Figure 2.3. Process knowledge, along with
historical analytical data, is very useful during the decision-making stage of projects, but it often needs to
be supplemented with additional data to answer questions specific to evaluating alternatives. For the
waste disposition RI/FS, data quality objectives were developed and SAPs were written to fill siting
information needs and WAC development information needs. Additionally, more information and data
will be needed as the project progresses beyond the decision. There are pre-design efforts planned to
better understand location conditions and to anticipate construction material behavior, including when the
construction material is in contact with the waste that will be placed in a potential OSDC.

Collection of analytical data can be time consuming and expensive. Therefore, during each phase of the
project, the need for additional analytical data is carefully considered. The DFF&O has specific
requirements for data collection as well as specific plans identified to document the data collection
activity. Figure 2.4 illustrates the various stages of the project and the information needs identified in the
DFF&O.

Decision-Making Stage. During the decision-making stage of the project, the existing data and scope of
the decision to be made are evaluated during development of the RI/FS Work Plan. During this process
for the waste disposition RI/FS Work Plan, additional data for siting a potential OSDC and for calculating
a modeled WAC were identified as being needed. The results from this data collection activity are
presented in this section. A similar work plan was written for the process building RI/FS. The DFF&O
requires consideration of additional data to evaluate alternatives and to identify waste streams and
volumes. In that case, it was concluded that no new analytical data were needed to understand the scope
of the D&D problem (presence of hundreds of potentially contaminated buildings) or to evaluate a
demolition alternative. Instead, existing data and other process knowledge were sufficient to make a
decision regarding whether to demolish the process buildings. But as discussed below, additional data are
needed during design and implementation of the building D&D projects to demonstrate compliance with
ARARs and WAC and to ensure safe working conditions.

Design Stage. During the design stage of a project, there is reliance on existing and additional analytical
data. The DFF&O requires many types of work plans, including the RD/RA Work Plan, Pre-design
Studies Plans, Regulatory Compliance Plans, Health and Safety Plans, and (if needed) Treatability Study
Work Plans, all submitted for Ohio EPA review and approval/concurrence, as applicable. All of these
plans would be generated during the design and implementation of a potential OSDC as well during the
design and implementation of building D&D. As shown in Figure 2.4, the sampling documented in these
plans supports various information needs required in the DFF&O. In addition, a WAC Attainment Plan
would be developed to demonstrate how any waste generated would meet the WAC of the appropriate
disposal facilities. Supporting these plans may be a number of additional SAPs, also submitted for

Ohio EPA review and approval/concurrence as applicable.

2' 1 1 FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM



DOE/PPPO/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030

Revision 5
February 2014

sadA |, pue spaaN eye( ‘€' 9In31q

aoueldwos HYAA @lessuowa( -
8oue||dwod YHyYY sjelisuowaq -

annoajold ajensuowaq -

yuswainooid poddng -
aoue||dwod DYAA Sledsuowa( -

slwieaJls aysem auyaq -

1500 %0€+/ %05+ Hoddng -

IENTe)
sBuip|ing jo uonduossp pue uoRe2oT -
seale 92.nos auya( -
SOAljeula) e JO uolienjeas yoddng -
uOljOR JOJ PeaU sululLla( -
jeauy} jo Buipuejsiapun auyay - uoisipap poddng -
0%44d
NOILV.LNIWITdAI NOIS3d aod/s4/id
=z
[}
®
Qo
o
o
=
=
Q
@
-
=
Q
3
=
=
(o]

-

FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM

2-12



DOE/PPPO/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030

Revision 5
February 2014

spuawdIINbay uonIdo) BIe( [EINATRUY O AAd b7 2INSI

09440 Aq paunbay

Bjep 198|j0a

i

« UEId PO Apris AjjjasieniL

(papaau j)
x APMS Aljj|qeeas ]

Emv*,.um___nu mﬁmﬁhum__nu
u VEId flajes 2 e * Aivjes pue yijeeH
Emwﬂum__.au Emn_____um__c_.__
1 {[EpusunauE)
#U21d O VaIIOY pue SOURYGIDD MY
»UEId asueijdiucy Aojenbay *
BIEp j38||j03 E1ED j28)00 EjE[ ja3(j0a
._.:. “50d jo Hed) dyg T E0UE)HWET DA
JUBLLILIENY D
Emu._um_a_: papaau j ‘Blep 109)j00
sSIwIn|o
1Bl 3 e > 2 mmﬁmhm _mh..__mﬁ_.,___, al
saIpniS UBisaa-2id g IMELE
papsau ji 'Eep 19803
M \ 3 SOALELIE)Y
ISR S ENEA
WOM VIO « UELel 0N S3/1d ISR
[esodsiq a1sep uonejuawa)du| uBisag aod/iddisans Spaap Lo ELLLIoJU)|

FBP/WD RIFS D3 RS MASTER/2/20/2014 9:59 AM

2-13



DOE/PPPO/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030
Revision 5

February 2014

Implementation of the sampling required by these SAPs and plans begins during the design and continues
into the implementation stages of the project. An appropriate number of samples would be taken from
each building or group of like buildings/structures or infrastructure for the D&D project. Each major
D&D medium would be sampled in a manner consistent with the impact of its volume, the level of
contamination expected, and the uncertainty of the contaminant level relative to applicable WAC and/or
safety basis. The sampled media could include building steel, roofing, walls, floors, residual soils, slabs,
subsurface utilities, ventilation ducting, heat exchangers, and nonprocess piping or equipment suspected
of radiological or hazardous contamination. If needed, treatability studies may be needed to assess the
effectiveness of a treatment technology on some waste streams to demonstrate compliance with land
disposal restrictions (LDRs) or Corrective Action Management Unit (CAMU) treatment standards. The
actual numbers and locations of samples required during the design stage of the process building D&D
project would be determined on the basis of the applicable WAC for waste disposal, treatment
requirements, and safety basis. Regulatory review and approval or concurrence, as applicable, of these
SAPs would be required prior to implementation.

Implementation/Waste Disposition Stage. While implementing the D&D project, nondestructive assay
(NDA) measurements would be performed on equipment or piping suspected of requiring uranium
deposit removal and equipment being shipped for on- or off-Site disposal. In situ NDA might also be
performed on the X-330 and X-333 converters to support material recovery, as necessary. Both sampled
media results and NDA results would be used to segregate waste for recycling or off-Site disposal and
would be used to demonstrate compliance with the WAC and ARARs, as appropriate.

The environmental sampling during D&D or during construction of a potential OSDC would be primarily
of surface water and air to track any sediment and dust releases or potential releases of contamination and
potential impacts on the environment, including on sensitive resources and on human health (on-PORTS
workers and the public). Some of the data would be analytical from laboratories, and some would be
from field monitoring efforts. This information would either allow a demonstration that environmental
ARARs requirements are being met or would provide information to identify appropriate responses if a
release of contamination occurs. Health and safety sampling may include radiological monitoring,
industrial hygiene monitoring, or other sampling, including clearance samples from asbestos remediation
areas, smear samples for radiological control, and metal coupon samples from equipment (as necessary)
for cadmium and beryllium control programs.

Project-Specific Data Collection Strategy. Figures 2.5 and 2.6 illustrate the work plans/SAPs and
sampling activities planned for each project. This Site-wide Waste Disposition Evaluation Project would
determine and provide waste disposal/recycling options with associated WAC for all the wastes to be
generated by the Process Buildings and Complex Facilities D&D Evaluation Project in a safe and
ARARSs-compliant manner.

In Figure 2.5, the general phased sampling strategy is presented for the Process Buildings and Complex
Facilities D&D Evaluation Project. Most of the data needs such as WAC attainment and treatment
requirements during the design and the implementation/waste disposition stages of the D&D would be
determined by decisions made in the Site-wide Waste Disposition Evaluation Project. The plans and
SAPs identified in Figure 2.5 would be developed for each of the three major process buildings. Data
collection in the remaining process and support buildings may be conducted in groups with tailored plans
and SAPs for each group. Data would be collected to support the design and implementation of safe and
ARARs-compliant D&D and associated waste disposal of a major process building or a group of other
smaller buildings. The data needed to demonstrate WAC compliance are the responsibility of the project
generating the waste, and the approach for collecting this information is presented in Figure 2.5.
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Figure 2.6 presents the phased sampling strategy for the Site-wide Waste Disposition Evaluation Project.
Much more analytical data are collected early in the project, during the decision-making stage as well as
in the early stages of design. There were several geotechnical investigations to support WAC
development, siting, and design, and there are many pre-design studies to evaluate the waste and
construction material physical characteristics. There are also many more operation and maintenance
monitoring requirements, along with verification sampling for QC during construction. But, as with the
D&D project, there is routine environmental monitoring using analytical and field data to demonstrate
compliance with ARARs and during construction and operation of the potential OSDC, as well as routine
health and safety monitoring and sampling.

Future Plans and SAPs for Data Collection. The following submissions would be finalized following the
waste disposition ROD for Ohio EPA review and approval/concurrence:

e OSDC Operational Plans
e WAC Attainment Plan.

These plans would provide guidelines for necessary data collection efforts during both the design and
implementation/waste disposition stages to demonstrate ARARs compliance and WAC attainment
according to the RODs. Additional project-specific plans and SAPs are also planned for development to
collect project-level data according to the submissions listed above to ensure compliance with a potential
OSDC WAC. The following is a list of these plans and SAPs that would be developed to support the
process building and waste disposition projects and submitted for Ohio EPA review and approval/
concurrence, as applicable:

e Pre-Design Studies Plans

o  WAC Attainment SAPs

e Integrated Remediation Design Packages
e Health & Safety Plans

e Regulatory Compliance Plans as required by the DFF&O to identify the basis and approach for
compliance with ARARs/TBCs.

Consistent with this overall data collection strategy, the information collected for the waste disposition
RI/FS is discussed below.

2.2.1 Waste Stream Characterization

The objectives for the characterization activities in the process buildings were to collect process
equipment samples and provide characterization data to verify process knowledge assumptions, and
support the refinement of waste volume projections and definition of waste types for the RI/FS. The
characterization activities for the process buildings were outlined in the approved Phase I Sampling and
Analysis Plan for the Process Equipment Characterization in Support of the Sitewide Waste Disposition
Evaluation Project at the Portsmouth Gaseous Diffusion Plant, Piketon, Ohio (DOE 2011c), which is
referred to as the Process Equipment Characterization SAP. Samples were collected from primary
process equipment (converters and compressors) and auxiliary equipment associated with other process
gas systems (such as surge drums, instrument lines, etc.) in the three process buildings: X-333, X-330,
and X-326. Following this data collection effort for the RI/FS, data collection under this plan continues
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in support of the follow-on remedial design/remedial action to support the determination of WAC
compliance.

Prior to implementation of the Process Equipment Characterization SAP, an initial characterization effort
consisted of collecting both a shell and composite barrier sample from five converters located at the
following locations in X-326: 27-2-2, 27-3-2, 27-3-4, 25-1-2, and 25-2-2. Therefore, 10 samples were
collected (five shell samples and five barrier samples). Two duplicate samples were collected, one from
the shell of the converter at the 27-3-2 location and one from the barrier of the same converter. Each
sample was analyzed for TCLP metals (arsenic, barium, cadmium, lead, selenium, and silver), mercury,
copper, zinc, total beryllium, PCBs, SVOCs, VOCs, and radionuclides.

Mercury, silver, total uranium-233 (as a separate isotopic concentration rather than undifferentiated
uranium-233/234), total beryllium, PCBs, SVOCs, and VOCs were not detected in any of the samples.
The following bullets summarize the TCLP metal results from the initial characterization effort:

e Arsenic was detected in five of the 10 sample TCLP extracts at a range from 0.0179 to 0.313 mg/L;
no concentration exceeded the 5.0 mg/L TCLP regulatory limit for arsenic. All of the detected
concentrations were in the five barrier samples.

e Barium was detected in all 10 sample TCLP extracts at low concentrations (ranging from
0.0088 mg/L to 0.0340 mg/L) that did not exceed the TCLP regulatory limit of 100 mg/L for barium.

e Cadmium was detected in three of the sample TCLP extracts at concentrations (ranging from
0.0018 to 0.008 mg/L) that did not exceed the 1.0 mg/LL TCLP regulatory limit for cadmium.

e Chromium was detected in eight of the 10 sample TCLP extracts at concentrations (ranging from
0.00776 to 0.8290 mg/L) that did not exceed the 5.0 mg/L TCLP regulatory limit for chromium.

e [ead was detected in five of the 10 sample TCLP extracts at concentrations (ranging from 0.0122 to
0.0918 mg/L) that did not exceed the 5.0 mg/L TCLP regulatory limit for lead.

e Selenium was detected in two of the 10 samples ranging from 0.0339 to 0.0494 mg/L, which did not
exceed the TCLP regulatory limit for selenium.

e Zinc was detected in seven of the 10 sample TCLP extracts at concentrations ranging from 0.008 to
0.167 mg/L. There is no TCLP regulatory limit for comparison to these results.

Technetium-99 results from this initial characterization effort are provided in Table 2.3. These results
confirm that the technetium-99 activity concentrations in the converter tubes are higher (generally two to
three orders of magnitude higher) than those on the converter shells. While the converter tubes have
higher activity concentrations, the average levels in process equipment will be less as they will be
averaged over the total weight of the process equipment component. These samples conservatively
estimate the average technetium-99 activities expected to be encountered in the converters.
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Table 2.3. Technetium-99 Converter Initial
Sample Results for PORTS

Converter Component Shell Sample  Tube Sample
1D (pCi/g) (pCi/g)
270302 186 2.72x10°
270202 172 7.20x10*
270304 77 1.59x10°
250102 407 3.03x10°
250202 198 3.05x10*

ID = identification

The Process Equipment Characterization SAP included the collection of intrusive and nonintrusive
samples and measurements. Intrusive characterization consisted of collecting physical samples by
breaching the process gas system. Nonintrusive characterization consisted of collecting characterization
data by using NDA techniques or surface swipes.

The sampling program design used both random and judgmental sampling techniques. In all cases,
intrusive samples were collected at predetermined locations in the process equipment and analyzed for
uranium isotopes and other constituents. Following collection of the samples, the individual pieces of
equipment will be removed from the process line and moved to a low background area for nonintrusive
NDA analyses.

The intrusive samples were of barrier material and shell coupons from converters, deposit material from
the seal/seal cavity areas within the compressors, and coupons from process auxiliary equipment. Sample
locations associated with the random sampling program were preselected using a random number
selection process, allowing for an equal likelihood of selection. In contrast, the judgmental sampling
applies the detailed process knowledge to pinpoint how the concentration of uranium isotope ratios and
technetium-99 would change in a measurable manner based on system design and material makeup.

Results from the Process Equipment Characterization SAP sampling effort are similar to those from the
initial characterization discussed above. The following bullets summarize the TCLP metals results for
samples collected from converters in the X-326 Building per the Process Equipment Characterization
SAP:

e Arsenic was detected in two of the four sample TCLP extracts with a range from 0.0041 to
2.36 mg/L; no concentration exceeded the 5.0 mg/L TCLP regulatory limit for arsenic.

e Barium was detected in all four sample TCLP extracts at low concentrations (ranging from 0.0124 to
0.115 mg/L) that did not exceed the TCLP regulatory limit of 100 mg/L for barium.

e (Cadmium was detected in two of four sample TCLP extracts at concentrations (ranging from 0.0055
to 0.0058 mg/L) that did not exceed the 1.0 mg/L TCLP regulatory limit for cadmium.

e Chromium was detected in all four sample TCLP extracts at concentrations (ranging from 0.128 to
2.25 mg/L) that did not exceed the 5.0 mg/L TCLP regulatory limit for chromium.
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e Lead was detected in all four sample TCLP extracts at concentrations (ranging from 0.0113 to
0.111 mg/L) that did not exceed the 5.0 mg/L TCLP regulatory limit for lead.

e Mercury was not detected in any TCLP sample extracts.

e Selenium was not detected in any TCLP sample extracts.

e Zinc was detected in all four sample TCLP extracts ranging from 0.00132 to 0.0066 mg/L.
Appendix A contains the laboratory data reported for these TCLP samples.

The current radiological results from the Process Equipment Characterization SAP sampling effort are
provided in Table 2.4. These results represent the minimum and maximum values for selected
radionuclides, based on the type of sample (either swipe sample or solid sample from the component

[converter or compressor]) from the three process buildings.

Table 2.4. Process Equipment Sampling Results for the X-333, X-330,
and X-326 Buildings at PORTS

Compressor Swipe

Converter Component Compressor Component Samples
Samples Samples (maximum)
(pCi/g) (pCi/g) (pCi/sample)
Min Max Min Max
X-333
Americium-241 ND ND ND ND ND
Neptunium-237 0.207 0.207 ND ND ND
Plutonium-238 ND ND ND ND ND
Plutonium-239/240 ND ND ND ND ND
Technetium-99 1,700 1,700 ND ND 43.1
Thorium-228 ND ND ND ND ND
Thorium-230 0.861 0.861 ND ND 241
Uranium-233/234 22.7 22.7 2.06 4.74 14,920
Uranium-235 ND ND 0.128 0.128 63.1
Uranium-236 ND ND ND ND 3.21
Uranium-238 30.7 30.7 1.7 4.75 16,310
X-330

Americium-241 ND ND ND ND ND
Neptunium-237 1.58 2.18 ND ND 5.17
Plutonium-238 ND ND ND ND ND
Plutonium-239/240 0.424 0.509 ND ND ND
Technetium-99 26.9 45,100 2.51 2.51 10,700
Thorium-228 ND ND ND ND ND
Thorium-230 1.71 3.35 0.0105 0.0105 24.3
Uranium-233/234 0.36 162.4 2.25 5.87 56,360
Uranium-235 NA NA 0.138 0.138 3,006
Uranium-236 0.220 0.220 ND ND 82.44
Uranium-238 0.747 368 0.558 12.8 116,900
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Table 2.4. Process Equipment Sampling Results for the X-333, X-330,
and X-326 Buildings at PORTS (Continued)

Compressor Swipe

Converter Component Compressor Component Samples
Samples Samples (maximum)
(pCi/g) (pCi/g) (pCi/sample)
Min Max Min Max
X-326

Americium-241 0.083 1.07 ND ND ND
Neptunium-237 0.306 4.56 ND ND 8.02
Plutonium-238 0.61 5.86 ND ND ND
Plutonium-239/240 0.045 6.04 ND ND ND
Technetium-99 22.9 303,000 15.0 1,330 7,260,000
Thorium-228 0.48 0.571 0.0188 0.14 165
Thorium-230 0.071 66.28 0.091 4.12 4,074
Uranium-233/234 0.207 33,170 17.96 1,180 1,107,000
Uranium-235 0.053 1,007 0.745 36.5 38,870
Uranium-236 0.07 516.5 0.061 3.77 2,974
Uranium-238 0.052 623.3 0.105 12.62 3,210
Max = maximum detected value NA = not applicable
Min = minimum detected value ND = not detected above detection limit

These data indicate that for component samples, activity concentrations in converters are higher than
those in the compressors. The data also indicate that technetium-99, uranium-233/234, and uranium-235
activities are typically greater in the higher end of the enrichment process (i.e., X-326 Building process
equipment). The above table does not include results from deposits which had technetium-99,
uranium-235, and uranium-238 maximum values of 2,020,000 pCi/g, 13,300 pCi/g, and 1,953 pCi/g,
respectively (both technetium-99 and uranium-235 maximums occurred in X-326 while the uranium-238
maximum occurred in X-330). Appendix A contains the laboratory data reported for these process
equipment samples.

Other analytes often detected in solid samples from the converters and compressors include chromium
and lead. In all three process buildings, chromium ranged from 13.4 to 12,000 mg/kg in compressors and
9.1 to 707 mg/kg in converters. Lead results ranged from 1.9 to 444 mg/kg in compressors and 0.426 to
243 mg/kg in converters. These data indicate that chromium is higher in compressors than in converters,
while lead is nearly the same for both pieces of equipment. The chromium and lead results were similar
among the three process buildings. Appendix A contains the laboratory data reported for these samples.

2.2.2 Potential On-Site Disposal Study Area Characterization

Under this RI/FS, the Site-wide Waste Disposition Evaluation Project is evaluating four potential
locations (Study Areas A, B, C, and D) (Figure 2.7) for a potential OSDC. Full development of a
potential OSDC entails selecting a location and conceptualizing a design, which requires data on
hydrogeologic and geochemical properties of soil and rock for subsurface flow and transport modeling
and modeled WAC development. Geotechnical data are also needed to determine soil properties such as
subsidence, compaction, and permeability.
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For these data collection efforts, several intrusive field methods were used to obtain the required
geotechnical, geochemical, and analytical data, as outlined in Geotechnical Sampling and Analysis Plan
for the Sitewide Waste Disposition Evaluation Project at the Portsmouth Gaseous Diffusion Plant,
Piketon, Ohio (DOE 2011a), referred to as the Geotechnical SAP, and the Supplemental Geotechnical
Sampling and Analysis Plan for the Sitewide Waste Disposition Evaluation Project at the Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 2012c). These methods include, but are not limited to,
cone penetration testing (CPT), drilling in both unconsolidated and bedrock formations to collect soil
samples for geotechnical and geochemical testing, and installation of monitoring wells and piezometers.

The Geotechnical SAP was written to ensure that the field investigation and sampling were performed in
a technically acceptable manner. The specific types of data collected included the following:

e Hydrogeologic data (depth to groundwater, vertical permeability), where already available data were
insufficient for evaluating locations for a potential OSDC (primarily Study Areas A, C, and D)

e Geochemical data (contaminant adsorption coefficients, fraction of organic carbon in soil) to support
modeling for development of modeled WAC (all study areas)

e Geotechnical and analytical data from the four RI/FS study areas being evaluated in the FS

e Changes made in the field to add investigation of nearby surface water streams and installation of test
pits (Study Area D only).

