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EXECUTIVE SUMMARY

The purpose of this Focused Feasibility Study (FFS) is to evaluate alternatives for the management of
landfill wastewater generated from the onsite disposal of Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA) waste from the Oak Ridge Reservation
(ORR) and associated sites. The waste has been disposed at the Environmental Management Waste
Management Facility (EMWMF) and will be disposed in the future at the proposed Environmental
Management Disposal Facility (EMDF).

The D2 version of this FFS was submitted from the U.S. Department of Energy (DOE) to the
U.S. Environmental Protection Agency (EPA)and the Tennessee Department of Environment and
Conservation (TDEC) in April 2016, and the document went into the formal dispute process in
August 2018. The EPA Administrator issued a final decision in December 2020 resolving the dispute
among EPA, TDEC, and DOE regarding the discharge to surface water of wastewaters generated during a
response action under CERCLA at the ORR facility (Wheeler, A. R.).

The D3 revision to the FFS addressed the direction given in the EPA’s Dispute Resolution Decision Letter.
The primary revisions were made in Appendix K, Revised Discharge Limits for Landfill Wastewater;
Sect. 3.2; Appendix M, EPA Administrator’s Dispute Resolution Letter; and Appendix D, Applicable or
Relevant and Appropriate Requirements. This D3 revision was not intended to be a comprehensive update.
Additional minor revisions were made throughout the document, only to the extent required to
accommodate the EPA’s Dispute Resolution Decision Letter. The preliminary remediation goals (PRGs)
and preliminary discharge requirements contained in the D3 FFS were developed solely for the purpose of
evaluating landfill wastewater discharge alternatives. Final discharge limits were deferred to the EMWMF
and EMDF project teams, to be provided in the EMWMEF and EMDF Records of Decisions (RODs) and/or
applicable post-ROD documents.

The D4 revision to the FFS updated the main text of the report to incorporate changes from the EPA and
TDEC comments on the D3, to reflect the current proposed location for EMDF and to reflect changes made
in wastewater treatment and management that have been made since the D2 and D3 versions. Additional
revisions were made to the following Appendices:

e Appendix C—revised to update the data presented. All tables, graphs and descriptions were updated.
e Appendix E—restored to original, more conservative appendix in the D1/D2/D3 versions.

e Appendix J—revised/replaced per the Federal Facilities Agreement (FFA) parties agreement.

¢ Appendix K— the radiological section was completely revised to incorporate the development of PRGs
for landfill wastewater. The non-radiological section was updated with more recent information.

The D4/R1 revision to the FFS replaces Appendix E with the original Appendix, which is more conservative
and bounding, and adds Appendix N with FFA Party agreements on mercury and radiological discharge
PRGs. This revision also incorporates informal EPA input and TDEC comments on the D4.

Currently, contact water from EMWMEF is discharged to Bear Creek if it meets the discharge limits that are
based on the fish and aquatic life criterion maximum concentration ambient water quality criteria. If the
contact water does not meet the discharge limits, it is conditioned to meet the discharge limits or transferred
by tanker truck to the Process Water Treatment Complex (PWTC) at the Oak Ridge National Laboratory
for treatment and disposal. Leachate is transferred by tanker truck to PWTC for treatment and disposal

The alternatives evaluated are:

X



e Alternative 1: No Action

e Alternative 2: Managed Discharge/Treat at EMWMF/proposed EMDF site
e Alternative 3: Treat at the PWTC at the Oak Ridge National Laboratory

e Alternative 4: Treat at Outfall 200 at the Y-12 National Security Complex

All alternatives, except No Action, meet the threshold criteria of overall protection of human health and the
environment and compliance with applicable or relevant and appropriate requirements. Alternative 2 can
be implemented immediately at EMWMEF for existing discharge limits for no additional capital cost. Capital
costs are required for construction of a right-sized, adaptable landfill wastewater treatment system that will
provide treatment to meet the new discharge limits with the ability to adapt to changing contaminants of
concern (COCs). Since neither the PWTC nor the Outfall 200 Mercury Treatment Facility are designed to
treat all the key COC:s in the landfill wastewater, both alternatives require pre-treatment in order to provide
long-term effectiveness. In addition, the landfill wastewater has to be transported to both sites. Therefore,
the capital cost of these alternatives is greater than Alternative 2. Alternatives 2, 3, and 4 are all easy to
implement because the treatment technologies for removal of key COCs are well demonstrated, reliable,
effective, readily available, and easy to construct using standard equipment and techniques.