An evaluation of the characteristics of the soils, geology, and groundwater pertinent for the proper siting,
construction, operation, and monitoring of a potential OSDC was conducted. Important site-specific
characteristics required by Ohio Administrative Code (OAC) 3745-27-06(C)(3) include the following:

Soil and bedrock characteristics
Soil or rock type

Color

Moisture content
Layering or interbedding
Weathering

Fracturing or jointing
Mineral content
Thickness

Horizontal extent

Depth and elevation.

Groundwater characteristics

Uppermost aquifer system and significant zone of saturation

Flow direction and rate

Hydraulic conductivity

Interconnection within upper aquifer system and significant zone of saturation
Groundwater level elevation

Temporal fluctuations

Recharge and discharge
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e  Groundwater yield
e Groundwater chemistry.

In order to establish compliance with ARARSs such as the Ohio solid waste disposal facility siting
requirements for adequate investigation (OAC 3745-27-06[C][3]), hydrogeologic and geotechnical field
investigation activities have been completed. Much information on the geology and groundwater
characteristics of PORTS is available from previous investigations at PORTS. The recent efforts,
combined with the historical investigation data, provide information that is used to identify and
characterize the geology and hydrogeology sufficiently to allow Ohio EPA to determine the suitability of
the site for solid waste disposal along with compliance with ARARs. Table 2.5 provides a crosswalk of
the requirements for a hydrogeologic investigation report pursuant to OAC 3745-27-06(C)(3) and
appropriate sections of this RI/FS report.

Table 2.5. Crosswalk between Requirements of OAC 3745-27-06(C)(3)

and this RI/FS Report
RI/FS Report Section that
Requirement Corresponds to the
(0OAC 3745-27-06) Content Requirement
Suitability of the Site for Solid Waste Disposal
(O)B3)(a)() Identification and characterization of the hydrogeology of the ~ Section 2.2.2.1; Appendix D

uppermost aquifer system and all stratigraphic units that exist
above the uppermost aquifer system

(C)(3)(a)(ii) Characterization of the geology and hydrogeology Section 2.2.2.1; Appendix D
Description of the Regional Geology and Hydrogeology
(©)3)(b)(1) Identification and average yield of the regional aquifer Section 2.2.2.1; Appendix D
system
(C)(3)(b)(ii) Direction of groundwater flow in the regional aquifer system  Section 3.6; Appendix D
(C)(3)(b)(iii) Identification of recharge and discharge areas of the regional ~ Section 3.6
aquifer system
(C)3)(b)(iv) Regional stratigraphic or structural features, such as the Section 3.4

bedrock surface, bedrock dip, or joint systems

(C)3)(b)(v) Regional geomorphology, including the location of surface Section 3.1; Section 3.3
water bodies, flood plains, etc.

Description and Analysis of the Site Geology and Hydrogeology

(©)3)(d)(1)(a)i) Textural classification using the USCS Appendix B; Appendix C
(Table C.1)

(©)3)(d)(i)(a)(ii) Rock type(s) Section 2.2.2.1; Appendix B;
Appendix D

(C)3)(d)(i)(a)ii)  Color; moisture content; stratigraphic features such as Section 2.2.2.1; Appendix B

layering, interbedding, or weathering; fracturing, jointing,
and other types of secondary porosity

(O)B)(d)(1)(a)@iv) Hydraulic conductivity Section 2.2.2.1;

Section 2.2.2.2; Appendix C
(O)B)(d)(i)(b) Thickness of stratigraphic units Section 2.2.2.1; Appendix D
(©)3)(d)()(c) Lateral extent of stratigraphic units Section 2.2.2.1; Appendix D
(©)3)(d))(d) Depth and elevation of stratigraphic units Section 2.2.2.1; Appendix D
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Table 2.5. Crosswalk between Requirements of OAC 3745-27-06(C)(3)
and this RI/FS Report (Continued)

RI/FS Report Section that

Requirement Corresponds to the
(0AC 3745-27-06) Content Requirement
Description and Analysis of the Site Geology and Hydrogeology (continued)
(©)B)(d)()(e) Variations in texture, saturation, stratigraphy, structure, or Section 2.2.2.1; Appendix B;
mineralogy exhibited by each stratigraphic unit that could Appendix D

influence the groundwater flow or quality in the uppermost
aquifer system or any overlying zones of saturation

(C)(3)(d)(ii) Description of the geomorphology Section 3.1; Appendix D

(C)(3)(d)(iii) Description of structural geology features Section 3.4

(O)B)(d)(iv) Depth and extent of the uppermost aquifer system and all Section 2.2.2.1; Appendix D
significant zones of saturation above the uppermost aquifer
system

(©)3)(d)(iv)(a) Temporal fluctuations in groundwater levels Section 2.2.2.1; Appendix A

(Table A.5)

(©)3)(d)(iv)(b) Interpretation of the groundwater flow system Section 2.2.2.1; Appendix D

(©)3)(d)(iv)(c) Recharge and discharge areas within the boundaries of the Section 2.2.2.1; Appendix D
proposed sanitary landfill facility

©G)(d)av)(d) Yield of any significant zones of saturation and of the Section 2.2.2.1; Appendix C

uppermost aquifer system

Description and Quantification of the Groundwater Quality

(©)3)(e) Groundwater quality of the uppermost aquifer system and all ~ Section 2.2.2.1; Appendix A
significant zones of saturation above the uppermost aquifer (Table A.3, Table A.7,
system Table A.8)
Subsurface Investigation Information
(O)B3)(H(i1) Information collected for each stratigraphic unit (presented Appendix B
on logs)
(©)3)(g) Description of how the subsurface investigation was Section 2
conducted

OAC = Ohio Administrative Code
RI/FS = Remedial Investigation/Feasibility Study
USCS = Unified Soil Classification System

Specifically, the main targets of the recent field efforts are primarily related to data gaps at Study Area D
as follows:

1. Top of competent bedrock determination

This information is required per O4C 3745-27-06(C)(3)(d)(i)(d) to provide depth and elevation of the
consolidated stratigraphic units. Installation of borings and piezometers is complete, and well logs
have been evaluated. The depth to competent bedrock (Cuyahoga Formation) is discussed in this
section and in Appendix D.

2. Sandstone layers at approximate elevation 720 ft above mean sea level (AMSL)
This information is required per OAC 3745-27-06(C)(3)(d)(i)(a) — (e) to provide a description of these

consolidated stratigraphic units encountered in the upper Cuyahoga Formation. Installation of
borings and piezometers within and near the proposed footprint of a potential OSDC at Study Area D
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is complete, and well logs have been evaluated. The characteristics of these multiple, thin (less
than 1.5 ft thick) sandstone layers are discussed in this section and in Appendix D.

3. Sandstone layer at approximate elevation 680 ft AMSL

Establishing characteristics such as elevation, recharge, moisture content, fracturing, etc. of this
sandstone layer within the upper Cuyahoga Formation is required per OAC 3745-27-06(C)(d)(i)(a) —
(e) to provide a description and analysis of this unit. Installation of borings, piezometers, and test pits
within the proposed footprint of a potential OSDC at Study Area D is complete, and well logs have
been evaluated. The characteristics of this continuous, 2-ft-thick sandstone layer are discussed in this
section and in Appendix D.

4. Saturated zone (occurring near piezometers WD-PZ09C and WD-PZ12C) in the southern portion of
Study Area D

This information is required per OAC 3745-27-06(C)(3)(d)(iv)(a) — (d) to provide a description of this
significant zone of saturation, including groundwater yield. Packer tests have been completed at
WD-PZ09C and WD-PZ12C to isolate the permeable saturated zones and determine groundwater
yield. Additionally, the borings were advanced an additional 5 ft and monitored for depth to
groundwater. A description of this saturated zone is provided in this section and in Appendix D.

5. Saturated zone (occurring near piezometer WD-PZ14C) in the northern portion of Study Area D

This information is required per OAC 3745-27-06(C)(3)(d)(iv)(a) — (d) to provide a description of this
significant zone of saturation, including groundwater yield. Additional borings have been drilled
(WD-SB-53 and WD-SB-57) and left open as piezometers (WD-PZ17C and WD-PZ16C) for
monitoring depth to groundwater. A description of this saturated zone is presented in this section and
in Appendix D.

Remaining data from all borings, piezometers, monitoring wells, and test pits that were to address the
above targeted information gaps are presented in this waste disposition RI/FS report. Information
presented herein provides sufficient characterization of the geology and hydrogeology in order to comply
with OAC 3745-27-06(C)(3)(a) — (g) as noted in Table 2.4.

Investigation activities used standard industry practices consistent with Ohio EPA procedures and
protocols in the Technical Guidance Manual for Hydrogeologic Investigations and Ground Water
Monitoring (TGM) (Ohio EPA 2011).

2.2.2.1 Hydrogeologic investigation

The overall hydrogeologic conditions and groundwater flow at PORTS are reasonably well understood.
However, for some of the RI/FS study areas located on the periphery of the DOE property, particularly
Study Areas C and D, additional information to verify depth to groundwater and collection of samples for
permeability testing were needed.

Prior to installation of piezometers or monitoring wells, soil borings were advanced to collect samples for
lithologic logging and/or laboratory analyses. Drilling methods included the use of hollow-stem auger,
mud-rotary, and air-rotary methods. Subsurface soil/rock samples were collected from borings in
accordance with the Geotechnical SAP. Split-spoon and Shelby tube samples were collected at regular
intervals throughout the depth of the unconsolidated material. Once bedrock was reached, rock coring

2'26 FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM



DOE/PPPO/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030
Revision 5

February 2014

was used continuously until the bottom depth of the boring was reached. The rock core was visually
examined for evidence of fracturing and weathering (to distinguish between natural fractures and
mechanical breaks from drilling/coring).

Depth to groundwater needed to be determined at Study Areas A, C, and D (depth-to-groundwater data
are sufficient at Study Area B, which has 15 monitoring wells within its boundary). Twenty-seven
piezometers and seven monitoring wells were installed in the three study areas (Figure 2.8 and Table 2.6).
Appendix B contains the boring and monitoring well logs.

Using a hollow-stem auger rig, three piezometers were installed within the unconsolidated Minford/Gallia
members in Study Area A. These piezometers were screened at the contact of the Minford or Gallia
members with the underlying bedrock.

Seven monitoring wells were installed for long-term monitoring in the Berea sandstone. Two of these
monitoring wells were installed along the eastern DOE property boundary near Study Area C, and
five were installed in Study Area D.

Groundwater level measurements were collected as part of the RI to provide hydraulic data to support

the physical setting of the location and for developing models for calculating modeled WAC for a
potential OSDC. Beginning in June 2011, water levels were periodically measured in the RI/FS wells and
selected pre-existing wells. These data are primarily used to determine the direction of groundwater flow
and depth of the water table surface in the various hydrogeologic units. All groundwater elevation data
for the monitoring wells and piezometers installed to support this RI/FS are reported in Appendix A.
Hydrographs for the monitoring wells and piezometers installed for this project also are provided in
Appendix A.

Hydrogeologic Investigation Specific to Study Areas A and C

Four soil borings at Study Area C were completed as piezometers within the Cuyahoga Formation and
Sunbury shale to determine if the shale formations were saturated and, if so, to collect information on
depth to groundwater within the shale. The Cuyahoga/Sunbury piezometers within Study Area C were
completed with a 5-ft screen ranging from an approximate elevation of 620 to 630 ft AMSL. In addition
to these piezometers, which were drilled with mud-rotary methods, temporary piezometers (drilled dry
with air-rotary methods) were placed adjacent to Cuyahoga/Sunbury piezometers WD-PZ04C,
WD-PZ06C, and WD-PZ07C at Study Area C. This was done to verify that no water-bearing fractures
had been encountered in the shale (which may have not been noticed using mud-rotary methods).

The Cuyahoga/Sunbury piezometers (as well as the temporary air-rotary-drilled borings) at Study Area C
sometimes have too little water to allow a water level measurement. Only piezometers WD-PZ04C and
WD-PZ05C show significant water level fluctuations with 22.3 ft and 6.2 ft, respectively. The large
fluctuations in water levels in WD-PZ04C suggest this piezometer may be in hydraulic connection

with a fracture/joint that is also in connection with the regolith zone. Piezometers WD-PZ06C and
WD-PZ07C, on the other hand, exhibit water level fluctuations of only 1.1 ft and 0.5 ft respectively. The
three air-rotary borings adjacent to WD-PZ04C, WD-PZ06C, and WD-PZ07C never had sufficient water
to allow a depth-to-water measurement.

2'27 FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM



DOE/PPPO/03-0246&D3

FBP-ER-RIFS-WD-RPT-0030

Revision 5
February 2014

3
¥1
! | i‘,‘ﬁ- WD-FZ01G!

T
_lwpFz15c]

h:xpzzer,;;

! -l

B @ | |WoPZEaG] fAD-PZoRC

i - o

i o e B =

il al ! " e Y el .
= B 3 I’ Tl s BT
(= i | S e i

z

H - n

5 | 1 Wo-Fzo4c|

2 ‘ g | —r—

i | i L_. :

A Stream Study Area A" | Study Area D e —
o Moratoring Vel b o i T i)
@ Ficomncde aiiraa ] study Area"® Road

[ HOIE. Brireclary - Bullding E Study Area "G Surface Water Body RIFSWD13_028

Figure 2.8. Piezometer and Monitoring Well Locations at PORTS
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Table 2.6. Piezometer/Monitoring Well Locations and Monitoring Zones at PORTS

Piezometer/Monitoring  Corresponding Soil Depth
Study Area Well ID Boring ID Zone Monitored (ft)
A WD-PZ01G WD-SB-01 Gallia 50
A WD-PZ02G WD-SB-05 Gallia 54
A WD-PZ03G WD-SB-02 Gallia 26
A/C WD-PZ04C WD-SB-10 Cuyahoga/Sunbury 130
C WD-PZ05C WD-SB-13 Cuyahoga/Sunbury 67
C WD-PZ06C WD-SB-14 Cuyahoga/Sunbury 126
C WD-PZ07C WD-SB-15 Cuyahoga/Sunbury 130
D WD-PZ08C WD-SB-34 Cuyahoga 58
D WD-PZ09C WD-SB-36 Cuyahoga 88
D WD-PZ10C WD-SB-35 Cuyahoga 48
D WD-PZ11C WD-SB-33 Cuyahoga 74.2
D WD-PZ12C WD-MWO03B Cuyahoga 85.3
D WD-PZ13C WD-MWO04B Cuyahoga 38
D WD-PZ14C WD-MWO05B Cuyahoga 48
D WD-PZ15C WD-SB-67 Cuyahoga 74.1
D WD-PZ16C WD-SB-57 Cuyahoga 41
D WD-PZ17C WD-SB-53 Cuyahoga 61
D WD-PZ18C WD-SB-37 Cuyahoga 95
D WD-PZ18CA WD-SB-37 Cuyahoga 42
D WD-PZ19C WD-SB-44 Cuyahoga 353
D WD-PZ20C WD-SB-65 Cuyahoga 79.4
D WD-PZ23C WD-SB-42 Cuyahoga 83.9
D WD-PZ24C WD-SB-46 Cuyahoga 85
D WD-PZ25C WD-SB-47 Cuyahoga 63
D WD-PZ26C WD-SB-48 Cuyahoga 87.5
D WD-PZ27C WD-SB-53 Cuyahoga 66.1
D WD-PZ28C WD-SB-72 Cuyahoga 111
C WD-MWO0IB WD-MWO01B Berea 132
C WD-MWO02B WD-MWO02B Berea 166
D WD-MWO03B WD-MWO03B Berea 144
D WD-MW04B WD-MW04B Berea 98
D WD-MWO05B WD-MWO05B Berea 80
D WD-MW06B WD-SB-33 Berea 140
D WD-MWO07B WD-SB-35 Berea NA

ID = identification
NA = not applicable

Using a hollow-stem auger rig, three piezometers were installed within the unconsolidated Minford/Gallia
members in Study Area A, which overlaps with the western portion of Study Area C. These piezometers
were screened at the contact of the Minford or Gallia members with the underlying bedrock. Water level
fluctuations in the three Gallia piezometers are shown in Figure 2.9. The Gallia represents the uppermost

aquifer system over most of Study Area A.
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Figure 2.9. Hydrograph for the Gallia at Study Area A

The Berea sandstone, the uppermost aquifer system beneath Study Area C, is a regional confined aquifer
with a potentiometric surface approximately 20 to 25 ft above the top of the aquifer. Figure 2.10 shows a
comparison of groundwater levels measured in the Cuyahoga to those measured in the Berea sandstone at
Study Area C. The Berea exhibits very little seasonal fluctuation. The potentiometric level of the Berea
sandstone is also typically higher than the measured water levels in the Cuyahoga piezometers at Study
Area C, indicating an upward hydraulic gradient. However, on two occasions, the water level in at least
one Cuyahoga piezometer was higher than the potentiometric surface of the Berea, suggesting temporary
downward gradients.
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Figure 2.10. Hydrograph comparing Cuyahoga and Berea Water Elevations at Study Area C

Hydrogeologic Investigation Specific to Study Area B

The hydrogeology of Study Area B, which has 15 monitoring wells located within the study area
boundary, is well understood. The X-344 and X-533 complexes, which cover most of Study Area B,
were investigated during the Quadrant IV RFI conducted in 1992-1993 (Phase I) and 1994 (Phase II)
(DOE 1996d). Several shallow and deep soil borings were installed at each complex for the collection of
soil samples. In addition, several shallow borings were installed following D&D of the X-533 complex.
In Study Area B, groundwater is monitored at the X-344C Former Hydrogen Fluoride Storage Building
and the X-533 Former Switchyard Complex routinely as part of the Integrated Groundwater Monitoring
Program. No additional hydrogeologic investigation was conducted as part of this waste disposition
project.

Hydrogeologic Investigation Specific to Study Area D

Twenty piezometers were completed within the Cuyahoga Formation at Study Area D to determine if the
shale and interbedded sandstone units were saturated and, if so, to collect information on depth to
groundwater within the Cuyahoga. The Cuyahoga piezometers installed at Study Area D were initially
completed with an open borehole completion because drilling at Study Area C determined the Cuyahoga
to be competent enough to support an open borehole construction. Most of the piezometers were later
converted to standard cased piezometers with 10-ft screens.

The saturated zones occur either : (1) where a 2-ft-thick sandstone layer and a 0.5-ft-thick sandstone layer
(at an approximate elevation of 680 ft AMSL) is saturated; (2) where several thin, interbedded sandstones
occur near an elevation of 720 ft AMSL; or (3) where fractures/joints contain groundwater.

Using air rotary drilling methods (dry drilling), several bedrock piezometers were initially installed at

Study Area D. At Study Area D, a 2-ft-thick sandstone layer was recognized in several borings at an
elevation of approximately 680 ft AMSL within the Cuyahoga Formation. This layer can be combined
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with another 0.4-ft-thick sandstone layer which occurs approximately 2 ft beneath the thicker layer.
These two sandstone layers and the intervening 2-ft shale interval are referred to as the “680-ft sandstone
zone.” This sandstone zone is continuous across Study Area D except where it has been removed by
erosion to the west and north. The 680-ft sandstone in the Cuyahoga Formation occurs approximately
55 to 60 ft above the Berea sandstone which represents the uppermost aquifer system in this area.

Figure 2.11 shows the structure of the 680-ft sandstone zone and indicates it follows the regional dip to
the east-southeast.

Figures 2.12 through 2.18 show the water level response following drilling at seven of the bedrock
piezometers. The upper sandstone layer in the 680-ft sandstone zone is shown on these figures. These
figures depict the water levels while the piezometers were open hole borings plus the water levels after
being screened across the 680-ft sandstone zone. Also depicted on these figures is the approximate depth
of weathering, based on a coloration change in the rock core. WD-PZ08C and WD-PZ10C, which were
drilled approximately to the depth of the 2-ft-thick sandstone layer, were initially dry, or had insufficient
water for measurement. WD-PZ08C was dry until it was drilled to a depth approximately 10 ft below
the 680-ft sandstone. This saturation may be from bedding plane partings associated with the lower
0.5-ft-thick sandstone layer in the 680-ft sandstone zone.

The water level in WD-PZ12C was approximately 720 ft AMSL until the boring was extended through
the 680-ft sandstone. After being extended, the groundwater level stabilized at approximately

684 ft AMSL. The initial water level, at an approximate elevation of 720 ft AMSL, appears to be related
to thin, mostly discontinuous sandstone layers in the upper Cuyahoga Formation. This upper zone of
interbedded sandstones is referred to as the “720-ft sandstone lens zone.” The thickness of the individual
significant sandstone lenses in this zone range from 0.3 ft to 1.5 ft with an average of 0.5 ft. Several
borings intersected multiple sandstone layers in this zone. The individual sandstone layers that comprise
the 720-ft sandstone facies are difficult to correlate from boring to boring and do not appear to be
continuous across Study Area D. Saturated conditions within the 720-ft sandstone facies appear to be
limited or localized. Appendix D provides additional discussion on the hydrogeology of Study Area D.

At piezometer WD-PZ14C, on the northern side of the hill in Study Area D, the water level is at an
elevation of approximately 670 ft AMSL. This elevation is below the occurrence of the 680-ft sandstone
zone described above. This area appears to be a localized saturated zone within the Cuyahoga shale that
is not continuous to the south in areas of higher topography as observed in WD-PZ16C and WD-PZ17C.
A review of historical aerial photographs shows that WD-PZ14C is located within the area of a backfilled
pond that was associated with the activities in a former borrow area. This piezometer has an
open-borehole design with the surface casing set in the top of competent bedrock.

Hydraulic testing was performed in several of the Cuyahoga piezometers in Study Area D to determine
yield of the piezometers and hydraulic conductivity of the 680-ft sandstone layer, and to investigate the
connectivity of the saturated zones in the Cuyahoga Formation with the deeper Berea sandstone.

The degree of hydraulic interconnectedness between the Berea and Cuyahoga Formations was
investigated by pumping the Berea Formation and monitoring the response, or absence of response, in the
Cuyahoga Formation. Tests were conducted in each of the four Berea wells (WD-MWO03B,
WD-MWO04B, WD-MWO05B, and WD-MWO06B) while water levels were monitored in the Cuyahoga
piezometer paired with the Berea well.
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Figure 2.13. Water Level following Installation of WD-PZ09C at PORTS
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Figure 2.14. Water Level following Installation of WD-PZ10C at PORTS
WD-PZ11C Water Levels
750 -
- |
Tég —— ‘t.. t= o] —
i i Il I' !
730 L - S e Lt AL

10/15/2011

e Gl Surface

— Casing

= = Weathered/Fractured Extent
— 0 Ly SUCLCE

— | Bl Lo

“BBO-It” Sandstone

/472002
5/26/2012 1
9152012
1/5/2013 -
4/27/2013
8/17/2013

Figure 2.15. Water Level following Installation of WD-PZ11C at PORTS
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Figure 2.17. Water Level following Installation of WD-PZ13C at PORTS
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Figure 2.18. Water Level following Installation of WD-PZ14C at PORTS

Each test was started by pumping the Berea well at 0.1 gpm. If the Berea well yield was sufficient

(i.e., > 0.1 gpm), the test progressed by selecting additional pumping rates of increasing magnitude. If the
Berea well yield was insufficient (i.e., <0.1 gpm), the Berea well was pumped dry and water level
recovery was recorded. Recovery data were recorded as feet of recovery per time. The values were then
converted into volume per time to characterize the yield of the well.

To determine the hydraulic properties for the Cuyahoga Formation, testing consisted of yield tests and
long-term constant rate tests. Where present, water levels were monitored in nearby Cuyahoga
piezometers and/or bedrock borings (open boreholes) to provide additional data for the hydraulic property
evaluation.

Yield tests were initiated at the following six piezometers by placing a pump approximately 2 ft above the
borehole bottom and pumping the entire borehole (without the use of packers):

Pumped WD-PZ11C and monitored WD MW06B
Pumped WD-PZ13C and monitored WW MWO04B
Pumped WD-PZ14C and monitored WD MWO05B
Pumped WD-PZ15C and monitored SB67
Pumped WD-PZ16C and monitored SB57
Pumped WD-PZ17C and monitored SB53, SB54.

Each open borehole piezometer test started with an initial pumping rate of 0.1 gpm and was intended to
progress by selecting three additional pumping rates of increasing magnitude. Pumping rates progressed
only if the Cuyahoga piezometer could sustain a 0.1 gpm discharge rate with stable drawdown over

1 hour. The flow rate at each subsequent pumping rate was selected based on the drawdown measured
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during the previous pumping step. The goal was to determine if the piezometer should receive
subsequent testing of isolated zones. The nearby Berea well was monitored during testing of WD-PZ11C,
WD-PZ13C, and WD-PZ14C to detect any evidence of hydraulic communication between the Cuyahoga
and Berea Formations. In the case of WD-PZ15C, WD-PZ16C, and WD-PZ17C, the nearby Cuyahoga
borings SB67, SB57, and SB53/SB54 were monitored in the expectation of detecting a hydraulic response
that would provide an additional method for estimating a value for hydraulic conductivity for the
Cuyahoga Formation.

Testing of isolated zones within the Cuyahoga piezometers was initiated at open boreholes that could
sustain a 0.1 gpm discharge rate with stable drawdown over 1 hour. A pneumatic packer assembly was
configured so the target zone could be isolated. The selected pumping zones were:

WD-PZ09C: 679 to 671 ft AMSL (2-ft sandstone layer)

WD-PZ09C: 671 to 636 ft AMSL (possible saturated zone below 2-ft sandstone layer)
WD-PZ12C: 749 to 709 ft AMSL (saturated zone above 2-ft sandstone layer)
WD-PZ12C: 710 to 679 ft AMSL (possible saturated zone above 2-ft sandstone layer)
WD-PZ12C: 712 to 681 ft AMSL (possible saturated zone above 2-ft sandstone layer)
WD-PZ12C: 678 to 663 ft AMSL (2-ft sandstone layer).

Each test started with an initial pumping rate of 0.1 gpm and was intended to progress by selecting

three additional rates of increasing magnitude. Pumping rates progressed only if the isolated zone could
sustain a 0.1 gpm discharge rate with stable drawdown over 1 hour. Each subsequent pumping rate was
selected based on the drawdown measured during the previous pumping step. The goal was to have the
third pumping rate match the maximum pumping rate sustainable during a long-term, constant rate test. If
a steady-state flow rate of 0.1 gpm could not be maintained, the zone was pumped dry and the recovery of
the well was recorded. These data were recorded as feet of recovery per time. The values were converted
into volume per time to characterize the yield of the well.

A long-term constant rate test was planned for each isolated zone that could sustain a 0.1 gpm discharge
rate with stable drawdown. The goal was to collect data allowing an estimate of the hydraulic
transmissivity and storativity within the Cuyahoga Formation. The selected pumping zones were the
680-ft sandstone layer in WD-PZ09C and WD-PZ12C. Each test was terminated after 48 hours.

A technical memorandum of the hydraulic testing is provided in Appendix C.

Only two piezometers yielded greater than 0.1 gpm. WD-PZ09C and WD-PZ12C yielded 0.6 gpm and
1.2 gpm, respectively, while yields at WD-PZ11C, WD-PZ13C, WD-PZ14C, WD-PZ15C, WD-PZ16C,
and WD-PZ17C were four orders of magnitude less (ranging from 0.0007 gpm to 0.05 gpm). WD-PZ09C
and WD-PZ12C also exhibited high barometric efficiency (approximately 90 percent), which suggests the
tested zone is confined to a high degree (barometric efficiency is related to the magnitude of water level
response due to changes in barometric pressure). The hydraulic conductivity of the 680-ft sandstone
layer, determined from preliminary evaluation of constant rate testing in WD-PZ09C and WD-PZ12C,
was estimated to be in the range of 40 to 50 ft/day. This conductivity is higher than would be expected,
based on literature values for fractured sandstone. The limited response to pumping observed in other
nearby piezometers would also suggest a lower hydraulic conductivity. Hydraulic conductivity in
piezometers WD-PZ15C, WD-PZ16C, and WD-PZ17C was estimated to be much lower, ranging from
0.001 to 0.004 ft/day, but this may have been related to formation damage (skin effect) during drilling and
poor piezometer development due to little water being produced from the formation. These piezometers
also exhibited lower barometric efficiencies. In addition, testing indicated no hydraulic communication
between the Cuyahoga Formation and the Berea sandstone.
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Eight bedrock cores were also collected (five from the Cuyahoga Formation, two from the Sunbury, and
one from the Berea) at Study Area D for permeability (saturated vertical hydraulic conductivity) testing.
Two of the Cuyahoga cores were from the 680-ft sandstone. Results are provided in Section 2.2.2.2.

At Study Area D, the water levels measured in the Cuyahoga piezometers are approximately 50 to 60 ft
above the potentiometric level of the Berea at locations WD-MWO04B and WD-MWO06B and 80 ft higher
at WD-MWO03B. At WD-MWO05B, the Cuyahoga water level in the adjacent piezometer (WD-PZ14C) is
approximately 30 ft above the Berea potentiometric level.

Figures 2.19 and 2.20 show possible groundwater flow directions for the 680-ft sandstone unit.

(Figure 2.19 shows current conditions, and Figure 2.20 shows potential future conditions after the water
level in X-611B is lowered.) A typical potentiometric map is not provided because the water level and
yield data suggest there may be limited hydraulic connection across the entire area. For the future
condition shown in Figure 2.20, it is assumed the water level in X-611B is 660 ft AMSL or lower.
Throughout the study period, the depth to the potentiometric surface as measured in the piezometers and
monitoring wells was relatively consistent. The southern area near WD-PZ09C and WD-PZ12C appears
to be influenced by interconnected fractures providing recharge and bedding plane partings and fractures
within the 680-ft sandstone that allow greater transmissivity. During the wetter times of the year,
recharge occurs where the 680-ft sandstone is closer to the surface and stress-relief fractures provide a
pathway for water in the regolith to recharge the upper bedrock. This is most evident near WD-PZ16C
which often has the highest water levels in the 680-ft sandstone. WD-PZ16C lies in a valley with the
sandstone subcropping beneath the regolith just below ground surface. The hydraulic gradient in the
center of the area is very small and WD-PZ23C is slow to stabilize. Groundwater moves towards areas of
lower hydraulic head along valleys where the sandstone outcrops and also towards the east-southeast (in a
structurally down-dip direction).

There is a localized area of saturation associated with the 720-ft sandstone lenses in the vicinity of
WD-SB-40 and WD-PZ15C. The sandstone lenses receive recharge where they outcrop, or subcrop
beneath the regolith (within the stream valley that WD-PZ15C is located within), or where fractures
occur. The groundwater then moves laterally along the sandstone lens (or along bedding plane partings)
and may re-emerge along the hillside in an ephemeral seep. None of the other open-hole piezometers had
a groundwater elevation that coincided with the 720-ft sandstone zone.

Borehole geophysical tools were used in selected soil borings at Study Area D to investigate the possible
existence of fractures in the bedrock. An acoustic televiewer log was used because of its capability to
provide an image similar to that of a video camera, and to provide azimuth and dip information for
fractures and bedding structures. An optical televiewer was also used on several borings. The acoustic
televiewer log is an oriented, high-resolution image of the borehole. This image is created using
high-frequency acoustic sound waves. The data from this tool, used in conjunction with other
geophysical tools described below, provided the location and orientation information for features such as
fractures and lithologic contacts. Because the acoustic televiewer tool must be run in a water-filled
boring to be effective, water was introduced into the boreholes prior to logging.
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A suite of geophysical logs was collected in each piezometer in Study Area D, including caliper, natural
gamma, single-point resistance, normal and lateral resistivity, and the digital acoustic televiewer.
Variations in the resistance, resistivity, and natural gamma logs, in conjunction with the caliper and
acoustic televiewer log responses, allow the identification of lithologic changes and geologic features in
the bedrock. Bedding plane fractures were noted at the top of the 680-ft sandstone in WD-PZ08C and
WD-PZ13C, and a vertical fracture in the 680-ft sandstone was observed in WD-PZ09C and WD-PZ12C.
The fractures in the 680-ft sandstone did not appear to extend into the shale above or below the sandstone.
Other fractures, mostly bedding plane partings, were noted within the weathered bedrock zone
(particularly in WD-SB-40). When WD-SB-40 was filled with water for the acoustic televiewer logging,
the bedding plane fractures in the weathered zone (upper 26 ft) appeared to allow the water to drain
relatively quickly. As discussed above, WD-SB-40 appears to be located in an area where the 720-ft
sandstone lens zone is locally saturated. The geophysical logging reports are provided as attachments in
Appendix B.

Groundwater Chemistry

The objective of groundwater sampling for this project was to characterize the general groundwater
chemistry and determine the presence of any contaminants at the four study areas. Approximately

15 existing monitoring wells are currently sampled around Study Area B, and they provide sufficient
characterization for that area. Results from those wells are reported in an annual groundwater report. The
discussion that follows pertains to the newly installed piezometers and monitoring wells at Study

Areas A, C, and D. These piezometers and monitoring wells are sampled quarterly. Following the waste
disposition ROD, the piezometers and monitoring wells will be placed into the PORTS integrated
groundwater monitoring program and evaluated for long-term monitoring or be plugged and abandoned
as determined necessary.

Prior to sampling, the piezometers and monitoring wells are purged to remove any water that is not
representative of the groundwater. Purging of the wells is accomplished using bladder pumps, impeller
pumps, or bailers, depending on the yield of the well. The purge water is containerized and treated in an
existing groundwater treatment facility.

Samples for VOC analysis are collected in such a way that no headspace exists in the sample containers,
which minimizes the possible loss of organic compounds through volatilization. Groundwater samples
that are to be analyzed for dissolved metals or total mobile metals are filtered to remove any residual
particulate material that could alter the preserved metals content in the sample. Unfiltered samples are
also collected to provide the total metals results for the groundwater.

Because many chemical constituents and physicochemical parameters evaluated in the sampling and
analysis program are not chemically stable, sample preservation is required. The most prevalent sample
preservation methods used at PORTS are pH control and the maintenance of sample temperature at 4°C
plus or minus 2°C. The pH of samples is reduced to less than 2 by the addition of acid to the sample
containers or increased to a pH greater than 12 by adding a base. (Filtered samples are filtered in the field
prior to acidification.) Samples are preserved as required by the analytical laboratory and the analytical
method specified in the Geotechnical SAP. QA/QC samples, including trip blanks, equipment rinsates,
field blanks, and field duplicates, are collected during groundwater sampling activities.

Table 2.7 provides the major ion geochemistry of the groundwater in the piezometers and monitoring
wells installed in Study Areas A, C, and D. Figure 2.21 shows the major ions plotted on a trilinear

diagram. The three Gallia sand piezometers plot in a close grouping, with sulfate being the dominant
anion (comprising 70 to 80 percent of the anions). There is no dominant cation in the groundwater in
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these Gallia piezometers but calcium and magnesium combined make up more than 80 percent of the
cations. Five of the seven Berea monitoring wells have different hydrochemical signatures. All the Berea
monitoring wells, with the exception of WD-MWO05B and WD-MWO07B, have a sodium chloride-type
water that may indicate influence from natural brines similar to those associated with hydrocarbon
reservoirs. WD-MWOS5B indicates no dominant cations or anions. WD-MWO05B is located near the area
where the Berea is recharged and the groundwater in that area may reflect a mixture of Gallia and Berea
groundwater. WD-MWO07B shows a signature intermediate between WD-MWO0S5B and the remaining
Berea monitoring wells. Figure 2.22 provides Stiff diagrams of the Berea monitoring wells in Study

Area D and reflects the lower concentrations of sodium and chloride in WD-MWO05B and WD-MWO07B.

Table 2.7. Major Ion Geochemistry of Groundwater in Study Areas A, C, and D at PORTS

Piezometer/ Study Zone Cations Anions
Monitoring Well Area  Monitored (meq/L) (meq/L)

ID Na+K Ca Mg CO;+HCO; Cl SO,
WD-MW-01B C Berea 18.8 0.9 1.4 6.7 13.8 0.2
WD-MW-02B C Berea 19.8 1.6 1.2 7.0 14.3 0.1
WD-MW-03B D Berea 18.4 1.0 0.6 6.3 12.7 0.3
WD-MW-04B D Berea 19.4 1.3 0.7 6.6 15.1 0.3
WD-MW-05B D Berea 6.4 32 2.7 52 4.0 2.4
WD-MW-06B D Berea 21.4 1.0 0.7 6.7 15.0 0.4
WD-MW-07B D Berea 18.7 3.0 2.5 7.5 34 9.4

WD-PZ01G A Gallia 0.7 8.5 5.7 3.7 0.2 10.8
WD-PZ02G A Gallia 2.0 10.3 9.2 4.6 0.6 15.7
WD-PZ03G A Gallia 1.9 4.6 4.8 2.1 0.2 9.3
WD-PZ04C A/C  Cuyahoga 10.2 1.4 0.8 8.7 1.0 1.9
WD-PZ08C D Cuyahoga 8.6 8.4 42.4 12.5 1.5 433
WD-PZ09C D Cuyahoga 13.3 7.0 10.6 8.4 0.7 20.5
WD-PZ11C D Cuyahoga 21.3 9.1 12.1 9.5 0.8 31.5
WD-PZ12C D Cuyahoga 8.1 9.4 43.1 17.5 0.8 38.7
WD-PZ13C D Cuyahoga 16.7 13.9 544 14.0 1.3 69.7
WD-PZ14C D Cuyahoga 133 19.9 66.7 4.6 22 96.9
WD-PZ15C D Cuyahoga 22.1 22.2 82.3 13.6 23 117.3
WD-PZ16C D Cuyahoga 5.0 4.9 22.4 8.2 0.8 20.4
WD-PZ17C D Cuyahoga 10.8 13.0 37.6 9.1 1.5 48.6
WD-PZ18C D Cuyahoga 32.9 19.6 91.9 26.8 1.6 121.4
WD-PZ18CA D Cuyahoga 19.7 232 77.3 17.2 1.7 96.8
WD-PZ19C D Cuyahoga 11.6 13.3 63.1 18.6 1.3 61.8

Note: Values represent the average of samples collected from July 2011 through February 2013.

ID = identification
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Figure 2.21. Major Ion Composition of Groundwater in Study Areas A, C, and D at PORTS
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Twelve of the Cuyahoga piezometers, all located at Study Area D, have sulfate as the dominant anion.
WD-PZ04C, located at Study Area C, has bicarbonate as the dominant anion. The cation composition in
the Cuyahoga groundwater was variable with no consistently dominant cations (magnesium was more
prevalent in ten of the Cuyahoga piezometers at Study Area D). Two Cuyahoga piezometers at Study
Area D, WD-PZ09C and WD-PZ11C, display a different cation signature with magnesium comprising
less than 35 percent of the cations. Magnesium in the remaining Cuyahoga piezometers at Study Area D
is typically greater than 65 percent. Figures 2.23 and 2.24 show Stiff diagrams for the Cuyahoga
piezometers at Study Area D. The different “pattern” for the Stiff diagrams in WD-PZ09C and
WD-PZ11C, resulting from lower magnesium and sulfate, is evident on the trilinear diagram

(Figure 2.21).

Total dissolved solids in the Cuyahoga piezometers at Study Area D ranged from approximately 1,530 to
10,800 mg/L with an average of 4,625 mg/L. The total dissolved solids, calculated by summing the
individual major ions (calcium, magnesium, potassium, sodium, bicarbonate, carbonate, chloride, and
sulfate) are provided in Appendix A, Table A.7. Sulfate is the dominant constituent in the Cuyahoga
groundwater, comprising from 45 to 70 percent of the total dissolved solids. The total dissolved solids in
the Cuyahoga Formation at Study Area C (WD-PZ04C) averaged 680 mg/L. Total dissolved solids in the
Berea monitoring wells, excluding WD-MWO05B and WD-MWO07B, ranged from 1,100 mg/L to

1,700 mg/L with chloride comprising approximately 35 percent of the total dissolved solids. The
drinking water standard (secondary maximum contaminant level [MCL]) for total dissolved solids and
sulfate is 500 mg/L and 250 mg/L, respectively.

Groundwater results from the Gallia piezometers and Berea monitoring wells were compared to
risk-based PRGs provided in the annual groundwater report (DOE 2011b). Only cobalt and copper in
WD-PZ01G and WD-PZ02G exceeded the Gallia groundwater PRGs. Cobalt, which has a Gallia PRG of
0.013 mg/L, was detected at concentrations of 0.013 mg/L and 0.014 mg/L in WD-PZ01G and
WD-PZ02G, respectively. Copper, with a Gallia PRG of 0.021 mg/L, was detected at concentrations of
0.023 mg/L and 0.026 mg/L in WD-PZ01G and WD-PZ02G, respectively. There were no detections of
common PORTS contaminants such as TCE or technetium-99, with the exception of an estimated
technetium-99 result of 1.82 pCi/L in WD-PZ02G.

Low concentrations of VOCs commonly associated with natural gas and petroleum (benzene,
ethylbenzene, xylenes and/or toluene) were detected in all Berea monitoring wells at concentrations
below risk-based PRGs. These compounds are routinely detected in Berea monitoring wells at PORTS as
the Berea sandstone is a known oil- and gas-producing formation in Ohio with gas-production wells as
close as eastern Pike County (DOE 1996e).

Conceptual Model for Groundwater Flow at PORTS

The groundwater flow system of the Minford and Gallia, as well as the Berea flow system, are well
understood and documented in previous PORTS reports. The following discussion is specific to the
upland areas around PORTS that are underlain by the Cuyahoga Formation.

The groundwater system in the upland areas around PORTS has two primary components: the shallow,
weathered regolith and the deeper, unweathered bedrock. Groundwater occupies pore spaces in the
shallow, weathered regolith. Because the bedrock has little primary porosity or permeability,
groundwater occupies secondary porosity comprised of fractures/joints and bedding planes. The regolith,
while thin, represents a temporary storage reservoir and is a source of recharge to the bedrock via
fractures. In most areas, a transition zone between the regolith and bedrock, consisting of weathered
bedrock, is present.
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The regolith is the shallow component of the upland groundwater system. The term “regolith,” as used in
this report, includes all unconsolidated or poorly consolidated materials overlying bedrock in the upland
areas from the top of competent bedrock upwards to the ground surface. Thus, the regolith includes soil,
residuum, and colluvium. The regolith ranges from 2 ft to 20 ft thick and averages approximately 8 to

10 ft in borings at Study Areas C and D. The regolith generally is described as in-place weathered
material lacking geologic structure. At PORTS, the regolith is typically light yellowish-brown to light
gray clay and silt.

Partially weathered bedrock, likely fractured (due to stress-relief fracturing), characterizes the transition
zone between the regolith and bedrock. Vertical fractures may be more common than observed in the
cores or in borehole geophysical surveys. This zone is weathered, but not to the degree necessary to
create substantial clay minerals. The weathering results in the bedrock within this zone having a color
varying from yellowish-brown to light gray in contrast to the dark gray of the deeper, unweathered
bedrock. The cores from the partially weathered bedrock of the transition zone retain most of the original
geologic texture of the bedrock. The thickness of the weathered bedrock zone averages approximately

15 ft. The depth of weathering (regolith plus weathered bedrock) averages 20 to 25 ft.

A conceptual model of groundwater flow in the upland areas around PORTS assumes that water flows
from high topographic areas to low topographic areas, particularly within the regolith. The movement of
water in the regolith is characterized as interflow and/or throughflow (i.e., subsurface stormflow).
Interflow is the lateral movement of water in the soil zone, where a more permeable geologic unit, such as
the regolith, overlays a less permeable geologic unit. Interflow usually occurs following precipitation
events. The infiltrated water moves laterally and then discharges on hillsides as ephemeral seeps
(throughflow returning as wet weather conveyances) or directly into streams. (Throughflow is a
subcomponent of interflow that returns to the surface, as overland flow, prior to entering a stream). While
the influence of the water in the regolith on the local groundwater system was not directly determined,
this conceptual model of interflow is supported by observation and understanding from other similar
systems (note that if a disposal cell is constructed, this zone would be removed for installation of the
bottom liner directly on top of competent bedrock). At Study Area C, the shallow water table in the
regolith/weathered bedrock was approximately 14 ft below surface based on a historical dug well in that
area. On hillsides and other areas where regolith is thin, it likely becomes unsaturated in late summer and
early fall. Figure 2.25 presents a generic conceptual model for groundwater flow in the upland areas
around PORTS (areas underlain by the Cuyahoga Formation).