While this FFS describes the landfill wastewater management evaluation for both EMWMF and the
proposed EMDF, implementation will be tailored to the current phase of the CERCLA process for each.
EMWMEF is currently operating and is nearing capacity, while the proposed EMDF is in the CERCLA
planning process.

e Proposed EMDF. The selection and approval of a landfill wastewater management alternative was
originally intended to be included in the proposed plan. However, due to the length of time for
resolution of the formal dispute on the D2 FFS, the FFA parties agreed to issue the EMDF Proposed
Plan for public comment in September 2018 without a recommendation for landfill wastewater
management. In May 2022, DOE issued a Water Quality Protection for Bear Creek Fact Sheet for
additional public comment. Public comments and responses to those comments will be documented in
the Responsiveness Summary of the ROD. The EMDF ROD will document acceptance of the selected
remedy. Implementation of landfill wastewater management will continue as part of the normal
CERCLA process for the proposed EMDF, from design to initiation of operations.

o EMWMF. An Explanation of Significant Differences for the EMWMF ROD will be prepared to include
landfill wastewater management and provided for public review and comment. Following approval, the
remedial action work plan, operations plan, and the sampling and analysis plan/quality assurance
project plan will be revised for implementation.



1. INTRODUCTION

1.1 PURPOSE

The purpose of this Focused Feasibility Study (FFS) is to evaluate alternatives for the management of
landfill wastewater generated from the onsite disposal of Comprehensive Environmental Response,
Compensation, and Liability Act of 1980, as amended (CERCLA) waste from the Oak Ridge Reservation
(ORR) and associated sites. This CERCLA waste is currently being disposed at the onsite Environmental
Management Waste Management Facility (EMWMF) and will be disposed in the future at the proposed
onsite Environmental Management Disposal Facility (EMDF). EMWMEF is located in the Bear Creek
watershed. The proposed EMDF is planned to be constructed in the same watershed.

The alternatives will provide both short-term and long-term solutions for the management of landfill
wastewater generated during operation of the disposal facilities and during post-closure. This solution will
supersede any previous decisions (Addendum to Remedial Design Report for Disposal of Oak Ridge
Reservation Comprehensive Environmental Response, Compensation, and Liability Act of 1980 Waste,
Oak Ridge, Tennessee [DOE/OR/01-1873&D2/A1/R2]) for landfill wastewater management. During the
planning process for the proposed EMDF, the U.S. Department of Energy (DOE), the U.S. Environmental
Protection Agency (EPA), and the Tennessee Department of Environment and Conservation (TDEC)
agreed to evaluate the management of landfill wastewater in an FFS and then to integrate the evaluation
into the decision-making documents for the proposed EMDF and EMWMF.

This is an FFS because it only addresses the management of landfill wastewater generated from EMWMF
and the proposed EMDEF. The evaluation from this FFS will be included in the appropriate EMWMF
CERCLA decision-making documents (see Sect. 1.10, “Estimated Timeline”). The appropriate CERCLA
decision-making documents are described for each alternative (Sect. 3.3, “Description of Alternatives”).

Because this FFS is focused only on landfill wastewater management from engineered facilities, the
hydrogeology of the site, soils information, and ecological information is not included in this FFS. This
information is contained in the Remedial Investigation/Feasibility Study for the Disposal of Oak Ridge
Reservation Comprehensive Environmental Response, Compensation, and Liability Act of 1980 Waste
(DOE/OR/02-1637&D2 and DOE/OR/02-1637&D2/A1) and the Remedial Investigation/Feasibility Study
for Comprehensive Environmental response, Compensation, and Liability Act, Oak Ridge Reservation
Waste Disposal, Oak Ridge, Tennessee (DOE/OR/01-2535&D5).

The D2 version of this FFS was submitted from DOE to EPA and TDEC in April 2016, and the document
went into the formal dispute process in August 2018. The EPA Administrator issued a final decision in
December 2020 (Wheeler, A. R.) resolving the dispute among EPA, TDEC, and DOE regarding the
discharge to surface water of wastewaters generated during a response action under CERCLA at the ORR
facility (see Appendix M).