In areas where fractures occur, or the bedrock (or weathered bedrock) is sandy and more permeable, some
of the groundwater moves downward from the regolith to provide recharge to the deeper bedrock system
(in test pits the more brittle sandstone layers were observed to have vertical fractures which did not
extend into the overlying or underlying shale). Static surface water features, such as the X-611B Sludge
Lagoon, may also provide recharge through contact with more permeable zones in the bedrock that
outcrop below the water surface.

In the upland areas of PORTS, the Cuyahoga Formation contains several zones of thin sandstone layers.
The upper sandstone zone is referred to as the 720-ft sandstone lens zone. The thickness of the individual
sandstone lenses in the 720-ft sandstone lens zone average approximately 0.5 ft. While this “zone” is
fairly continuous across Study Area D, the individual sandstone lenses that comprise this zone are
difficult to correlate from boring to boring and do not appear to be continuous across Study Area D.
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There is a localized area of saturation associated with the 720-ft sandstone lenses in the vicinity of
WD-SB-40 and WD-PZ15C. The sandstone lenses receive recharge where they outcrop, or subcrop
beneath the regolith (within the stream valley that WD-PZ15C is located within) or where they are close
to the surface in the fractured and weathered bedrock. None of the other open-hole piezometers had a
groundwater elevation that coincided with the 720-ft sandstone zone.

The next recognizable zone in depth is the 680-ft sandstone zone. This zone is comprised of an upper
2-ft-thick layer and a lower 0.4-ft-thick sandstone separated by approximately 2 ft of shale. Unlike the
720-ft sandstone zone, the individual sandstone layers in the 680-ft sandstone zone are continuous across
Study Area D, except where removed by erosion to the west and north, and probably extend outside of the
study area to the northeast and east, although the extent is limited by topography with the layer being
eroded in the deeper valleys. These sandstones were also noted in several borings at Study Area C, but
they were thinner and often described as siltstones as the unit tends to become more fine-grained from
north to south.

The vertical hydraulic conductivity of the 680-ft sandstone zone at Study Area D was determined in
laboratory testing to be 0.0005 ft/day to 0.004 ft/day. The horizontal hydraulic conductivity is estimated
to be approximately 10 times that value. Joint and bedding plane partings may increase the permeability
values by one or two orders of magnitude when compared to the intergranular permeability values alone.
The only fractures noted during geophysical logging of seven piezometers at Study Area D were bedding
plane fractures at the top of the 680-ft sandstone in WD-PZ08C and WD-PZ13C, a vertical fracture in the
680-ft sandstone in WD-PZ09C and WD-PZ12C, and bedding plane partings in the weathered bedrock.
With the exception of the above mentioned fractures associated with the 680-ft sandstone, no fractures
were observed in unweathered bedrock. The shale in the Cuyahoga Formation had vertical hydraulic
conductivities much lower than the sandstone (range from 0.000001 to 0.0009 ft/day), based on
laboratory testing.

Throughout the study period, the depth to the potentiometric surface as measured in the piezometers and
monitoring wells was relatively consistent. At Study Area D, potentiometric levels are typically highest
in WD-PZ16C. This piezometer is located in an area where the 680-ft sandstone subcrops beneath the
regolith in a stream valley and receives recharge. Groundwater flow from this recharge area would tend
to be radially outward but would be south-to-southeast beneath the proposed OSDC. Groundwater flow
to the northwest from this recharge area may be limited as the dip of the sandstone is generally to the
east-southeast.

The vertical gradient between the 680-ft sandstone zone and the Berea is estimated to be greater than
1ft/ft downward and in some areas is greater than 2 ft/ft due to the low permeability of the lower
Cuyahoga Formation and the Sunbury shale. Hydraulic testing demonstrated a lack of communication
between the Berea and the overlying saturated zones which suggests the fractures/joints do not extend to
the Berea (stress-relief fracturing decreases with depth).

The groundwater chemistry of the Berea is significantly different from the overlying zone of saturation in
the Cuyahoga. The Berea has a sodium chloride-type hydrochemical facies while the Cuyahoga has a
magnesium sulfate-type hydrochemical facies. The high concentrations of sulfate in the Cuyahoga are
probably related to the oxidation of sulfide minerals in the shale. The exception is WD-PZ09C and
WD-PZ11C which demonstrate a sodium-magnesium sulfate-type water chemistry. The sodium
concentration of these two piezometers, in milliequivalents per liter, accounts for 45 percent of the total
cations whereas sodium only comprises 15 percent of total cations in the remaining Study Area D
piezometers. This seems to reflect more cation exchange of magnesium for sodium on the surface of clay
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particles in the shale. The lowest total dissolved solids in the Cuyahoga occur in WD-PZ09C and
WD-PZ16C. WD-PZ16C is located near a recharge area where the 680-ft sandstone subcrops beneath the
regolith and WD-PZ09C appears to be located in a more permeable zone potentially connected to
recharge areas.

Yield was tested in 12 Cuyahoga piezometers at Study Area D. Only two could sustain a yield greater
than 0.1 gpm. The yield in the remaining piezometers ranged from 0.0007 gpm to 0.05 gpm. The
average of all Cuyahoga piezometer yields was 0.16 gpm with a median yield of 0.002 gpm. The
logarithmic mean, which may be more appropriate given the distribution, is less than 0.01 gpm. Yield
testing in four Berea monitoring wells at Study Area D ranged from 0.008 gpm at WD-MWO05B to
0.02 gpm at WD-MWO06B with a logarithmic mean of 0.01 gpm.

The Berea sandstone, the regional aquifer, occurs at an average elevation of approximately 625 ft AMSL.
The Berea is separated from the Cuyahoga Formation by approximately 20 ft of Sunbury shale. The
upper 10 to 15 ft of the Berea, which has a total thickness of approximately 35 ft, consists of a massive
sandstone bed. The hydraulic conductivity determined by single-well aquifer tests of the Berea sandstone
ranges from 4.5x107 to 15.0 ft/day with a mean value of 0.16 ft/day. The higher hydraulic conductivity
tends to occur in areas where the Sunbury shale is absent and the Berea has been weathered. The Berea
typically has yields greater than 1 gpm and is often the target for installation of residential water supply
wells in this area. Yield measurements are available for three Berea wells (two residential wells and one
PORTS monitoring well) within a 1-mile radius around Study Area D. The average yield based on those
three wells is 1.0 gpm. The Berea represents the uppermost aquifer system at Study Areas C and D (in
the upland areas where the Minford/Gallia is absent).

The sandstone zones in the Cuyahoga Formation, the “720-ft sandstone lens zone” and the “680-ft
sandstone” are considered significant zones of saturation (a “significant zone of saturation,” as defined at
OAC 3745-27-01, means a zone of saturation that may act as a preferential pathway of migration away
from the limits of solid waste placement). These sandstones can transmit groundwater more readily than
the overlying or underlying shale but they are thin (2 ft thick or less) and have a low hydraulic
conductivity and a low yield. Only two piezometers demonstrated a yield greater than 0.1 gpm and
testing indicated little to no hydraulic connection to nearby piezometers and borings. The water quality of
the Cuyahoga is undesirable with sulfate concentrations ranging from 660 mg/L to 6,600 mg/L (the
secondary MCL for sulfate is set at 250 mg/L).

2.2.2.2  Subsurface soil investigation

For investigation of subsurface soil, several intrusive field methods were used to obtain the required
geotechnical, geochemical, and analytical data, as outlined in the Geotechnical SAP. These methods
included CPT and drilling in both unconsolidated and bedrock formations to collect soil samples for
geotechnical, geochemical, and analytical testing. CPT, an in situ method used to determine geotechnical
properties of soils, was used to identify the geologic stratigraphy, determine depth to bedrock, and verify
the depth to groundwater in unconsolidated materials.

The numbers and types of samples collected from each boring are provided in Table 2.8. Because less
data were initially available for Study Areas A, C, and D, most of the sampling was performed in those
areas. The types (and numbers) of geotechnical and hydraulic conductivity tests performed within each
study area are listed in Table 2.9. Appendix C contains the geochemical and geotechnical sample results.
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Table 2.8. Summary of Subsurface Soil Sampling Activities in Study Areas at PORTS

Surface Geotechnical Sample  Geochemical Sample Analytical Sample Total
Elevation Study Interval Interval Interval Depth
Soil Boring (ft AMSL) Area (ft bgs) (ft bgs) (ft bgs) (ft)
WD-SB-01 684.46 A 5-7;7.5-8;15-17, None 0-2;2.5-4.5; 10-12; 81
21.5-22; 25-27; 35-37 17.5-19.5; 22.5-24.5
WD-SB-02 659.28 A 5-7;7.5-8.5; 15-17 0-2;2.5-4.5; 10-12; 0-2;2.5-4.5; 10-12; 52.7
17.5-19.5; 22.5-24.5 17.5-19.5;22.5-24.5
WD-SB-03 678.23 A 5-7;15-17; 25-27 None 0-2;2.5-4.5; 10-12; 70.5
17.5-19.5;22.5-24.5
WD-SB-04 712.24 A/IC  5-7 None 0-2; 2.5-4.5; 10-12 70
WD-SB-05 687.61 A 1-1.5; 3.5-4; 5-7; 0-2; 2.5-4.5; 10-12; 0-2;2.5-4.5; 10-12; 86
8-8.4; 13.6-14; 15-17;  17.5-19.5; 22.5-24.5 17.5-19.5; 22.5-24.5
20-20.5; 25-27,
30-30.5; 32.5-34;
35-37; 45.5-46
WD-SB-06 710.01 A/C  0-2;3-5 None 0-2;2.5-4.5 70.2
WD-SB-07 693.26 A/IC  1-1.5;3-3.5;5-5.5; 0-2;2.5-4.5; 10-12 0-2;2.5-4.5; 10-12 95
6.5-6.9 (plus core from
Cuyahoga, Sunbury,
and Berea)
WD-SB-08 726.13 A/IC  0-2;59 None 0-2;2.5-4.5 127
WD-SB-09 762.00 A/IC  2.5-4.5;5-7;7.5-8; 0-2;2.5-4.5; 10-12; 0-2;2.5-4.5; 10-12; 100
5-9;12.5-13; 14-14.5;  17.5-19.5 17.5-19.5
15.5-16
WD-SB-10 750.81 A/C  5-5.5;5.5-6; 8-12 None 0-2 130
WD-SB-11 763.74 C 5-7 None 0-2;2.5-4.5; 10-12; 80
17.5-19.5
WD-SB-12 687.32 C 5-6.3; 7.5-9.5; 15-17,; None 0-2;2.5-4.5; 10-12; 70.4
25-27 17.5-19.5
WD-SB-13 694.76 C 10-15 (see WD-PZ05C) 0-2 67
WD-SB-14 754.90 C 3-5 None 0-2 125.9
WD-SB-15 760.07 C 5-7 None 0-2 130
WD-SB-16 772.57 C 2.5-4.5; 5-7 None 0-2; 2.5-4.5; 10-12 100.3
WD-SB-17 734.91 C 5-7 None 0-2;2.5-4.5; 10-12; 80
17.5-19.5
WD-SB-18 663.72 B 5-7;15-16.6 None 0-2;2.5-4.5; 10-12; 70
17.5-19.5;22.5-24.5
WD-SB-19 660.61 B 5-6.7;15-17.3 0-2;2.5-4.5; 10-12; 0-2;2.5-4.5; 10-12; 42
17.5-19.5; 22.5-23.5 17.5-19.5;22.5-23.5
WD-SB-20 669.57 B 6-10; 25-27 None 0-2;2.5-4.5; 10-12; 70
17.5-19.5; 22.5-24.5
WD-SB-21 671.13 B None 1.5-3; 4-4.5; 11.5-13; 0-3;4.0-4.5; 11.5-13; 70
19-20.5 19-20.5
WD-SB-22 687.60 D 5-7;13.5-14.5; None 0-2;2.5-4.5; 10-12; 36.4
15.5-16.3 17.5-19.5
WD-SB-23 764.81 D 3-3.5;5-5.5; 8.7-9.1; None 0-2;2.5-4.5; 10-12 127
10-12; 13-14
WD-SB-24 747.37 D 2.5-4.5;5-5.5; 7.5-8.5 19-21; 118.5-120; 0-2;2.5-4.5; 144.3
138-140 19.3-19.8; 118.6-119;
138.4-138.9
WD-SB-25 686.74 D None 0-2;2.5-4.5 0-2;2.5-4.5 47
WD-SB-26 702.83 D 1-1.5; 3.1-3.5; 5-7, None 0-2;2.5-4.5; 10-12 57
7.9-8.9; 10-12;
12.9-13.3; 15-15.4;
15.8-16.2
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Table 2.8. Summary of Subsurface Soil Sampling Activities in Study Areas at PORTS (Continued)

Surface Geotechnical Sample  Geochemical Sample Analytical Sample Total
Elevation Study Interval Interval Interval Depth
Soil Boring (ft AMSL) Area (ft bgs) (ft bgs) (ft bgs) (ft)
WD-SB-27 738.25 D 3.5-4; 5-7; 8-8.5; None 0-2;2.5-4.5; 10-12 101.7
9-9.5; 11.5-12;
12.5-13
WD-SB-28 751.84 D 1-1.5; 5-7; 9-9.5; None 0-2; 2.5-4.5; 10-12 110.9
11.1-11.5; 13-13.5;
14-14.5
WD-SB-29 699.13 D 0-2; 5-7; 8-8.5; 7.5-10;  0-2; 2.5-4.5; 10-12 0-2;2.5-4.5; 10-12 66.2
12.5-13.5; 15-16;
17.5-17.9
WD-SB-30 751.84 D 5-7.5; 12.5-13; 26.5-28.5; 117.5-119.5;  0-2;2.5-4.5; 10-12 148
15.5-16.5 137-139
WD-SB-31 744.51 D 0-2; 5-7; 8-9 0-2;2.5-4.5 0-2;2.5-4.5 140.3
WD-SB-32 721.85 D 1-1.5;4-4.5; 12.5-13.5  None 0-2;2.5-4.5; 10-12 77
WD-SB-33 742.62 D 0.6-1; 2.5-3; 5-6.1; 23-24;116.5-117.5; 0-2;2.5-4.5;10-12; 140
9-9.5; 10.5-11 138-139 13-14; 22-24;
107-109; 116-118;
128-129; 138-139
WD-SB-34 728.05 D 3.2-3.7; 5-7; 8-8.8; None None 86.5
9.3-9.5
WD-SB-35 727.23 D 3.5-4.5;5.5-6; 8-8.5 None None 82
WD-SB-36 752.48 D 5-7;7.5-8 None None 120
WD-SB-37 713.45 D 3-5;10-12 None None 96.3
WD-SB-38 772.71 D 0.5-1; 1-1.5; 4-6; None None 63
14-16; 36-38
WD-SB-39 780.35 D 4-6; 14-15.5 None None 113
WD-SB-40 747.54 D 4-6 None None 78.3
WD-SB-41 779.88 D 2-4; 4-6; 10-12; None None 76.3
15-16.2
WD-SB-42 757.46 D 4-6 None None 83.5
WD-SB-43 684.28 D None None None 30.9
WD-SB-44 703.23 D 4-6 None None 33.4
WD-SB-45 692.13 D 4-6; 8-10 None None 71.8
WD-SB-46 752.57 D 4-6 None None 85
WD-SB-47 733.03 D 2-4;4-4.6 None None 62.5
WD-SB-48 759.60 D 0.5-1; 1-1.5; 2-4; None None 63
14-16; 28-30
WD-SB-49 669.22 D 4-5; 12-14 None 0-2; 2-4; 6-8; 8-10; 20
10-12; 18-20
WD-SB-50 694.82 D 4-6 None None 30
WD-SB-51 695.07 D 4-6 None None 30.1
WD-SB-52 666.64 D 2.5-4; 4-6 None 0-2; 6-8; 8-10 10
WD-SB-53 706.31 D 4-6 None None 66
WD-SB-54 710.77 D 4-6 None None 40
WD-SB-55 675.58 D 0.5-1; 1-1.5; 4-6 None None 30
WD-SB-56 730.53 D 0.5-1; 1-1.5; 5-6.9 None None 46
WD-SB-57 710.57 D 4-6 None None 68
WD-SB-58 685.77 D 4-6 None None 30.1
WD-SB-59 673.43 D 4-6; 18-20 None 0-2; 6-8; 8-10; 12-14; 31
14-16; 18-20; 20-22;
22-23
WD-SB-60 635.65 D 2-4 None None 10
WD-SB-61 657.47 D None None 0-2; 6-10 10
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Table 2.8. Summary of Subsurface Soil Sampling Activities in Study Areas at PORTS (Continued)

Surface Geotechnical Sample  Geochemical Sample Analytical Sample Total
Elevation Study Interval Interval Interval Depth
Soil Boring (ft AMSL) Area (ft bgs) (ft bgs) (ft bgs) (ft)
WD-SB-62 690.00 D 0.5-1; 1-1.5; 4-6; 6-8; None None 30
16-17.1
WD-SB-63 738.67 D 4-6;21-23 None 0-2; 6-8; 8-10; 12-14; 73.4
14-16; 16-18; 26-27
WD-SB-64 750.49 D 1-1.5; 1.5-2; 4-8; None None 65
10-11
WD-SB-65 748.87 D 6-8 None None 79
WD-SB-66 675.18 D None None None 10
WD-SB-67 742.55 D 16-18 None None 74.3
WD-SB-68 679.93 D 4-6 None 0-2; 6-8; 8-10 10
WD-SB-69 743.47 D 2-2.5;2.5-3; 4-6; None None 33
6.5-7.5;9-10.7; 28-30
WD-SB-70 642.05 D 4-6 None None 30.3
WD-SB-71 771.45 D 4-6 None None 81.6
WD-MWO01B 730 C None None 0-2; 2.5-4.5; 10-12; 132
25.4-26.4;35.1-36.1;
101.7-102.7;
110.8-111.5;
121.3-122.3;
131.1-131.7
WD-MWO02B 759.5 C None None 0-2; 2.5-4.5; 10-12; 166
17.5-19.5; 22.5-24.5;
26.3-31.3;
134.5-135.5;
144.5-145.5;
152.7-153.7;
162.5-163.5
WD-MWO03B 748.74 D 3-3.5;5-7; 5-9; 30.3-31.3; 122.3-123.3;  0-2;2.5-4.5; 10-12; 144.3
12.5-12.9; 13.3-13.6; 143.3-144.3 21.3-22.3; 30.3-31.3;
15.5-16 113.5-14.5;
122.3-123.3;
133.5-134.5;
143.3-144.3
WD-MWO04B 702.41 D 2.4-4.5; 5-7; 36.5-37.5; 78-80; 0-2;2.5-4.5;10-12; 98.2
12.5-14.5; 20-20.8 97-99 17.5-19.5
WD-MWO05B 695.69 D 2.5-4.5;9-9.5 21-22; 58-59; 0-2;2.5-4.5; 11-11.5; 80.4
79.5-80.5 21-21.5; 49.5-50;
58-58.5;69.7-70.2;
79.5-79.9
WD-MWO07B 728.39 D None None None ~103
WD-PZ03G 659.3 A None None 0-2; 2.5-4.5; 10-12; 26
17-19.5; 22.5-24.5
WD-PZ04C 750.9 A/C None None 0-2; 2.5-4.5; 10-12; 130
17.5-19.5; 22.5-24.5
WD-PZ05C 694.8 C None 0-2;2.5-4.5; 10-12; 0-2;2.5-4.5; 10-12; 67
17-19.5 17-19.5
WD-PZ06C 754.9 C None None 0-2;2.5-4.5;10-12; 126
17.5-19.5; 22.5-24.5
WD-PZ07C 760.2 C None None 0-2; 2.5-4.5; 10-12; 130
17.5-19.5; 22.5-24.5
WD-PZ08C 728.62 D None None 0-2;2.5-4.5; 10-12 48
WD-PZ09C 754.03 D None None 0-2;2.5-4.5; 10-12 117
WD-PZ10C 727.70 D None None 0-2;2.5-4.5 43
WD-PZ11C 742.64 D None None None 80
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Table 2.8. Summary of Subsurface Soil Sampling Activities in Study Areas at PORTS (Continued)

Surface Geotechnical Sample  Geochemical Sample Analytical Sample Total
Elevation Study Interval Interval Interval Depth
Soil Boring (ft AMSL) Area (ft bgs) (ft bgs) (ft bgs) (ft)
WD-PZ12C 748.70 D None None None 73.5
WD-PZ13C 702.81 D None None None 71.0
WD-PZ14C 695.39 D None None None 44.1
WD-PZ15C 74191 D None None None 72.0
WD-PZ16C 710.66 D None None None 41.0
WD-PZ17C 706.48 D None None None 61.0
WD-PZ18C 765.95 D None None None 94.8
WD-PZ18CA 712.74 D None None None 41.1
WD-PZ19C 704.25 D None None None 35.0
WD-PZ20C 749.58 D None None None 79.1

AMSL = above mean sea level
bgs = below ground surface

Table 2.9. Number of Geotechnical Tests in Study Areas at PORTS

Study  Study Areas

Study Study Area C A and C Study
Test Method Test Description Area AOnly AreaB Only Overlap AreaD  Totals

ASTM D 2487 Engineering classification 19 (12) 6 (8) 11 (14) 12 (11) 40 (28)  88(73)

ASTM D 2216 or ~ Moisture content 10 (12) 6(8) 11(14) 14 (11) 35(28)  76(73)

ASTM D 7263

ASTM D 422 Grain size 14 (12) 6(8) 11(14) 10 (11) 37(28)  78(73)
(including hydrometer)

ASTM D 854 Specific gravity 12 (12) 6(8) 11 (14) 9(11) 35(28)  73(73)

ASTM D 4318 Atterberg limits 19 (12) 6(8) 11 (14) 11 (1) 38(28) 85(73)

ASTM D 698 or Standard proctor or 1(2) 1(1) 1(1) 3(1) 3(1) 9 (6)

ASTM D 4253 relative density

ASTM D 4767 Consolidated undrained 34 3(5) 5(5) 34) 2(5) 16 (23)
triaxial

ASTM D 2435 One-dimensional 6(8) 305 3(6) 3(4) 3(5 18 (28)
consolidation

ASTM D 5311 Cyclic triaxial testing 0(0) 0(1) 0(0) 0(0) 0(2) 0(3)

ASTM D 5084, Hydraulic conductivity 2(3) 1(3) 2(3) 1(2) 2(3) 8 (14)

ASTM D 2434, (undisturbed)

or ASTM D 6836

ASTM D 5084 Hydraulic conductivity 1(0) 0 (0) 1(0) 2 (0) 2(2) 6(2)
(remolded)

ASTM D 4525 Hydraulic conductivity 0(0) 0(0) 1(2) 4(0) 8(4) 13 (6)
(rock core)

ASTM D 3080 Direct shear 0 (1) 0 (1) 0(0) 0 (0) 0 (0) 0(2)

ASTM D 1883 California bearing ratio (D 0 (0) 0 (0) 0 (0) 0 (0) 1(1)
(socked)

ASTM D 1883 California bearing ratio 1(1) 0(0) 0(0) 0(0) 0(0) 1(1)
(unsocked)

The planned numbers of analyses are in parentheses.

ASTM = American Society for Testing and Materials
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CPT was used to collect geotechnical and geological data within the unconsolidated strata. This testing
primarily determines the bearing capacity and pore water pressure of the unconsolidated soil. The CPT
work followed ASTM D 3441, Standard Test Method for Mechanical Cone Penetration Tests for Soil.
CPT was used at 21 locations in both unconsolidated subsurface soils and weathered bedrock until refusal
was reached, and it provided a continuous readout of tip and sleeve resistivity and pore pressure to bottom
depth. At Study Areas C and D, the CPT results supplemented the soil boring data in providing the depth
to bedrock. The average depth to competent bedrock (based on auger refusal) at Study Area D was
approximately 13 ft. The average depth of weathering at Study Area D, based primarily on color change
in the rock core, was 22 ft.

Samples for geochemical, geotechnical, and contaminant analyses were collected with split-spoon
samplers and/or Shelby tubes during the course of drilling. Sampling conformed to ASTM D 1586,
Standard Test Method for Standard Penetration Test (STP) and Split-Barrel Sampling of Soils and
ASTM D 1587, Standard Practice for Thin-Walled Tube Sampling for Soils for Geotechnical Purposes.
Once competent bedrock was encountered, sampling conformed to ASTM D 2113, Standard Practice for
Rock Core Drilling and Sampling of Rock for Site Investigations.

The locations of soil borings are shown in Figures 2.26 through 2.28. Seventy-one soil borings were
advanced to bedrock or into bedrock at the four study areas. The borehole depths for the soil borings,
provided in Table 2.7, ranged from approximately 53 to 100 ft below ground surface (bgs) at

Study Area A, 42 to 70 ft bgs at Study Area B, 67 to 100 ft bgs at Study Area C, and 10 to 148 ft bgs at
Study Area D.

Soil boring samples consisted of Shelby tube and split-spoon samples from discrete depth intervals.
Geotechnical analyses (such as Atterberg limits, water content, consolidation, and unconfined
compression), geochemical analyses (such as Ky, TOC, and cation exchange), and contaminant analyses
were conducted on selected soil samples. Soil samples representing each geologic stratum were used for
batch testing to determine site-specific K4 values for uranium isotopes and technetium-99.

Samples for geochemical analyses (K4, TOC) were collected from selected borings at the depths of the
various geologic strata. The TOC in soil and rock, used in fate and transport modeling of organic
contaminants, was measured in 58 samples. The median value of the detections was 0.00495 kg/kg, or
0.495 percent organic carbon. The dataset had several values greater than 0.047 kg/kg which were
primarily from the Sunbury shale. The Sunbury shale is characterized as an organic rich unit.

One sample from the Berea sandstone at WD-SB-24 had a reported value of 0.071 kg/kg. (The drilling
log for this boring noted a strong hydrocarbon odor from the Berea.) The median value of TOC results
without the Sunbury and Berea results, which appear to be a separate sample population, is 0.0044 kg/kg.
Figure 2.29 provides a comparison of the TOC results from the four study areas. The TOC is higher at
Study Areas C and D where samples were collected from the regolith and shale bedrock compared to
Study Areas A and B where samples were collected from the Minford and Gallia of the Teays Formation.

Because site-specific Ky values have already been determined for several metals, these analyses focused
on developing site-specific K4 values for the radionuclides uranium and technetium-99 only. A total of
40 soil/rock samples representing various geologic strata were collected from specified soil borings and
used for Ky analyses.
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Figure 2.26. Boring Locations in Study Areas A and C at PORTS
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Figure 2.29. TOC Measurements for the RI/FS Study Areas at PORTS

The K, analyses were performed to determine how species of uranium and technetium-99 in groundwater
and soil partition between phases. This information is important in the analysis and evaluation of the
retardation of uranium and technetium, and potential contaminant transport through the geologic strata.
To obtain the most representative results, standard adsorption tests following ASTM C 1733 were
performed on collected soil/rock samples, using both contaminated groundwater from the location and
spiked water. The initial levels, or concentrations, of uranium and technetium-99 in the soil/rock samples
and groundwater were determined by laboratory analyses. A summary of the results of the K4 analyses is
listed in Table 2.10. The first batch of K4 results for uranium was highly uncertain because the uranium
in the groundwater was at low activities. The results for the first batch of uranium Ky analyses were not
considered to be representative and are not included in Table 2.10. The location groundwater was spiked
with uranium for subsequent batch testing. Figure 2.30 shows the variation of Ky values with depth at
WD-SB02 and WD-SBO05. Distribution coefficients for waste were also determined with technetium
ranging from 2.02 to 2.05 mL/g and uranium ranging from 246 to 634 mL/g. All K, results and
laboratory reports are provided in Appendix C.
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Table 2.10. K4 Analytical Results for PORTS
Standard
Error of
Geometric the Number
Min Max Median Mean Mean Mean of
Constituent Geologic Unit (mL/g) (mL/g) (mL/g) (mL/g) (mL/g) (mL/g) Samples
Technetium-99  Minford 2.72 4.97 4.01 3.79 3.84 0.16 15
Gallia 4.32 8.16 7.29 6.36 6.59 1.16 3
Regolith 3.08 5.93 4.28 4.29 4.37 0.25 12
Cuyahoga 3.17 8.86 433 4.60 4.87 0.83 6
Cuyahoga 3.27 3.49 3.38 3.38 3.38 0.11 2
(sandstone
layer)
Sunbury 130 303 217 198 217 86.5 2
Berea 3.29 3.38 3.34 3.33 3.34 0.045 2
Uranium Minford 3.67 118 10.4 14.2 26.1 11.1 10
Gallia 12.3 118 15.3 28.1 48.5 34.7 3
Regolith 4.20 687 17.9 22.6 77.6 55.6 12
Cuyahoga 2.04 58.5 7.03 6.60 14.82 8.96 6
Cuyahoga 64.4 71.7 68.1 68 68.1 3.65 2
(sandstone
layer)
Sunbury 757 757 NA NA NA NA 1
Berea 1.13 1.94 1.54 1.48 1.54 0.41 2
Max = maximum detected value
Min = minimum detected value
NA = not applicable
Technetium-99 Total Uranium
Kl (mifg) K (mLSgl
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Figure 2.30. Variation of K, for Technetium-99 and Total Uranium with Depth at PORTS
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Soil/rock samples were collected for contaminant analysis as well as being evaluated for mineralogy.

A report describing the mineralogy of four soil and six bedrock samples is provided in Appendix C.
Soil/rock samples for VOC analysis were collected from near the base of the split-spoon sampler or core
tubes soon after removal from the core barrel. Then the lithology of the sample was described and
recorded. After the description of the lithology was completed, the soil was placed in a clean bowl and
mixed to homogenize the sample, except in cases where the soil was stiff and could not be mixed. The
resulting mixture was placed in the appropriate sample jars for analysis. In addition to contaminant
characterization samples from the unconsolidated Minford, Gallia, or residual soil above the bedrock,
samples were also collected from bedrock formations for chemical analysis. Samples for contaminant
analysis were typically collected from the following depths, where not in conflict with a geotechnical or
geochemical sample: O to 1 ft, 3 to 5 ft, 10 to 12 ft, 17.5 to 19.5 ft, and 22.5 to 24.5 ft.

Tables 2.11 through 2.14 provide a summary of the analytical results for soil at the four study areas. In
addition to providing the minimum and maximum detected values for many of the analytes, they were
also screened against Type 2 industrial screening levels found in the PORTS Risk Methods document
(DOE 2011b). The Type 2 screening levels represent concentrations below which no significant human
health threats are anticipated. The Type 2 industrial screening levels were calculated using standard EPA
exposure equations and pathway models to account for the ingestion of and dermal contact with soil or
dust, inhalation of particulates, and inhalation of volatiles (DOE 2013a).

Table 2.11. Analytical Results Summary for Soil in Study Area A at PORTS

Type 2
Industrial
Min Max Screening Exceeds
Total Value Value Ratio Level” Screening
Metals Samples  (mg/kg) (mg/kg)  Detect/Total (mg/kg) Level?
Aluminum 37 5.90x10°  1.90x10" 37/37 1.90x10° No
Antimony 36 0.420 0.440 2/37 81.8 No
Arsenic 37 1.60 34.0 37/37 3.81 Yes
Barium 37 28.0 700 37/37 3.55x10* No
Beryllium 37 0.370 1.30 37/37 394 No
Cadmium 37 3.60x107 0.240 19/37 197 No
Chromium 37 12.0 28.0 37/37 10.8 Yes
Cobalt 37 2.40 100 37/37 60.2 Yes
Copper 37 4.90 24.0 37/37 8.18x10° No
Iron 37 1.00x10*  5.30x10* 37/37 1.43x10° No
Lead 37 6.20 45.0 37/37 800 No
Manganese 37 37.0 2.70x10° 37/37 1.39x10" No
Mercury 37 7.20x10°  6.90x107 27/37 61.1 No
Nickel 37 6.20 38.0 37/37 3.77x10° No
Selenium 37 0.130 3.10 27/37 1.02x10° No
Thallium 37 0.130 0.770 37/37 20.4 No
Total Uranium’ 37 0.380 1.70 37/37 611 No
Vanadium 37 22.0 49.0 37/37 1.24x10° No
Zinc 37 25.0 140 37/37 6.13x10" No
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Table 2.11. Analytical Results Summary for Soil in Study Area A at PORTS (Continued)

Type 2
Industrial
Min Max Screening Exceeds
Volatile/Semivolatile Total Value Value Ratio Level” Screening
Organic Compounds Samples  (mg/kg) (mg/kg)  Detect/Total (mg/kg) Level?
2-Butanone 47 2.30x10°  1.20x107 2/47 2.84x10* No
Acetone 47 5.00x10°  8.80x10™ 18/47 1.06x10° No
Benzene 47 530x10"  5.30x10™ 1/47 7.04 No
Benzo(a)pyrene 37 4.90x107 0.270 2/37 0.780 No
Bis(2-ethylhexyl) 37 5.20x107 0.200 11/37 409 No
phthalate
Carbon disulfide 47 3.50x10°  3.50x107 1/47 470 No
Ethylbenzene 47 7.50x10"  7.50x10™ 1/47 35.7 No
Methylene chloride 47 6.90x10* 0.680 5/47 71.7 No
PCB-1260 37 2.50x107  4.00x107 2/37 2.86 No
Polychlorinated biphenyl 37 2.50x107  4.00x10 2/37 2.86 No
Pyrene 37 1.20x107  2.10x10™ 5/37 818 No
Toluene 47 8.20x10"  3.80x107 2/47 7.21x10° No
Total Xylene 47 4.70x10°  4.70x107 1/47 348 No
Type 2
Industrial
Min Max Screening Exceeds
Total Value Value Ratio Level” Screening
Radionuclides Samples (pCi/g) (pCi/g) Detect/Total (pCi/g) Level?
Plutonium-239/240 36 335107 4.50x107 2/36 24.0 No
Uranium-233/234 58 0.569 1.37 58/58 56.5 No
Uranium-235 58 2.37x107  7.82x107 50/58 0.867 No
Uranium-238 58 0.546 1.38 58/58 3.66 No

“Type 2 industrial screening levels are from Table 2 in the PORTS human health Risk Methods document (DOE 2013a). Only
constituents that were detected and have a Type 2 screening value provided in the Risk Methods document are listed in the table.

"The “Total Uranium” analyses cannot be directly compared to isotopic uranium results. “Total Uranium” was determined by

Method 6020 with a sample preparation that only includes a partial dissolution (nitric acid only) to determine the environmentally
available metals. The isotopic uranium samples were analyzed using alpha spectroscopy where the sample preparation included a more
aggressive dissolution process. Because of the sample preparation process, the alpha spectroscopy analyses yield greater uranium values.

DOE = U.S. Department of Energy PCB = polychlorinated biphenyl

Max = maximum detected value PORTS = Portsmouth Gaseous Diffusion Plant
Min = minimum detected value

Table 2.12. Analytical Results Summary for Soil in Study Area B at PORTS

Type 2
Industrial
Min Max Screening Exceeds
Total Value Value Ratio Level” Screening
Metals Samples  (mg/kg) (mg/kg)  Detect/Total (mg/kg) Level?

Aluminum 12 4.00<10°  1.70x10* 12/12 1.90x10° No
Antimony 12 2.80 2.80 1/12 81.8 No
Arsenic 12 2.60 45.0 12/12 3.81 Yes
Barium 12 26.0 110 12/12 3.55x10* No
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Table 2.12. Analytical Results Summary for Soil in Study Area B at PORTS (Continued)

Type 2
Industrial
Min Max Screening Exceeds
Total Value Value Ratio Level” Screening
Metals Samples  (mg/kg) (mg/kg)  Detect/Total (mg/kg) Level?
Beryllium 12 0.250 0.900 12/12 394 No
Cadmium 12 3.70x107 9.90 12/12 197 No
Chromium 12 7.40 20.0 12/12 10.8 Yes
Cobalt 12 1.70 110 12/12 60.2 Yes
Copper 12 5.40 40.0 12/12 8.18x10° No
Iron 12 5.90x10°  2.60x10* 12/12 1.43x10° No
Lead 12 4.90 23.0 12/12 800 No
Manganese 12 15.0 1.20x10° 12/12 1.39x10* No
Mercury 12 8.80x10°  9.40x107 7/12 61.1 No
Nickel 12 6.30 110 12/12 3.77x10° No
Selenium 12 0.130 32.0 7/12 1.02x10° No
Silver 12 1.10 1.10 1/12 1.02x10° No
Thallium 12 0.120 15.0 10/12 20.4 No
Total Uranium’ 12 0.500 24.0 12/12 611 No
Vanadium 12 7.60 230 10/12 1.24x10° No
Zinc 12 21.0 260 12/12 6.13x10" No
Type 2
Industrial
Min Max Screening Exceeds
Volatile/Semivolatile Total Value Value Ratio Level” Screening
Organic Compounds Samples (mg/kg) (mg/kg) Detect/Total (mg/kg) Level?
2-Butanone 16 4.40x10°  1.00x10™ 3/16 2.84x10* No
2-Methylnaphthalene 12 1.90 1.90 1/12 818 No
Acenaphthene 12 520x107  5.20x107 1/12 818 No
Acetone 19 5.00x107  5.30x107 3/19 1.06x10° No
Benz(a)anthracene 12 3.00x107  3.00x107 1/12 0.780 No
Benzo(a)pyrene 12 3.10x107  3.10x107 1/12 0.780 No
Benzo(b)fluoranthene 12 6.10x107  6.10x107 1/12 0.780 No
Benzo(ghi)perylene 12 2.50x10%  3.80x10™ 2/12 818 No
Bis(2-ethylhexyl) 12 9.80x10~ 0.320 1/12 409 No
phthalate
Chrysene 12 3.70x10%  3.70x10 1/12 0.780 No
Dibenzofuran 12 430107 4.30x10™ 1/12 204 No
Fluoranthene 12 7.10x10%  7.10x10 1/12 818 No
Indeno(1,2,3-cd)pyrene 12 2.10x10%  2.10x107 1/12 0.780 No
Methylene chloride 19 9.30x10"  2.40x107 9/19 71.7 No
Naphthalene 12 1.00 1.00 1/12 818 No
Pyrene 12 1.50x107  6.10x107 1/12 818 No
Trichloroethene 19 6.00x10*  1.40x107 6/19 18.2 No
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Table 2.12. Analytical Results Summary for Soil in Study Area B at PORTS (Continued)

Type 2
Industrial
Min Max Screening Exceeds
Total Value Value Ratio Level” Screening
Radionuclides Samples (pCi/g) (pCi/g) Detect/Total (pCi/g) Level?
Uranium-233/234 20 0.519 7.22 20/20 56.5 No
Uranium-235 20 2.84x107 0.285 16/20 0.867 No
Uranium-238 20 0.596 7.16 20/20 3.66 Yes

“Type 2 industrial screening levels are from Table 2 in the PORTS human health Risk Methods document (DOE 2013a). Only
constituents that were detected and have a Type 2 screening value provided in the Risk Methods document are listed in the table.

"The “Total Uranium” analyses cannot be directly compared to isotopic uranium results. “Total Uranium” was determined by

Method 6020 with a sample preparation that only includes a partial dissolution (nitric acid only) to determine the environmentally
available metals. The isotopic uranium samples were analyzed using alpha spectroscopy where the sample preparation included a more
aggressive dissolution process. Because of the sample preparation process, the alpha spectroscopy analyses yield greater uranium values.

DOE = U.S. Department of Energy Min = minimum detected value
Max = maximum detected value PORTS = Portsmouth Gaseous Diffusion Plant

Table 2.13. Analytical Results Summary for Soil in Study Area C at PORTS

Type 2
Industrial
Min Max Screening  Exceeds
Total Value Value Ratio Level” Screening
Metals Samples  (mg/kg) (mg/kg)  Detect/Total  (mg/kg) Level?
Aluminum 68 1.20x10°  2.60x10* 68/68 1.90x10° No
Antimony 67 0.280 17.0 15/67 81.8 No
Arsenic 68 5.60 130 68/68 3.81 Yes
Barium 68 6.10 700 68/68 3.55x10* No
Beryllium 56 0.360 2.70 56/56 394 No
Cadmium 56 3.60x107 0.210 19/56 197 No
Chromium 68 3.50 26.0 68/68 10.8 Yes
Cobalt 68 2.70 100 68/68 60.2 No
Copper 56 4.90 27.0 56/56 8.18x10° No
Iron 68 7.60x10°  6.70x10* 68/68 1.43x10° No
Lead 68 4.00 100 68/68 800 No
Manganese 68 37.0 2.70x10° 68/68 1.39x10* No
Mercury 56 7.30x10°  6.00x107 42/56 61.1 No
Nickel 56 6.20 42.0 56/56 3.77x10° No
Selenium 55 0.130 3.10 44/55 1.02x10° No
Thallium 56 0.110 0.320 56/56 20.4 No
Total Uranium” 68 0.380 24.0 68/68 611 No
Vanadium 68 5.20 270 68/68 1.24x10° No
Zinc 68 8.30 750 68/68 6.13x10* No
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Table 2.13. Analytical Results Summary for Soil in Study Area C at PORTS (Continued)

Type 2
Industrial
Min Max Screening  Exceeds
Volatile/Semivolatile Total Value Value Ratio Level” Screening
Organic Compounds Samples  (mg/kg) (mg/kg)  Detect/Total  (mg/kg) Level?
2-Butanone 61 2.30x10°  2.90x107 1/61 2.84x10* No
Acenaphthene 56 5.80x107  5.80x10™ 1/56 818 No
Acetone 61 5.00x10° 0.150 6/61 1.06x10° No
Anthracene 56 0.140 0.140 1/56 818 No
Benz(a)anthracene 56 0.270 0.270 1/56 0.780 No
Benzene 61 4.90x10*  5.30x10™ 2/61 7.04 No
Benzo(a)pyrene 56 0.220 0.220 1/56 0.780 No
Benzo(b)fluoranthene 56 0.400 0.400 1/56 0.780 No
Benzo(ghi)perylene 56 1.90x102 0.150 2/56 818 No
Bis(2-ethylhexyl) 56 5.20x10 1.20 8/56 409 No
phthalate
Bromodichloromethane 61 8.10x10*  8.10x10™ 1/61 1.77 No
Chloroform 61 4.70x10*  2.10x107 1/61 1.90 No
Chrysene 56 0.270 0.270 1/56 0.780 No
Dibenzofuran 56 4.50x10%  4.50x107 1/56 204 No
Dichloroethene, cis-1,2- 61 5.60x10*  5.60x10™ 1/61 4.09%x10* No
Ethylbenzene 61 7.50x10*  7.50x10™ 1/61 35.7 No
Fluoranthene 56 0.760 0.760 1/56 818 No
Fluorene 56 6.20x10%  6.20x107 1/56 818 No
Indeno(1,2,3-cd)pyrene 56 0.120 0.120 1/56 0.780 No
Methylene chloride 61 6.70x10"*  2.80x107 10/61 71.7 No
Pyrene 56 1.20x107 0.590 5/56 818 No
Toluene 61 7.50x10*  3.80x107 4/61 7.21x10° No
Total Xylene 61 9.90x10*  4.70x107 5/61 348 No
Type 2
Industrial
Min Max Screening  Exceeds
Total Value Value Ratio Level” Screening
Radionuclides Samples (pCi/g) (pCi/g) Detect/Total (pCi/g) Level?
Americium-241 56 3.53x10%  6.51x107 1/56 11.1 No
Uranium-233/234 94 0.496 9.69 94/94 56.5 No
Uranium-235 94 2.13x107 0.450 74/94 0.867 No
Uranium-238 94 0.512 9.78 94/94 3.66 Yes

“Type 2 industrial screening levels are from Table 2 in the PORTS human health Risk Methods document (DOE 2013a). Only
constituents that were detected and have a Type 2 screening value provided in the Risk Methods document are listed in the table.
The “Total Uranium” analyses cannot be directly compared to isotopic uranium results. “Total Uranium” was determined by
Method 6020 with a sample preparation that only includes a partial dissolution (nitric acid only) to determine the environmentally
available metals. The isotopic uranium samples were analyzed using alpha spectroscopy where the sample preparation included a
more aggressive dissolution process. Because of the sample preparation process, the alpha spectroscopy analyses yield greater
uranium values.