The D3 revision to the FFS addressed the direction given in the EPA Administrator’s Dispute Resolution
Decision letter. The primary revisions were in Appendix K, Revised Discharge Limits for Landfill
Wastewater; Sect. 3.2; Appendix M, EPA Administrator’s Dispute Resolution Letter; and Appendix D,
Applicable or Relevant and Appropriate Requirements. The D3 version was not intended to be a
comprehensive update. Additional minor revisions were made throughout the document, only to the extent
required to accommodate the EPA’s Dispute Resolution Decision Letter. The preliminary remediation
goals (PRGs) and preliminary discharge requirements contained in the D3 FFS were developed solely for
the purpose of evaluating landfill wastewater discharge alternatives. Final discharge limits will be



developed by the EMWMF and EMDF project teams, to be provided in the EMWMF and EMDF Records
of Decisions (RODs) and/or applicable post-ROD documents.

The D4 revision to the FFS updates the main text of the report to reflect the current proposed location for
EMDF and to reflect changes made in wastewater treatment and management that have been made since
the D2 and D3 versions. Additional revisions were made to the following Appendices:

e Appendix C—revised to update the data presented. All tables, graphs and descriptions were updated.
e Appendix E—restored to original, more conservative appendix in the D1/D2/D3 versions.

e Appendix J—revised/replaced per the Federal Facilities Agreement (FFA) parties agreement.

¢ Appendix K—the radiological section was completely revised to incorporate the development of PRGs
for landfill wastewater. The non-radiological section was updated with more recent information.

The D4/R1 revision to the FFS replaces the previously revised Appendix E with the original Appendix,
which is more conservative and bounding. Appendix N was added with the FFA party agreements on
mercury and radiological discharge PRGs. This revision also incorporates TDEC comments on the D4.

1.2  ORGANIZATION OF THE STUDY
This FFS consists of six chapters and supporting appendices.

e Chapter 1, “Introduction,” describes the purpose of the study and site conditions.

e Chapter 2, “Remedial Action Objectives,” presents the objectives of the study and an introduction to
the applicable or relevant and appropriate requirements (ARARs).

e Chapter 3, “Development and Description of Alternatives,” summarizes the assemblage of
representative process options into alternatives to meet the remedial action objectives and describes
each alternative.

e Chapter 4, “Analysis of Alternatives,” evaluates the ability of the alternatives and no action to achieve
the evaluation criteria and to meet the remedial action objectives, and summarizes the alternative
evaluations as compared to no action.

o Chapter 5, “References,” provides full citations for documents used in the preparation of this study and
cited in the main text.

The appendices provide supporting data and additional information, including:

e Appendix A, “Bear Creek Burial Grounds Evaluation,” is an evaluation of Bear Creek Burial Grounds
(BCBG) as a scope element.
e Appendix B, “Contact Water and Leachate Flow Rate,” describes the development of flow rates.

e Appendix C, “Explanation of How the Key Contaminants of Concern Were Developed,” provides an
explanation of the key contaminants of concern (COCs).

e Appendix D, “Applicable or Relevant and Appropriate Requirements,” is a complete set of proposed
ARARSs.

e Appendix E, “Mercury Concentration in Environmental Management Disposal Facility Leachate,” is a
projection of mercury concentration in the proposed EMDF leachate.



e Appendix F, “Leachate and Contact Water Waste Determination,” is a discussion of waste
determination for leachate and contact water.

e Appendix G, “Zero Discharge,” evaluates the feasibility of zero discharge of landfill wastewater.
e Appendix H, “Water Storage Requirements,” develops the amount of water storage required.

e Appendix I, “Basis of Cost Estimates,” presents the basis of the cost estimates.

e Appendix J, “Screening Water Sampling Results for Evaluating Compliance with ARARs.”

e Appendix K, “Development of Preliminary Remediation Goals for Fish Tissue and Surface Water for
Landfill Wastewater.”

e Appendix L, “Proposed Sampling Approach for the Water Management FFS.”
e Appendix M, “EPA Administrator’s Dispute Resolution Decision Letter.”
e Appendix N. “FFA Parties, Emerging Issues Team Agreements”

1.3 SITE DESCRIPTION

The approximately 33,000-acre DOE ORR is located within and adjacent to the city limits of Oak Ridge,
Tennessee in Roane and Anderson counties (Fig. 1). The ORR is bounded to the east and north by the
developed portion of the city of Oak Ridge. The three major industrial, research, and production facilities
originally constructed as part of the World War Il-era Manhattan Project and currently managed by DOE
are the East Tennessee Technology Park (ETTP), the Oak Ridge National Laboratory (ORNL), and the
Y-12 National Security Complex (Y-12).

Historic nuclear research and national defense-related operations on the ORR have led to the contamination
of soil, surface water, sediment, groundwater, and buildings and have resulted in burial of material at
various sites on the ORR. Because of these contaminant releases, ORR was placed on the EPA National
Priorities List established under CERCLA (54 Federal Register [FR] 48184, November 21, 1989). DOE,
TDEC, and EPA signed the Federal Facility Agreement for the Oak Ridge Reservation (DOE/OR-1014)
that describes how CERCLA remediation activities are performed on the ORR.

The Bear Creek watershed (Fig. 2) contains closed and active waste disposal facilities, including EMWMF
and BCBG, and is the proposed location for the proposed EMDF. Several possible onsite disposal locations
were evaluated in the Remedial Investigation/Feasibility Study (RI/FS) for various siting options in Bear
Creek Valley, and the proposed EMDF is in Central Bear Creek Valley at the Site 7c location. Bear Creek
is classified for fish and aquatic life, recreation, livestock watering and wildlife, and irrigation uses (TDEC
0400-04-03). Bear Creek is designated by TDEC as an impacted stream for mercury, cadmium,
polychlorinated biphenyls (PCBs), and nutrients (nitrate and nitrite) (TDEC 2020, Year 2020 303(d) List)
(TDEC 2020, Gettle, J.). The Record of Decision for the Phase | Activities in Bear Creek Valley at the
Oak Ridge Y-12 Plant, Oak Ridge, Tennessee (DOE/OR/01-1750&D4) establishes protectiveness and
cleanup levels for the Bear Creek watershed and specifies remedial actions for the S-3 Site, the Oil
Landfarm Area (Oil Landfarm Soil Containment Pad, Boneyard/Burnyard, and North Tributary-3), and the
Disposal Area Remedial Action Facility.



Fig. 1. Oak Ridge Reservation.



Fig. 2. Bear Creek watershed.



The Record of Decision for the Disposal of Oak Ridge Reservation Comprehensive Environmental
Response, Compensation, and Liability Act of 1980 Waste, Oak Ridge, Tennessee (DOE/OR/01-1791&D3)
presents the selected remedy for the disposal of waste generated from CERCLA cleanup activities
performed by DOE on the ORR and associated sites. This remedy is the design, construction, operation,
and closure of EMWMF located in the Bear Creek watershed on the ORR. Following approval of the
EMWMEF ROD, three Explanations of Significant Difference were prepared to:

o Add classified waste to the description of waste approved for disposal in EMWMF (DOE/OR/01-
1905&D2, Explanation of Significant Difference from the Remedy in the Record of Decision for the
Disposal of Oak Ridge Reservation Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 Waste, Oak Ridge, Tennessee)

e Construct a dedicated haul road for the transportation of waste from ETTP to EMWMF (DOE/OR/01-
2194&D2, Explanation of Significant Difference from the Remedy in the Record of Decision for the
Disposal of Oak Ridge Reservation Comprehensive Environmental Response, Compensation, and
Liability Act of 1980 Waste, Oak Ridge, Tennessee)

e Construct Cell 6 to expand EMWMF (DOE/OR/01-2426&D2, Explanation of Significant Difference
from the Remedy in the Record of Decision for the Disposal of Oak Ridge Reservation Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 Waste, Oak Ridge, Tennessee)

EMWMF began operations in 2002 and currently is receiving radioactive, hazardous, and mixed wastes
from CERCLA actions on ORR and associated sites. EMWMF consists of six disposal cells with a total
capacity of 2.3 million cubic yards (Fig. 3). The scope of the cleanup program has increased since the
original waste estimates, and another onsite disposal facility, the proposed EMDF, is proposed to provide
additional waste disposal capacity. The proposed EMDF is expected to consist of four cells with a total
capacity of 2.2 million cubic yards (DOE/OR/01-2535&D4) (Fig. 4).

Fig. 3. Environmental Management Waste Management Facility.



Fig. 4. Proposed Environmental Management Disposal Facility conceptual site layout.