Min = minimum detected value
PORTS = Portsmouth Gaseous Diffusion Plant

DOE = U.S. Department of Energy
Max = maximum detected value
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Table 2.14. Analytical Results Summary for Soil in Study Area D at PORTS
Type 2
Industrial
Screening Exceeds
Total Min Value Max Value Ratio Level” Screening
Metals Samples (mg/kg) (mg/kg) Detect/Total (mg/kg) Level?
Aluminum 97 1.10x10° 1.90x10* 97/97 1.90x10° No
Antimony 97 0.330 12 28/97 81.8 No
Arsenic 97 2.50 88.0 97/97 3.81 Yes
Barium 97 5.70 380 97/97 3.55x10" No
Beryllium 97 8.90x107 1.60 97/97 394 No
Cadmium 97 3.60x107 20.0 70/97 197 No
Chromium 97 3.10 25.0 97/97 10.8 Yes
Cobalt 97 1.00 28.0 97/97 60.2 No
Copper 97 2.80 66.0 97/97 8.18x10° No
Tron 97 8.10x10° 1.40x10° 97/97 1.43x10° No
Lead 97 5.50 70.0 97/97 800 No
Manganese 97 13.0 3.10x10° 97/97 1.39x10" No
Mercury 97 5.90x10 0.140 80/97 61.1 No
Nickel 97 5.00 220 97/97 3.77x10° No
Selenium 97 0.110 31.0 86/97 1.02x10° No
Silver 97 1.80x107 1.80 25/97 1.02x10° No
Thallium 97 1.70x107 12.0 97/97 20.4 No
Total Uranium” 97 0.210 23.0 97/97 611 No
Vanadium 97 5.10 300 97/97 1.24x10° No
Zinc 97 7.10 910 97/97 6.13x10* No
Type 2

Industrial

Screening Exceeds
Volatile/Semivolatile Total Min Value Max Value Ratio Level” Screening
Organic Compounds Samples (mg/kg) (mg/kg) Detect/Total (mg/kg) Level?
2-Butanone 80 1.70x107 3.70x10~ 5/80 2.84x10" No
Acetone 80 5.20x107 3.90x10 10/80 1.06x10° No
Benzene 80 4.70x10™ 1.40x107 2/80 7.04 No
Bis(2-ethylhexyl) 77 5.30x107 0.45 11/77 409 No
phthalate
Methylene chloride 80 1.70x10™ 6.50x107 17/80 71.7 No
Total Xylene 80 6.7x10™ 0.11 3/80 348 No
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Table 2.14. Analytical Results Summary for Soil in Study Area D at PORTS (Continued)

Type 2
Industrial
Screening Exceeds
Total Min Value Max Value Ratio Level” Screening

Radionuclides Samples (pCi/g) (pCi/g) Detect/Total (pCi/g) Level?
Americium-241 96 4.34x107 4.42x107 2/96 11.1 No
Plutonium-239/240 96 343107 5.02x107 4/96 24.0 No
Uranium-233/234 118 0.343 9.26 118/118 56.5 No
Uranium-235 95 2.43x107 0.435 67/95 0.867 No
Uranium-238 118 0.373 9.29 118/118 3.66 Yes

“Type 2 industrial screening levels are from Table 2 in the PORTS human health Risk Methods document (DOE 2013a). Only constituents
that were detected and have a Type 2 screening value provided in the Risk Methods document are listed in the table.

The “Total Uranium” analyses cannot be directly compared to isotopic uranium results. “Total Uranium” was determined by Method 6020
with a sample preparation that only includes a partial dissolution (nitric acid only) to determine the environmentally available metals. The
isotopic uranium samples were analyzed using alpha spectroscopy where the sample preparation included a more aggressive dissolution
process. Because of the sample preparation process, the alpha spectroscopy analyses yield greater uranium values.

DOE = U.S. Department of Energy Min = minimum detected value
Max = maximum detected value PORTS = Portsmouth Gaseous Diffusion Plant

The only analytes exceeding the Type 2 screening levels were arsenic, chromium, cobalt, and
uranium-238. Arsenic was analyzed for in 175 samples, and 169 of those had concentrations that
exceeded the Type 2 screening level of 3.81 mg/kg. A previous background study for PORTS

(DOE 1996e) indicated Minford soils having a background arsenic value of 31 mg/kg, which is greater
than the Type 2 screening value for arsenic (3.81 mg/kg). A new study to determine soil background
values for PORTS was initiated in 2012. The new study will evaluate soil background in other geologic
units in addition to the Minford soils. Chromium exceeded the Type 2 screening level in 155 of

175 samples. The Type 2 screening level for chromium is based on chromium (VI), which is considered a
more toxic form, although the analytical method did not differentiate between chromium (VI) and
chromium (III). Cobalt exceeded the Type 2 screening level in 2 of 175 samples. Study Areas B, C,
and D also exhibited Type 2 screening level exceedances for uranium-238 in 13 samples.

Analytical results for 111 samples from the Minford member, collected from 14 boring locations, were
compared to previously determined Minford soil background values. Background values were exceeded
in 68 of the samples. The constituents that exceeded background values included aluminum, arsenic,
barium, calcium, cobalt, iron, lead, magnesium, manganese, mercury, nickel, sodium, gross alpha, and
gross beta. Constituents not exceeding background include beryllium, cadmium, chromium, copper,
selenium, silver, thallium, total uranium, vanadium, and zinc.

Several organic compounds were sporadically detected at all four study areas. These included six
detections of TCE at Study Area B, two detections of PCBs at Study Area A, a single detection of
cis-1,2-dichloroethene at Study Area C, and occasional detections of PAHs at Study Areas A, B, and C.
Many of the detections were estimated with a “J” validation qualifier. Common laboratory contaminants
(e.g., acetone, 2-butanone, methylene chloride, and phthalates) were detected in several samples from all
four locations. Appendix A contains the analytical data from the samples collected at the four study
areas. Figures 2.31 through 2.33 provide the locations and maximum concentrations of VOCs detected in
soil at each study area.
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Figure 2.31. VOCs Detected in Soils at Study Area A and Study Area C

2-70

FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM



DOE/PPP0O/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030
Revision 5

February 2014

J= Estimated Valua
Hl DINI:IId 4] ﬂ_ulﬂl'lk

Z:Butanane = 104

Mathylens chioride = 2 44
dAcetone = 51

TrI:hInN-nIhi:rT =1 4IJ'

[ zBuanone=mzl
Methylerie chionde = 2.2
Acetons = 29

M v

A1 ma

I
&
1Y
STUDY AREA "B" VOC SOIL DETECTS ——— ol
Legend p 1M}
@ Sall Sample Ralroad L) Study Area "B Road
e ¥ BlLificiary Stream - Building Surface Yater Body RIFSWD13_231

Figure 2.32. VOCs Detected in Soils at Study Area B
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Figure 2.33. VOCs Detected in Soils at Study Area D
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Geotechnical samples were collected to characterize the preliminary engineering properties (geotechnical
properties) of the soil to allow an initial evaluation for the preliminary design of waste disposition
alternatives. Most of the geotechnical samples were collected from the unconsolidated Minford/Gallia
members of the Teays Formation and also the residual soils developed on bedrock.

Thirteen bedrock cores were also collected (primarily from the Cuyahoga Formation) for permeability
and strength testing. Saturated vertical hydraulic conductivity was measured in all samples by using the
flexible wall method. Tables 2.15 and 2.16 provide a summary of the vertical permeability results from
the rock core samples.

Table 2.15. Vertical Saturated Hydraulic Conductivity Measurements for PORTS Rock Cores

Hydraulic Hydraulic
Conductivity  Conductivity

Sample Depth - Vertical - Vertical

Station Study Area (ft bgs) Geologic Strata Sampled (cm/s) (ft/d)
WD-MWO01B C 128.0-129.0  Berea 4.40E-05 1.25E-01
WD-SB-07 A/C 50.0-51.0 Cuyahoga 2.50E-09 7.09E-06
WD-SB-07 A/C 62.7-63.7 Sunbury 4.30E-09 1.22E-05
WD-SB-09 A/C 58.5-59.5 Cuyahoga 1.20E-09 3.40E-06
WD-SB-09 A/C 96.5-97.5 Cuyahoga 1.60E-09 4.54E-06
WD-SB-29 D 19.0-20.0 Cuyahoga (680-ft sandstone) 1.40E-06 3.97E-03
WD-SB-29 D 23.0-24.0 Cuyahoga 8.10E-10 2.30E-06
WD-SB-29 D 62.7-64.0 Sunbury 4.00E-10 1.13E-06
WD-SB-31 D 54.0-55.0 Cuyahoga 3.20E-07 9.07E-04
WD-SB-31 D 67.0-68.0 Cuyahoga (680-ft sandstone) 1.80E-07 5.10E-04
WD-SB-31 D 87.0-88.0 Cuyahoga 3.70E-10 1.05E-06
WD-SB-31 D 110.0-111.0  Sunbury 8.60E-09 2.44E-05
WD-SB-31 D 131.0-132.0  Berea 3.20E-05 9.07E-02

bgs = below ground surface

Table 2.16. Summary of Vertical Saturated Hydraulic Conductivity and Porosity
Measurements for PORTS Rock Cores

Mean
Minimum Maximum Mean Porosity Number of
Geologic Unit (ft/d) (ft/d) (ft/d) (%) Samples
Cuyahoga (shale) 1.05E-06 9.07E-04 1.54E-04 14.1 6
Cuyahoga (sandstone layer) 5.10E-04 3.97E-03 2.24E-03 18.0 2
Sunbury 1.13E-06 2.44E-05 1.26E-05 12.8 3
Berea 9.07E-02 1.25E-01 1.08E-01 20.5 2
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Geotechnically, the unconsolidated soils consist primarily of over-consolidated lean clays and silts. A
summary of the Atterberg limits from samples collected during this RI/FS is provided in Figure 2.34.
This plot indicates the geotechnical properties of the unconsolidated soils (Minford silt and clay plus
regolith overlying bedrock) are similar across the study areas with most results classified as inorganic
clays of medium plasticity. The results for the regolith at Study Area D appear to have less variability
than those at Study Area A, but the data are limited. The plastic limits of the soils are relatively constant
with depth and average about 23 percent.
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Figure 2.34. Atterberg Limits of Unconsolidated Soils Investigated in the RI/FS for PORTS

Moisture content is shown in Figure 2.35. The moisture content is typically higher in the soils at Study
Area A (Minford) than in the soils at Study Areas C and D (regolith). There is a weak correlation of
moisture content decreasing with depth (Figure 2.36), but the trend is not consistent in all borings.
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Figure 2.35. Moisture Content of Soils Investigated in the RI/FS for PORTS
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2.2.2.3 Surface water investigation

The approved Geotechnical SAP did not include any investigation of surface water. However, an

Ohio EPA comment recommended a reconnaissance survey in Study Area D to determine if any seeps or
springs are present and contributing to surface water in that area. A field change order was made to
document the addition of a limited surface water investigation. An evaluation of two well-defined,
intermittent/ephemeral tributaries was initiated in December 2011 to look for seeps and springs. Both of
the intermittent streams are shown on U.S. Geological Survey 1:24,000 topographic maps. One of the
streams runs southwest near the X-114A New Firing Range and discharges into Little Beaver Creek while
the other runs north along the DOE property boundary and discharges into Big Beaver Creek.

Figure 2.37 shows the location of 56 seeps identified in Study Area D. Table 2.17 provides the seep
locations and elevations. Eight seep locations were monitored over a 12-week period from
mid-December 2011 through early March 2012 to evaluate seepage rates. Table 2.18 provides estimated
flow rates for these eight seeps as well as their estimated elevations. Seeps OSDC-SP-4 and OSDC-SP-6,
while recognized based on amount of soil moisture, did not have measurable flow rates. Seep
OSDC-SP-8, located on the tributary valley east of Study Area D, had the greatest observed flow. These
seeps appear ephemeral in nature and primarily occur as interflow and/or throughflow (i.e., subsurface
stormflow) following precipitation events. Water that infiltrates into the regolith migrates laterally a
relatively short distance and discharges on hillsides as ephemeral seeps (throughflow returning as wet
weather conveyances) or directly into streams (interflow). The data indicates little seepage unless rainfall
has occurred within a few days of measurement. Significant rainfall (> 0.5 in. over a 24-hour period)
occurred prior to measurements on December 22, 2011; December 29, 2011; January 19, 2012; and
March 1, 2012.

Based on the variability of the seep elevations, most of the seeps do not appear to be associated with any
particular sandstone lenses or layers but are generally found at the interface above the weathered bedrock
surface. In some instances, groundwater may discharge either from sandstone lenses or bedding plane
partings in the weathered bedrock to create seeps along the hillside. Of the 56 seeps identified to date,
fewer than 10 appear to be related to specific sandstone layers (either the 720-ft sandstone lenses or the
680-ft sandstone layer).
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Figure 2.37. Seeps Identified at Study Area D

Table 2.17. Seep Locations and Elevations

State Plane- State Plane- Elevation

Seep ID Easting Northing (ft AMSL)
seep 1 1,831,765.0 377,786.3 719.6
seep 2 1,831,786.2 377,619.4 723.2
seep 3 1,831,896.4 377,491.7 733.1
seep 4 1,832,796.7 376,973.4 734.1
seep 5 1,833,067.2 376,713.9 745.1
seep 7 1,831,442.1 375,836.5 724.5
seep 8 1,830,726.9 376,153.0 703.1
seep 9 1,830,669.5 376,235.0 719.2
seep 10 1,830,560.2 376,995.3 729.5
seep 11 1,830,522.6 377,079.7 719.4
seep 12 1,830,487.0 377,111.5 713.1
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Table 2.17. Seep Locations and Elevations (Continued)

State Plane- State Plane- Elevation
Seep ID Easting Northing (ft AMSL)
seep 13 1,830,411.7 377,119.5 708.6
seep 14 1,830,428.5 377,156.1 706.9
seep 15 1,829,762.6 376,886.3 673.1
seep 16 1,833,127.5 376,630.7 751.3
seep 17 1,832,640.9 376,302.9 732.4
seep 18 1,829,808.6 376,943.9 675.6
seep 19 1,830,757.9 376,488.8 738.2
seep 20 1,830,245.0 376,529.2 729.2
seep 21 1,830,299.7 375,733.5 695.6
seep 22 1,830,191.5 375,810.9 707.9
seep 23 1,830,171.9 375,811.3 711.1
seep 24 1,830,601.1 375,817.5 694.1
seep 25 1,830,832.6 375,590.7 691.7
seep 26 1,831,158.5 376,325.3 734.3
seep 27 1,830,988.1 376,444.5 722.9
seep 28 1,830,947.3 376,316.5 706.0
seep 29 1,831,810.4 375,958.1 726.8
seep 30 1,831,702.5 376,798.8 745.0
seep 31 1,831,685.4 376,818.3 742.5
seep 32 1,831,942.6 377,322.4 743.5
seep 33 1,831,942.5 377,372.8 740.2
seep 34 1,831,913.0 377,432.6 735.2
seep 35 1,831,338.1 376,902.8 730.6
seep 36 1,831,296.5 376,925.0 724.0
seep 37 1,830,942.6 377,458.3 709.3
seep 38 1,829,766.4 377,864.9 685.1
seep 39 1,830,776.4 377,495.3 703.6
seep 40 1,830,730.8 377,491.8 704.2
seep 41 1,830,724.6 377,525.4 702.2
seep 42 1,830,660.7 377,504.1 699.5
seep 43 1,832,585.6 376,973.5 757.4
seep 44 1,832,711.8 377,041.3 734.2
seep 45 1,830,816.0 375,807.6 687.6
seep 46 1,831,609.2 377,790.7 710.9
seep 47 1,831,513.7 377,797.6 707.4
seep 48 1,832,785.3 378,373.8 662.9
seep 49 1,832,782.4 378,281.1 665.8
OSDC-SP-1 1,829,947.4 377,095.5 685.0
OSDC-SP-2 1,830,482.1 377,446.2 695.9
OSDC-SP-3 1,830,720.6 377,567.3 706.3
OSDC-SP-4 1,830,712.3 377,537.0 701.9
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Table 2.17. Seep Locations and Elevations (Continued)
State Plane- State Plane- Elevation
Seep ID Easting Northing (ft AMSL)
OSDC-SP-5 1,829,533.5 376,438.1 670.4
OSDC-SP-6 1,829,448.0 376,498.7 662.0
OSDC-SP-7 1,829,467.1 376,425.7 663.0
OSDC-SP-8 1,832,741.9 378,515.4 674.0
AMSL = above mean sea level
ID = identification
Table 2.18. Study Area D Groundwater Seeps with Estimated Flow Rate
OSDC- OSDC- OSDC- OSDC- OSDC- OSDC- OSDC- OSDC-
SP-1 SP-2 SP-3 SP-4 SP-5 SP-6 SP-7 SP-8
Date (gal/min) (gal/min) (gal/min) (gal/min) (gal/min) (gal/min) (gal/min) (gal/min)
12/14/2011 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.01
12/22/2011 0.08 0.20 0.01 0.00 0.04 0.00 0.03 1.11
12/29/2011 0.07 0.18 0.03 0.00 0.03 0.00 0.03 1.19
1/19/2012 0.06 0.12 0.00 0.00 0.05 0.00 0.01 0.82
1/31/2012 0.00 0.01 0.00 0.00 0.00 0.00 0.00 0.22
3/1/2012 0.00 0.26 0.00 0.00 0.05 0.00 0.02 1.74
3/6/2012 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.38
Average Flow — 43 0.11 0.01 0.00 0.02 0.00 0.01 0.78
Rate
Estimated
Elevation 685 696 706 702 670 662 663 674
(ft AMSL)

AMSL = above mean sea level

On April 9-10, 2012, a Level 1 Assessment of the physical habitat and geomorphic characteristics of

several streams in Study Area D was performed by DOE. A total of eight Primary Headwater

Habitat

(PHWH) stream systems were initially identified during the Level 1 Assessment with a total of

22 individual streams present within Study Area D (Figure 2.38). The stream discussed above, south and
southwest of the X-114A New Firing Range (Stream 1 in Figure 2.38), was classified as a probable

Class Il PHWH in a 1,672-ft reach downstream of the firing range. The rest of the stream within Study
Area D, approximately 1,250 ft, was preliminarily identified in the study as a Class II interstitial PHWH
stream system. Because of the potential presence of Class IIl PHWH streams in Study Area D, a Level 2

Assessment was performed to support a final determination of stream classification.
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Figure 2.38. Stream Valleys Evaluated for Physical Habitat During a Level 1 Assessment at Study Area D
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A more detailed assessment was performed in 2013. Stream assessments were conducted using methods
described in Ohio EPA’s Field Evaluation Manual for Ohio’s Primary Headwater Habitat Streams
(Version 3.0) (Ohio EPA 2012b) and Methods for Assessing Habitat in Flowing Waters: Using the
Qualitative Habitat Evaluation Index (OQHEI) (Ohio EPA 2006a). These assessments consisted of first
conducting detailed physical assessments of each stream feature surveyed, including basic water quality
measurements, global positioning system data, and photographs. The assessed reach of each stream was
selected on the basis of a representative habitat location, excluding external influences such as culverts or
tributaries. If streams showed significant changes in physical conditions throughout the length, an
assessment was conducted in two locations.

Stream sites meeting specific habitat conditions (as defined in the Ohio EPA manuals) or observed to host
larval salamanders were further assessed for biological communities by using a Level 2 or 3 Assessment.
A Level 2 Assessment (Headwater Macroinvertebrate Field Evaluation Index [HMFEI]) was performed
on the basis of location habitat characteristics that included a natural or recovered channel; stream
flowing at the time of assessment; 10 percent or greater amount of cobble, bedrock, boulder or boulder
slabs substrate; and a headwater habitat evaluation index score between 50 and 70. Level 3 Assessment
included the salamander Visual Encounter Survey and Lowest Taxonomic Level Analysis for benthic
invertebrates and was conducted at locations that exhibited Class IIl PHWH characteristics. This level of
assessment positively differentiates between Class IIIA and I1IB communities.

Table 2.19 lists the 38 streams that were identified in Study Area D. One stream is a U.S. Geological
Survey-named feature (Little Beaver Creek), and the remaining ones are unnamed tributaries to either
Little Beaver Creek (23 streams) or Big Beaver Creek (14 streams). Ten streams were assessed using the
HMFE], including six that had a Level 3 Assessment. Little Beaver Creek has a Warmwater Habitat
classification. Three reaches in Study Area D have a Class IIIA designation (UT 7, UT 9, and UT 36).
All other streams were classified as lower to moderate quality Class I and Class Il PHWHs. Figure 2.39
presents the locations and classifications of the various streams. It should be noted that there were no
coldwater fish, salamanders, macroinvertebrate assemblages, or HMFEI scores that would indicate
coldwater habitat. There were also no obvious field indicators of a predominantly groundwater influence.
In conclusion, there are no streams in the study area that have been assigned a provisional Class I1IB
PHWH classification. However, if Study Area D is selected for a potential OSDC, there are streams that
lie within 200 ft of proposed waste boundaries.

A wetlands study was completed for Study Area D. The wetlands survey was conducted using methods
described in the U.S. Army Corps of Engineers’(USACE’s) Corps of Engineers Wetland Delineation
Manual and the Regional Supplement to the Corps of Engineers Wetland Delineation Manual: Eastern
Mountains and Piedmont Region (Version 2.0). The approach is presented in DOE (2013b). Potential
wetlands were identified in the field and then assessed using the Ohio Rapid Assessment Method for
Wetlands, (Version 5.0). The locations and categories of the identified wetlands are presented in
Figure 2.40. A list of the 24 wetlands is presented in Table 2.20.
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Figure 2.39. Identified Stream Segments in the Potential OSDC Study Area
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Figure 2.40. Provisional Wetland Classifications and OSDC Grading/Construction Limits
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Table 2.20. Wetlands Present in Study Area D
Wetland Total Size Provisional Estimated
ID (ac) Category Dominant Community Hydroperiod
WOl 0.048 1 Palustrine-Emergent Wetland Persistent ~ Seasonally Flooded
W02 0.046 1 Palustrine-Emergent Wetland Persistent ~ Seasonally Flooded
W03 0.022 1 Palustrine-Emergent Wetland Persistent ~ Seasonally Flooded
W04 0.009 1 Palustrine-Emergent Wetland Persistent ~ Saturated
WOo05 0.198 Modified 2 Palustrine-Emergent Wetland Persistent ~ Semipermanently
Flooded
W06 0.032 1 Palustrine-Emergent Wetland Saturated
Nonpersistent
\W 0.001 1 Palustrine-Emergent Wetland Saturated
Nonpersistent
W08 0.117 2 Palustrine-Emergent Wetland Persistent ~ Semipermanently
Flooded
W09 0.04 1 Palustrine-Emergent Wetland Persistent ~ Seasonally Flooded
W10 0.118 2 Palustrine-Emergent Scrub-Shrub Semipermanently
Wetland Persistent Flooded
Wil 0.017 1 Palustrine-Emergent Wetland Saturated
Nonpersistent
w12 0.207 2 Palustrine-Forested/Emergent Wetland Seasonally Flooded
W13 0.026 Modified 2 Palustrine-Forested/Emergent Wetland Seasonally Flooded
W14 0.048 1 Palustrine-Emergent Wetland Persistent ~ Temporarily
Flooded
W15 (a-e) 0.969 2 Palustrine-Emergent Scrub-Shrub Semipermanently
Wetland Persistent Flooded
W16 0.005 Modified 2 Palustrine-Emergent Wetland Persistent ~ Seasonally Flooded
W17 0.11 2 Palustrine-Emergent Wetland Persistent  Intermittently
Exposed
W18 0.157 Modified 2 Palustrine-Emergent Wetland Persistent — Intermittently
Exposed
W19 0.02 2 Palustrine-Emergent Wetland Persistent ~ Seasonally Flooded
W20 0.201 Modified 2 Palustrine-Emergent/Scrub-Shrub Temporarily
Wetland Persistent Flooded
W21 1.476 2 Palustrine-Emergent/Aquatic Bed Intermittently
Wetland Persistent Exposed
W22 0.215 Modified 2 Palustrine-Emergent/Scrub-Shrub Seasonally Flooded
Wetland Persistent
w23 0.022 1 Palustrine-Emergent Wetland Persistent ~ Saturated
W24 0.095 Modified 2 Palustrine-Emergent Wetland Persistent ~ Temporarily
Flooded

ID = identification

Wetlands assigned to Category 1 support minimal wildlife habitat and minimal hydrological and
recreational functions. They do not provide critical habitat for threatened or endangered species or
contain rare, threatened, or endangered species. Such wetlands are categorized as “limited quality
waters” under the Ohio EPA antidegradation rule, OAC 3745-1-05. Wetlands assigned to Category 2
support moderate wildlife habitat or hydrological or recreational functions and may include wetlands
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dominated by native species, but generally without the presence of, or habitat for, rare, threatened, or
endangered species. No Category 3 wetlands, which have a higher quality, were found.

2.2.2.4  Test pits

One deviation from the Geotechnical SAP was the addition of two test pits in Study Area D. To facilitate
observation of existing bedrock fracturing and depth of weathering in the Cuyahoga Formation, and to
document the rippability of the bedrock, a test pit was excavated in Study Area D. To minimize the
disturbance of bedrock features, a rock trencher was used at Test Pit 1 to cut two vertical trenches in the
bedrock (Cuyahoga shale) prior to excavating the rock between the trenches. Two parallel, 50-ft-long
trenches were initially cut into the exposed rock surface to a depth of 4 ft. The trenches were 15 ft apart
and ran in an east-west direction. A bulldozer was initially used to rip the 2-ft-thick sandstone, which was
at the surface in the trench area; however, the equipment could not penetrate deep enough to remove the
sandstone. A large excavator was used to dig out the 2-ft-thick sandstone layer. The bulldozer was used
to remove the shale in 6- to 12-in. increments, using only the blade. Excavation with the dozer blade
continued to a depth of 4 ft where a 4-in.-thick sandstone layer was observed.

The trenches that were previously dug to 4 ft were then deepened an additional 4 ft for a total depth of 8 ft
on the north and south sides of the test pit. The shale from between the trenches was then removed using
the blade of the bulldozer in 6- to 12-in. increments. Excavation continued to a depth of 8 ft below the
surface, coinciding with the depth of the two trenches.

Excavation then continued down to a total depth of 12 ft below the existing grade without any further
trenching. The final excavation was performed only with the bulldozer. To reach a depth of 12 ft, the
bulldozer operator used a ripper attachment to remove the shale as the bedrock was becoming more
difficult to remove using only the blade.

For Test Pit 2, the excavation of the test pit was performed using an excavator only. The width of the test
pit was approximately the width of the excavator bucket, and the final depth was approximately 20 ft.
A video camera was lowered into Test Pit 2 to allow close-up observation of the soil and rock layers.

Observations from the test pits included the following:

° Fractures seen on the surface of the 2-ft-thick sandstone in the Cuyahoga Formation continued
throughout the thickness of the sandstone layer but did not extend into the underlying shale.
Fractures in the 2-ft-thick sandstone layer also contained clayey soil, approximately 0.5 in. thick.
Test Pit 2 did not extend to the depth of the 2-ft-thick sandstone layer but encountered a shallower,
approximately 4-in.-thick sandstone layer with similar fractures.

° In Test Pit 1, a 4-in.-thick sandstone layer was observed at a depth of approximately 4 ft (2 ft below
the 2-ft-thick sandstone layer). It was fractured in a fairly regular pattern with each piece exhibiting
an average diameter of approximately 12 in. This layer was easily broken with the ripper
attachment.

° Observed fractures and/or joints were limited to the more brittle sandstone layers. No fractures or
joints were observed in the shale.

° The degree of weathering of the shale, as expected, diminished with depth. The moisture content of
the shale was observed to be higher near the surface and decreased with depth.
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° The bulldozer could easily remove the shale to a depth of 8 ft with the blade only, but needed a
ripper attachment to go deeper. At Test Pit 2, an excavator was used and was able to excavate to a
depth near the maximum reach of the machine.

2.3 DEVIATIONS FROM THE SAMPLING PLAN

Deviations between actual field sampling activities and the activities proposed in the Geotechnical SAP
have been formally tracked and authorized during the entire RI/FS sampling program for the Site-wide
Waste Disposition Evaluation Project by using field change notices. Deviations include such things as
additional samples, additional piezometers, and the addition of other media for investigation during the
sampling program. General field changes include changes in the constituent list for a specific medium or
changes in sampling protocols. All field change notices were reviewed and concurred with by Ohio EPA
in order to maintain the integrity of data quality.

Some of the field change notices documented during field implementation of the SAP include the
following:

e  Having both total (unfiltered) and dissolved (filtered) metal samples collected and analyzed.

e  Using an acoustic televiewer logging tool at Study Area D in selected soil borings to investigate the
possible existence of fractures in the bedrock. The acoustic televiewer log provides an oriented,
high-resolution image of the borehole using high-frequency acoustic sound waves as a source.
Results from this tool provide location and orientation information for features such as fractures and
lithologic contacts.

e  Addition of a surface water walkdown of two intermittent tributaries in Study Area D to look for
seeps and/or springs.

e  Addition of two test pits near the OSDC Study Area D footprint to facilitate observation of existing
bedrock fracturing and depth of weathering in the Cuyahoga Formation.

e  Addition of three Cuyahoga piezometers (WD-PZ12C, WD-PZ13C, and WD-PZ14C) installed
adjacent to three Berea monitoring wells to serve as well pairs in Study Area D.

e  Hydraulic testing using existing monitoring wells/piezometers at Study Area D to determine
site-specific hydrogeologic characteristics.

e  Conversion of several open-hole piezometers in Study Area D into discretely screened piezometers
to evaluate the 680-ft sandstone layer potentiometric surface.

24 QUALITY ASSURANCE/QUALITY CONTROL
QC was monitored throughout the RI process. QC included field sampling, laboratory analysis, and data
management.

2.4.1 Field Quality Control

Field QC samples were collected to assess data quality. Table 2.21 lists the QC samples collected for
each study area. The target collection frequency of QC samples for the entire project was 1 in 20 for
equipment rinsates, field blanks, and field duplicates, as defined in Section 5.3.2.6 of the Geotechnical
SAP. Overall, this target was met for the project. Trip blanks were collected at a frequency of

one per sample cooler containing VOC samples.
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Table 2.21. Summary of QA/QC Samples Collected

during the RI at PORTS
Frequency of
Study Area QC Sample Type Collection”

Equipment Rinsates 2/33
A Trip Blanks 6/33
Field Blanks 4/33
Field Duplicates 5/33

Equipment Rinsates 1/27

B Trip Blanks 4/27
Field Blanks 1/27

Field Duplicates 2/27
Equipment Rinsates 1/33
Overlap of Study  Trip Blanks 6/33
Areas A and C Field Blanks 2/33
Field Duplicates 0/33
Equipment Rinsates 5/67
C Trip Blanks 9/67
Field Blanks 4/67
Field Duplicates 6/67

Equipment Rinsates 8/121

D Trip Blanks 20/121
Field Blanks 9/121

Field Duplicates 6/121

Equipment Rinsates 17/281

Summary Trip Blanks 45/281

Field Blanks 20/281

Field Duplicates 19/281

“Frequency of collection is the number of QA/QC samples collected per number of regular samples
(per interval) collected.

QA = quality assurance
QC = quality control

2.4.2 Laboratory Quality Control

Contract laboratories performed all of the analyses on soil and groundwater samples for the waste
disposition RI. The laboratories performing the analyses were DOE-approved laboratories audited for
compliance with requirements. Approved EPA SW-846 methods were used for all samples, except for
those parameters that required other methods. Filtered and unfiltered analyses were performed on metals
and uranium isotopes. All other analyses were performed using unfiltered samples.

The following analytical data qualifiers were used for reporting fixed-base laboratory results:

Inorganic Analysis

B This qualifier is used when the value is less than the Contract Required Detection Limit or
Required Reporting Limit specified, but greater than or equal to the Instrument Detection
Limit/Method Detection Limit.

U The analyte was analyzed for but not detected.
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This qualifier indicates an estimated value.

The reported value is estimated because of the presence of interference. An explanatory note
must be included under comments.

Duplicate injection precision was not met.

Spiked sample recovery was not within control limits.

Organic Analysis

0]

Indicates compound was analyzed for but not detected.

This qualifier indicates an estimated value. It is used under the following circumstances:

(1) when estimating a concentration for tentatively identified compounds where a 1:1 response is
assumed and (2) when the mass spectral and retention time data indicate the presence of a
compound that meets the pesticide/PCB identification criteria, and the result is less than the
contract-required quantitation limit, but greater than zero.

This qualifier is used when the analyte is found in the associated blank as well as in the sample.

This qualifier identifies compounds whose concentrations exceed the calibration range of the gas
chromatograph/mass spectrometer instrument for that specific analysis.

This qualifier indicates matrix spike/matrix spike duplicate recovery and/or relative percent
difference (RPD) failed to meet acceptance criteria.

Radionuclide Analysis

B

U

o > <=

=

Method blank was not statistically different from sample at a 95 percent level of confidence.
Compound was analyzed for but not detected.

This qualifier indicates an estimated value.

Other specific qualifiers may be required to properly define the results.

Sample is statistically different from duplicate at a 95 percent level of confidence.

Expected and measured value for laboratory control sample is statistically different at a
95 percent level of confidence.

Expected and measured value for matrix spike is statistically different at a 95 percent level of
confidence.

Precision, accuracy, and completeness objectives were presented in Tables B.2 and B.3 of the
Geotechnical SAP (DOE 201 1a).
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Precision refers to the level of agreement among repeated measurements of the same characteristic,
usually under a given set of conditions. To determine the precision of the laboratory analysis, a routine
program of replicate analyses is performed. The absolute difference between the two calculated values is
referred to as the RPD. Precision is determined for this RI by reviewing laboratory-applied qualifiers that
pertain to laboratory duplicates (“M” and “*” for inorganic analyses, “Y” for organic analyses, and “D”
for radionuclide analyses) over all analyses. The QA objectives for precision given in the Geotechnical
SAP are performance-based with RPDs that ranged from 13 to 50 percent.

Accuracy refers to the nearness of a measurement to an accepted reference or true value. To determine
the accuracy of an analytical method and/or the laboratory analysis, a periodic program of sample spiking
is conducted. Accuracy for this RI is determined by reviewing laboratory-applied qualifiers that pertain
to laboratory spikes over all analyses (“N” and “W” for inorganic analyses; “Y” for organic analyses; and
“B,” “M,” and “L” for radionuclide analyses). The accuracy range objective specified in the work plan
was 80 to 100 percent.

Representativeness is the degree to which discrete samples accurately and precisely reflect a
characteristic of a population, variations at a sampling location, or an environmental condition.
Representativeness is a qualitative parameter and will be achieved through careful, informed selection of
sampling locations, drilling locations, drilling depths, and analytical parameters, and through the proper
collection and handling of samples to avoid interference and minimize contamination and sample loss.

Completeness is a measure of the percentage of valid, viable data obtained from a measurement system
compared with the amount expected under normal conditions. The goal of completeness is to generate a
sufficient amount of valid data to satisfy project needs. For this project, the completeness objective for
laboratory measurements is 90 percent. Completeness is also a measure of samples collected during the
field effort with respect to those targeted for collection in the SAP. The Geotechnical SAP called for
collecting 181 soil samples for chemical analyses and 24 soil samples for geochemical analyses. The
actual soil samples collected were 281 analytical samples and 56 geochemical samples; therefore, all soil
samples targeted for chemical analysis during this RI were collected. Groundwater sample objectives
were also fulfilled.

Comparability is the extent to which comparisons among different measurements of the same quantity or
quality will yield valid conclusions. Comparability is assessed in terms of field standard operating
procedures, analytical methods, QC, and data reporting. In addition, data validation assesses the
laboratory processes that affect data comparability.

2.4.3 Data Management

The PORTS Project Environmental Measurements System (PEMS) was used to manage field-generated
data; import laboratory-generated data; add data qualifiers based on data verification, validation, and
assessment; and transfer data to the PORTS Data Warehouse. PEMS included a tracking system to
identify, track, and monitor each sample and associated data from point of collection through final data
reporting. The system included field measurements and chain-of-custody information.

All data packages and electronic data deliverables received from the laboratory were tracked, reviewed,
and maintained in a secure environment. The following information was tracked: sample delivery group
numbers, date received, document control number, number of samples, sample analyses, receipt of
electronic data deliverables, and comments.
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The data verification processes for laboratory data were implemented for both hard-copy data and
electronic data deliverables. The data packages were reviewed to confirm that all samples had been
analyzed for the requested parameters. Discrepancies were reported to the laboratory and data validators.
As part of a series of internal integrity checks within PEMS, a check was run to identify which of the
requested samples and analyses were not received in an electronic data deliverable.

Data verification within PEMS included standardization of analytical methods, chemical names and units,
and checks for holding time violations and detections above background values. The security of PEMS
and the data used for the data management effort were considered to be essential to the success of the
project. Access to PEMS was limited, on an as-needed basis, to the data management personnel.
Read-write, graded access to PEMS was limited to the data management team. The data management
staff assisted other project members with data needs from PEMS by running requested queries.

Data validation is a process performed for a dataset by a qualified individual independent from sampling,
laboratory, project management, and other decision-making personnel for the project. Data validation is
performed in accordance with EPA guidance. In the data validation process, laboratory adherence to
analytical method requirements is evaluated.

As part of the data review process, findings were qualified (as necessary) to reflect data validation results.
The following validation qualifiers were assigned by the data validators:

N The analysis indicates the presence of an analyte for which there is presumptive evidence to make
a tentative identification.

U Analyte or compound was considered not detected above the reported detection limit.
J Analyte or compound was identified; the associated numerical value is approximated.
ul Analyte or compound not detected above the reported detection limit, and the reported detection

limit is approximated because of quality deficiency.

R Result is not usable for its intended purpose, so data are of “information only” quality and should
be supplemented with additional data for decision making.

XV Data were not validated; refer to the RSLTQUAL field, which may contain more information.

XZ Data validation performed but no validation qualifier was applied; refer to the RSLTQUAL field
which may contain more information.

= Data were validated; however, no qualifier was added.
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HIGHLIGHTS OF SECTION 2

Considerable historical environmental media data have been collected at PORTS since the
mid-1990s.

On-PORTS soil and groundwater have been contaminated by historical releases and
practices. Contaminants include radionuclides (primarily uranium and technetium),
metals, and organics.

Current data and groundwater remediation efforts indicate no off-PORTS contamination
above regulatory standards.

Recently collected data from the process equipment confirm technetium-99 and uranium
deposits in the process equipment—greatest contamination is in X-326.

Permeabilities, site-specific K4 values, and TOCs all contribute to low migration rates in
the subsurface.

A saturated sandstone layer was found below Study Area D at an average elevation
680 ft AMSL (10-40 ft bgs).

There are numerous wetlands and streams throughout Study Area D. These surface water
bodies have been classified according to State of Ohio guidance and protocol.

NEXT STEP: SECTION 3 PRESENTS THE OVERALL ENVIRONMENTAL
SETTING OF PORTS
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3. PHYSICAL CHARACTERISTICS OF THE STUDY AREA

Development of a CSM is an element of defining environmental problems. CSMs consist of
understanding the nature and extent of contamination present, the fate of those contaminants in the
environmental setting, and the potential location of receptors that use or may use the contaminated media.
Development of a complete CSM and then defining the magnitude of the impact of the contaminants on
receptors completes the problem definition.

Section 2 presented the data obtained from investigations, both historical and under this project, that are
used in defining elements of the CSM. In Section 3, the information collected across PORTS is coalesced
into an understanding of the physical features of PORTS that will have a bearing on the fate of
contaminants, along with their transport mechanisms and the locations of potential current receptors and
sensitive resources. The intent of Section 3 is to present a catalogue of PORTS conditions relative to
surface features, meteorology, surface water hydrology, geology, hydrogeology, soils, demography and
land use, and ecological resources. Each one of these subjects has a separate section of text. Section 3
provides the information that supports the conclusion that contaminants will not readily migrate off
PORTS because of underlying hydrogeologic conditions and that the future potential uses of PORTS and
surrounding areas are industrial and rural residential.

More specific information related to each of the candidate locations for a potential OSDC is presented in
Appendix D.

The primary reference sources that provided supporting information for this section include the following:

o  Plant-wide Baseline Human Health Risk Assessment, Portsmouth Gaseous Diffusion Plant,
Piketon, Ohio (DOE 1995b [draft])

e Quadrant I RFI Final Report for the Portsmouth Gaseous Diffusion Plant, Piketon, Ohio
(DOE 1996a)

e Quadrant Il RFI Final Report for Portsmouth Gaseous Diffusion Plant, Piketon, Ohio (DOE 1996b)
e Quadrant Ill RFI Final Report for Portsmouth Gaseous Diffusion Plant, Piketon, Ohio (DOE 1996¢)
e Quadrant IV RFI Final Report for Portsmouth Gaseous Diffusion Plant, Piketon, Ohio (DOE 1996d)

e Baseline Ecological Risk Assessment, Portsmouth Gaseous Diffusion Plant, Piketon, Ohio
(DOE 1996f)

o Quadrant Il Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 1998a)

e Quadrant IV Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 1998b)

e Quadrant I Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 2000b)
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e Quadrant Il Cleanup Alternatives Study/Corrective Measures Study Final Report for Portsmouth
Gaseous Diffusion Plant, Piketon, Ohio (DOE 2001a)

e 2010 Groundwater Monitoring Report for the Portsmouth Gaseous Diffusion Plant (DOE 2011b).

3.1 SURFACE FEATURES

PORTS is located in Pike County in south central Ohio, east of the Scioto River, and within the

Scioto River’s drainage basin (Figure 3.1). It occupies an upland area of southern Ohio and has an
average land surface elevation of 670 ft AMSL (with a range from approximately 555 to 850 ft AMSL).
The plant sits in a 1-mile-wide ancestral river valley situated approximately 130 ft above the Scioto River
floodplain, which lies to the west. In much of the industrialized area of PORTS, the original topography
has been modified and graded for construction of buildings and other facility components. Much of the
industrialized area is located on fill that was removed from higher elevations of the plant and placed in
existing drainage valleys and depressions to make the plant more level.

The local topography at PORTS is dominated by ancient and recent streams. The predominant landform
in the area is an undulating, broad, sediment-filled, ancestral river valley. This valley is oriented
north-south and is bounded on the east and west by deeply dissected ridges and low-lying hills. The
surface of the river valley is modified by recent streams (Figure 3.2). A small valley is formed by Little
Beaver Creek, which flows in a northwesterly direction across the middle of the plant, just north and east
of the main industrialized area. Other small valleys formed by streams have cut into the flat-lying,
unconsolidated deposits on which PORTS is located. One of these valleys is that of a westward-flowing
stream, West Drainage Ditch, which is near the west-central area of the plant. Two more streams are
located in the southern portion of the industrialized area. In the southeast portion of the plant, the
southerly flowing stream, Big Run Creek, is situated in a relatively broad, gently-sloping valley. The
Southwest Drainage Ditch has formed a narrow, steep-walled valley. The topography of the four
locations evaluated for a potential disposal cell is discussed in Appendix D.

3.2 METEOROLOGY
This section describes the climatology and meteorology in the area surrounding PORTS and also provides
a discussion of air quality at the plant.

3.2.1 Regional Climatology

The climate of the PORTS area is humid-continental and is characterized by warm, humid summers and
cold, humid winters. For the period of record (June 1893 to December 2010) in Waverly, Ohio
(approximately 10 miles north of PORTS), the daily temperature averages are 73°F in the summer
(June through August) and 33°F in the winter (December through February). The average annual
temperature is 54°F. Record high and low temperatures are 107°F and -31°F, respectively (Western
Regional Climate Center [WRCC] 2011).

Precipitation is distributed relatively evenly throughout the year and averages approximately

40 in. per year. The month with the highest average precipitation for the period of record (June 1893 to
December 2010) is May, and June is the second. Groundwater recharge and flood potential are greatest
during the spring. February is the driest month. Snowfall averages approximately 19 in. per year, and
snowmelt is part of the total annual precipitation (WRCC 2011).
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Figure 3.1. PORTS Location and Major Drainage
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Figure 3.2. Surface Water Features at PORTS

3-4

FBP/WD RIFS D3 R5 MASTER/2/20/2014 9:59 AM



DOE/PPPO/03-0246&D3
FBP-ER-RIFS-WD-RPT-0030
Revision 5

February 2014

Wind data have been collected at an on-PORTS meteorological tower. The data were collected at
heights of 33, 98, and 197 ft above the ground surface. An evaluation of data collected from 1995
through 2001 indicated that winds at the 33-ft level appear to be influenced by local topographical and/or
vegetative features, while the wind data from the 98-ft level are believed to be more representative

(NRC 2006a). A wind rose of the 98-ft level from 1995 through 2001 is presented in Figure 3.3. About
one third of the time, the wind blew from the south-southwest at an average speed of almost 6.5 mph.
Directional wind speed was highest from the south at approximately 8 mph, while the lowest value was

recorded in winds blowing from the east at 4 mph.
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Figure 3.3. Wind Rose for PORTS

Tornadoes are rare in the area surrounding PORTS. For the period January 1950 through April 2011,
1,026 tornadoes were reported throughout Ohio, with an average of 15 tornadoes per year. While
eight tornadoes were reported in Pike County during this period, all were F2 level or less (wind speeds
less than 157 miles per hour) on the Fujita scale (National Climatic Data Center 2011).
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3.2.2  Air Quality

The EPA has established maximum concentrations for pollutants in ambient air, referred to as the
National Ambient Air Quality Standards (NAAQS). The Ohio State Ambient Air Quality Standards are
identical to the NAAQS. Six criteria pollutants are used as indicators of air quality: ozone (O;), carbon
monoxide (CO), nitrogen dioxide (NO,), sulfur dioxide (SO,), particulate matter with a mean diameter of
10 micrometers or less (PM,), particulate matter with a mean diameter of 2.5 micrometers or less
(PM;5), and lead. Areas in which ambient air concentrations meet the standards for each criteria pollutant
are designated as attainment areas. Areas that do not meet the standards are designated as nonattainment
areas. PORTS is located in the Wilmington-Chillicothe-Logan Intrastate Air Quality Control Region,
which covers the south-central part of Ohio. Pike, Ross, and Jackson Counties are in attainment for all
criteria air pollutants (40 CFR 81.336). Scioto County, south of PORTS, is a nonattainment area for
PM, 5 (EPA 2011a).

The DOE operations at PORTS generate conventional nonradiological air pollutants such as organic
compounds and particulate matter. The air emission sources at PORTS include two landfill venting
systems, one glove box, and four groundwater treatment facilities. Ohio EPA regulates these as minor
sources. Other sources include the three boilers at the X-600 Steam Plant (which provide steam for
PORTY), the X-6002 boilers, diesel engine compressors associated with the X-326 dry air systems, and
gravel roads/parking lots associated with construction areas. Air emissions are estimated every 2 years
for the Ohio EPA Biennial Emission Fee Statement. To calculate air emissions, PORTS assumes that
each source emits the maximum allowable amount of each pollutant as provided in the permit or
registration for each source. The following are 2009 emissions of nonradiological air pollutants from
DOE operations at PORTS: 0.202 ton of lead, 48.9205 ton of particulate matter, 16.0003 ton of organic
compounds, 2,051.16 ton of sulfur dioxide, and 225.666 ton of nitrogen oxides. More than 99 percent of
these emissions were associated with the boilers, diesel engine compressors, and construction areas
(DOE 20114d).

With regard to greenhouse gas emissions associated with PORTS, a significant source of CO, is employee
transportation vehicles. The EPA estimates that each gallon of gasoline produces 19.4 1b of CO,
emissions (EPA 2005). Assuming that each PORTS worker drives 30 miles roundtrip to and from work
in a vehicle with a fuel economy rating of 20 miles per gallon of gasoline, each worker generates
approximately 29 lb of CO; in their daily commute. Assuming a 5-day work week and 50 working weeks
per year, the annual amount of CO, emissions by each worker is 7,300 Ib (about 3.7 ton). Based on
current plant employment (2,709, including DOE and tenants), approximately 9,888 ton of CO, is emitted
annually from employee vehicles. In addition, in the 1950s, two coal-fired power generation plants
(Kyger Creek in Ohio and Clifty Creek in Indiana) were originally dedicated to supplying electrical
power to PORTS. Kyger Creek and Clifty Creek emitted a total of approximately 16 million ton of CO,
in 2006 (SourceWatch 2011a; 2011b). In the same year, both plants generated a total of approximately
16.2 million megawatt-hours (MWh) of electricity (Ohio Valley Electric Corporation [OVEC] 2007).
This equates to approximately 0.99 ton of CO, emitted per MWh. To support current annual electrical
requirements at PORTS (approximately 250,000 MWh), approximately 247,500 ton of CO, are emitted.
This amount, combined with the employee vehicle emissions, means the total CO, footprint of PORTS is
approximately 257,400 ton per year.

DOE collects samples from 15 ambient air monitoring stations and analyzes them for radionuclides that
could be present in ambient air as a result of PORTS activities. These radionuclides are isotopic uranium
(uranium-233/234, uranium-235, uranium-236, and uranium-238), technetium-99, and selected
transuranic radionuclides (americium-241, neptunium-237, plutonium-238, and plutonium-239/240). The
ambient air monitoring stations measure radionuclides released from point sources, fugitive air emissions
(emissions that are not associated with a specific release point such as a stack), and background levels of
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radiation (radiation that occurs naturally in the environment and is not associated with PORTS operations)
(DOE 20114d).

Airborne discharges of radionuclides from the PORTS are regulated in accordance with 40 CFR 61,
Subpart H, and the National Emission Standards for Hazardous Air Pollutants (NESHAPs). No
transuranic radionuclides were detected in the samples collected from the ambient air stations in 2009.
Technetium-99 was detected at Stations A23 (northeastern plant boundary) and A24 (north of the plant on
Schuster Road). The maximum activity of technetium-99 in ambient air was 0.0031 pCi/m’ at

Station A24, which is well below the DOE-derived concentration guide of 2,000 pCi/m”.

Uranium-233/234 and uranium-238 were detected in all of the 2009 samples, including those from
background locations, which are established upward of plant operations. The highest average activity of
uranium-233/234 (0.00083 pCi/m’) was detected at Station A29 (on PORTS at OVEC). The highest
average activity of uranium-238 (0.00073 pCi/m’) was detected at Station A28 (southwest of PORTS on
Camp Creek Road). These average activities are well below the DOE-derived concentration guides for
uranium-233/234 (0.09 pCi/m’) and uranium-238 (0.1 pCi/m’).

33 SURFACE WATER HYDROLOGY

PORTS is drained by several small tributaries of the Scioto River (Figure 3.2). Sources of surface water
drainage include storm water runoff, groundwater discharge, and effluent from plant processes. This
section provides a description of the surface water and sediment characteristics for streams influenced by
operations at PORTS.

The largest stream at PORTS is Little Beaver Creek, which runs approximately 4.5 miles from the
east-central portion of the plant to the northwest DOE boundary. Little Beaver Creek receives drainage
from the eastern and northern portions of PORTS before discharging into Big Beaver Creek. Little
Beaver Creek is a small, high-gradient, unmodified stream that receives the majority of its flow from the
X-230J7 East Holding Pond discharge through the East Drainage Ditch. Little Beaver Creek also receives
effluent via the Northeast Drainage Ditch through the outfall from the X-230J6 Northeast Holding Pond
and via the North Drainage Ditch through the outfall from the X-230L North Holding Pond.

Ohio EPA periodically assesses stream water quality at five locations along Little Beaver Creek. The
lower 2.8 miles of the stream are fully attaining warm water habitat aquatic life biocriteria, with a portion
of this (approximately 1.9 miles) characterized by exceptional biological quality. Substrates are
predominantly slab boulders and bedrock at the upper reach to gravel and sand near the mouth of the
stream. During parts of the year, intermittent flow conditions exist upstream from the X-230J7 discharge.
During the summer/fall low-flow time of the year, the upstream section is composed of shallow, isolated
pools with intermittent flow (Ohio EPA 2006b), which is a principal reason the upstream reach is not
attaining warm water habitat aquatic life biocriteria. The Northwest Tributary stream corridor begins in
the northwestern portion of the DOE property (Figure 3.2) and flows approximately 3,200 ft before
leaving the PORTS property and prior to its confluence with Little Beaver Creek.

Water quality chemical characteristics are also evaluated during the Ohio EPA assessment. Most
recently, the only exceedance of water quality criteria in Little Beaver Creek was for copper

(Ohio EPA 2006b). The exceedance for copper appeared to be related to the very low hardness
conditions recorded at the time of sampling. In general, all metals concentrations were very low with
nearly half of the tested parameters less than the laboratory detection limits. VOCs and SVOCs were
reported as not detected in the Ohio EPA assessment. However, DOE has detected TCE and
cis-1,2-dichloroethene at low concentrations at DOE surface water sampling locations in Little Beaver
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Creek on the plant (DOE 2011b). The pH levels in Little Beaver Creek, ranging from approximately 7.5
to 7.7 units, were within acceptable water quality limits. Dissolved oxygen measurements were indicative
of good water quality with values varying from approximately 7.0 to 8.5 mg/L. Radiological results from
sediments revealed elevated levels of technetium-99, total uranium, and isotopic uranium, but the levels
were below ecological screening levels (Ohio EPA 2006b).

Big Run Creek is the smaller tributary of the Scioto River that drains the southern portion of PORTS.
This stream receives outfall effluent from the X-230K South Holding Pond at its headwaters. Big Run
Creek flows south-southwest from PORTS for approximately 4 miles until it intersects the Scioto River.
The most upstream sampling location on Big Run Creek, located downstream of the outfall from the
X-230K South Holding Pond, was in nonattainment of the warm water habitat aquatic life biocriteria
(Ohio EPA 2006b). A sampling location at the PORTS boundary was in partial attainment, and full
attainment was noted at another location approximately 0.3 miles downstream from the boundary. The
substrates of Big Run Creek are predominantly gravel and cobble, and the stream channel remains
unmodified. Because of the small stream size and high gradient, deep pools are absent (Ohio EPA 1993).

In Big Run Creek, surface water results for radiological parameters indicated that radiological doses,
based on the activity concentrations measured, were within acceptable levels for protection of aquatic
biological communities. Sediment sample results indicated low levels of metals and most organic
chemicals. However, total PCBs were slightly elevated below the X-230K outfall. Radiological results
from sediment samples were elevated, but they were below ecological screening benchmarks

(Ohio EPA 2006b). The dissolved oxygen levels (ranging from approximately 6.5 to 7.5 mg/L) were
slightly lower than those observed in Little Beaver Creek.

Because both Little Beaver Creek and Big Run Creek cut through unconsolidated material and intersect
bedrock and the ancestral Portsmouth River Valley essentially forms a large “bowl” around PORTS, all
groundwater leaving PORTS through unconsolidated deposits is eventually drained to the Scioto River by
these two streams.

Two ditches drain the western and southwestern portions of PORTS. Flow in these ditches is low to
intermittent. The West Drainage Ditch receives water from surface water runoff, storm sewers, and plant
effluent. The Southwest Drainage Ditch receives water mainly from storm sewers and groundwater
discharge. These two drainage ditches continue west and ultimately discharge into the Scioto River.

PORTS has 19 permitted outfalls (Figure 3.2) that discharge process water from the property
(DOE 2010b). Eleven of these outfalls discharge directly to surface water while the others initially
discharge to internal outfalls, such as the X-6619 Sewage Treatment Plant, before leaving the plant.

Floodplains consist of mostly level land that may be submerged by floodwaters along rivers and streams.
The 1988 flood insurance rate map provided by the Federal Emergency Management Agency (FEMA)
(FEMA 2009) indicates that the 100-year floodplain extends on both sides of Little Beaver Creek
upstream from its confluence with Big Beaver Creek to the rail spur located near the X-230J9 North
Environmental Sampling Station. The 100-year floodplain ranges on either side of Little Beaver Creek
from 50 to 200 ft, roughly following the 575-ft topographic contour. Flooding is not a problem for the
majority of the plant. The highest recorded flood level of the Scioto River in the vicinity of PORTS was
570 ft AMSL in January 1913, which is approximately 100 ft below the level of most PORTS facilities.
No portion of the 100-year floodplain for Big Run Creek is located within the PORTS boundary.
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The 1988 flood insurance rate map provided by FEMA indicates that no portion of PORTS, including the
area of Little Beaver Creek, falls within the 500-year floodplain. This is likely a result of the deeply
incised drainage and steep gradients along Little Beaver Creek, which would limit the area covered by the
500-year floodplain.

34 GEOLOGY

The geology of PORTS has been characterized over the years by the installation of more than 1,600 soil
borings and wells across the plant. The information in this section was obtained primarily from the
PORTS quadrant RFI final reports listed at the beginning of Section 3. The subsurface consists of
approximately 30 to 40 ft of unconsolidated Quaternary clastic sediments (such as sand, silt, and clay)
overlying Paleozoic bedrock that dips gently toward the east (Figure 3.4). In stratigraphic order, bedrock
is overlain by fluvial Gallia sand and gravel (Gallia) and by the lacustrine Minford clay and silt (Minford)
of the Teays Formation (Figure 3.5). The erosion and subsequent fill of the Portsmouth River Valley
during the Pleistocene is a primary factor controlling the shallow geologic units beneath PORTS. A
portion of the ancestral Portsmouth River Valley underlies the plant.

NOT TO SCALE

Figure 3.4. Schematic Block Diagram Showing Geological Relationships at PORTS
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Figure 3.5. Generalized Stratigraphy at PORTS

The bedrock beneath PORTS is comprised of sandstone and shale deposited in an inland sea during the
late Devonian and Mississippian periods (approximately 340 million years ago) (Coogan 1996). The area
was subsequently uplifted and gently folded. Erosion produced the deeply dissected, knobby terrain that
characterizes southern Ohio. The near-surface bedrock formations (from oldest to youngest) are the
Bedford shale, Berea sandstone, Sunbury shale, and Cuyahoga shale (Upper Devonian and Mississippian
strata) that dip gently to the east-southeast at approximately 30 ft/mile. No known geologic faults are
located in the immediate area. Two distinct joint sets (fractures) are present in outcrops of thin (2 to

8 in. thick) sandstone laminations in the Cuyahoga Formation and the lower Berea/upper Bedford
Formations.
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The Bedford shale is the lowest stratigraphic unit that has been encountered during environmental
investigation activities at PORTS. The Bedford shale, continuous beneath PORTS, consists of thinly
bedded shale with thin interbeds and laminations of hard, gray, fine-grained sandstone and siltstone. The
typical depth to the top of this formation at PORTS is 70 to 100 ft bgs. It averages 100 ft in thickness and
outcrops are present in deeply incised streams and valleys within the DOE reservation.

The Berea sandstone is composed of a light gray, hard, thickly bedded, fine-grained sandstone with thin
shale laminations. The upper 10 to 15 ft of this formation consists of a massive sandstone bed with few
joints or shale laminae. This formation is continuous beneath the industrial portion of PORTS,
underlying the Sunbury shale on the eastern portion of PORTS and the unconsolidated Minford and
Gallia members (Teays Formation) on the western portion of PORTS. The Berea sandstone averages
35 ft thick, and the lower 10 ft have numerous interlayered shale laminations similar to those in the
underlying Bedford shale. This gradational contact does not allow for precise determination of the
thickness of the Berea sandstone. Regionally, the formation contains naturally occurring hydrocarbons
(petroleum) in quantities sufficient for commercial production.

The Sunbury shale is a competent, black, very carbonaceous shale that averages about 15 to 20 ft in
thickness. It is typically the uppermost bedrock unit beneath PORTS, but thins westward as a result of
erosion by the ancient Portsmouth River. The Sunbury shale is absent under the western half of the
reservation. It is also absent in the drainage of Little Beaver Creek downstream from the X-611A Old
Lime Sludge Lagoons and the southern portion of Big Run Creek, where it has been removed by erosion.
The Sunbury shale underlies the unconsolidated Gallia of the Teays Formation beneath the industrialized
eastern portion of PORTS and underlies the Cuyahoga shale outside of the Portsmouth River Valley.

The Cuyahoga shale, the youngest and uppermost bedrock formation in the geographic area, forms the
hills surrounding PORTS. It is a moderately hard, thinly laminated shale that regionally reaches a
thickness of approximately 160 ft and has numerous interbedded sandstone and siltstone laminations.
The Cuyahoga Formation was deposited in an offshore, quiet water environment, perhaps on the distal
margin of a delta. Most of the sandstone layers within the Cuyahoga are very thin (less than 3 in. thick),
but occasionally a thicker layer (1 to 5 ft thick) is encountered in the region. The Cuyahoga shale is not
found beneath the industrial portion of PORTS.

Prior to glaciation, the major drainage system in southern Ohio was the Teays River System. The
river flowed northwest and passed about 3 miles north of PORTS. Glaciation occurring 25,000 to

2 million years ago changed the flow directions of streams, caused lakes to form, and filled in valleys
with lake and river sediments.

The Portsmouth River, a north-flowing tributary of the Teays, flowed across the area that is now occupied
by PORTS (Figure 3.6). The Portsmouth River eroded a valley into the bedrock. The Sunbury was
eroded into a wedge that diminishes to the west and exposed the Berea bedrock on the western third of the
facility. As the Portsmouth River meandered across the valley, silt, sand, and gravel were deposited.
These unconsolidated fluvial deposits form the Gallia Member (Gallia) of the Teays Formation. The
Gallia averages 3 to 4 ft in thickness across PORTS and is characterized as reddish-brown, clayey,
medium-to-coarse sand and gravel (sand and gravel are typically poorly sorted). Channel migration and
variation in depositional environments resulted in the variable thickness and hydraulic properties of the
Gallia. The areas of thickest accumulation of Gallia sediments (exceeding 10 ft thick in some places)
may represent the former channel location. They include areas under the southern end of the

X-330 Process Building and near the X-701B Holding Pond. Gallia deposits beneath PORTS (found at a
depth of approximately 25 ft bgs) are generally absent above an elevation of 650 ft AMSL. This
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Figure 3.6. Location of Ancestral River Systems in Relation to PORTS
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happened because the valley walls of the ancient Portsmouth River formed a natural barrier for deposition
of Gallia channel deposits.

Approximately 1 million years ago, an advancing glacier north of the plant blocked the northwestward
flow of the Teays River. A glacial lake, Lake Tight, filled the valleys of the Teays River and its tributary,
the Portsmouth River. The Minford member (Minford) of the Teays Formation, consisting of lacustrine
silts and clays, accumulated in the lake. The Minford, which represents the uppermost stratigraphic unit
beneath PORTS, consists of two units with a gradational contact. The upper unit is predominantly silty
clay with some very fine-grained sand, and the lower silt unit is composed of clayey silt and very fine to
fine-grained sand. Both units are continuous beneath the industrialized plant. The lower unit is indicative
of shallow lake levels or over-bank deposits that grade into the upper unit of laminated silty clays, which
were deposited as Lake Tight increased in size and depth. The Minford averages 20 to 40 ft in thickness
with the upper unit averaging 16 ft in thickness. Eventually, Lake Tight overflowed its banks and
initiated the high-volume and high-energy lower elevation drainage paths that bypassed the area of
PORTS as they flowed south in the vicinity of the present-day Scioto River.

The unconsolidated Gallia and Minford members of the Teays Formation beneath PORTS are not
continuous with the unconsolidated deposits in the Scioto River Valley to the west. A bedrock ridge
forms a western valley wall that separates the two groups of unconsolidated deposits.

The PORTS Facility is located in the Appalachian Plateau structural province. This structural province is
bounded to the west by the Cincinnati Arch structural province and to the east by the fold-and-thrust belt
of the Appalachian Mountains.

Geologic studies conducted to determine the potential seismic hazard for PORTS have determined that
only one fault is located within 25 miles of the plant. This fault lies approximately 18 miles to the west of
the facility. No seismicity has been recorded on this fault, and no seismic events have occurred within
25 miles of PORTS during the historic period (past 100 years). Based on data from the Ohio Department
of Natural Resources (ODNR), 17 earthquakes occurred within 50 miles of the plant between

January 1900 and October 2011, and only a few of those were likely felt in the vicinity of PORTS
(ODNR 2011a). The largest event occurred on May 17, 1901, with an epicenter approximately 20 miles
from the plant and an estimated magnitude of 4.3. Since 1978, two Ohio earthquakes within 50 miles of
the plant occurred with a magnitude greater than 3.0. Also since 1978, three Kentucky earthquakes
within 50 miles of the plant occurred with a magnitude greater than 3.0 (Hansen 2007). It should be
noted that all of the earthquakes in the area since 1978 were less than magnitude 3.6. On

August 23, 2011, an earthquake with a magnitude of 5.8 occurred in east-central Virginia (approximately
285 m