1.4 SITEECOLOGY

Site ecology for the EMWMEF site is described in the Remedial Investigation/Feasibility Study for the
Disposal of Oak Ridge Reservation Comprehensive Environmental Response, Compensation, and Liability
Act of 1980 Waste and the Remedial Investigation/Feasibility Study for Comprehensive Environmental
Response, Compensation, and Liability Act Oak Ridge Reservation Waste Disposal, Oak Ridge
Reservation. The area surrounding EMWMEF has been strongly influenced by anthropogenic structures and
industrial activities. Most of the area is covered with grass and engineered structures, such as the EMWMF
disposal cells. As a result, this area provides little habitat for terrestrial vertebrates. The likelihood of the
existence of federal or state-listed species in this area is low. Site ecology for the EMDF site is described
in the EMDF RI/FS (DOE/OR/01-2535&DS5). This site is less disturbed and there are federal and or
state-listed species in this area that will require additional evaluation and/or protection.

Bear Creek and the north tributaries are the dominant aquatic features in the area. The reach of Bear Creek
near EMWMEF and EMDF has both gaining and losing stretches. The reach near EMWMEF has periods of
zero flow in the summer months. The reach of Bear Creek near the proposed EMDF maintains year-round
flow.



1.5 EVALUATION OF THE BEAR CREEK BURIAL GROUNDS FOR INCLUSION IN THE
FFS

BCBG was evaluated to determine if it will be feasible to include management of BCBG leachate in the
scope of this FFS. BCBG is a former waste disposal area for radiologically and chemically contaminated
waste generated primarily at Y-12. BCBG consists of several waste disposal units designated as BCBG
Unit-A, -B, -C, -D, -E, -J, and Walk-in Pits. Each waste disposal unit consists of a series of trenches used
for disposal of liquid and solid wastes. The primary wastes disposed in BCBG were uranium, potentially
reactive and explosive waste, organic compounds, polychlorinated biphenyls, acids, metals, and other
radionuclides.

Similar to EMWMF and the proposed EMDF, BCBG is also in the Bear Creek watershed and is close to
the location of both EMWMF and the proposed EMDF (Fig. 2). Some of the BCBG leachate is collected
and adequately processed for release at the Y-12 Groundwater Treatment Facility. However, other sources
not currently captured have a negative impact on Bear Creek water quality. Therefore, DOE, EPA, and
TDEC agreed to consider the inclusion of BCBG leachate management in this FFS.

An evaluation of historical information, documented feasibility studies, and remedial effectiveness reports
indicate that BCBG leachate is not appropriate for inclusion in this FFS. Key reasons for this conclusion
are:

o The flow rate of contaminated surface water nearest to BCBG seeps is far greater than what is expected
for the EMWMF and proposed EMDF landfill wastewater volumes.

e The contaminants are not consistent with those at EMWMF and the proposed EMDF.
e No CERCLA remedial decision has been made for the remediation of BCBG.
e The leachate contains Resource Conservation and Recovery Act (RCRA)-listed hazardous waste.

e The larger flow rate and the different contaminants will increase the cost for EMWMF and the proposed
EMDF landfill wastewater treatment alternatives. The lack of a BCBG CERCLA decision, high flow
rates, and the presence of RCRA-listed hazardous waste introduce too much uncertainty to be addressed
in this FFS.

Appendix A provides further details for evaluating the inclusion of BCBG leachate in the scope of this FFS.

1.6 EMWMF AND PROPOSED EMDF LANDFILL WASTEWATER MANAGEMENT
OPERATIONS

The scope of this FFS is the management of EMWMEF and proposed EMDF landfill wastewater. Landfill
wastewater is defined in 40 CFR 445.2 as “all wastewater associated with, or produced by, the landfilling
activities, including, but not limited to leachate, contaminated storm water, and contact wash water from
washing trucks, equipment, and surface areas which have come in direct contact with waste at the facility.”

UCOR-4135/R1, Environmental Management Waste Management Facility (EMWMF) Operation Plan,
Oak Ridge, Tennessee, describes, and Fig. 5 illustrates, how landfill wastewater from EMWMEF currently
is managed. The landfill wastewater types are:

e Contact water—Contact water is precipitation that falls into an active EMWMF cell, comes in direct
contact with waste, is pumped to the contact water tanks from the liner, and does not infiltrate into the
leachate collection system. Because contact water contacts the waste, it potentially is contaminated.



e Leachate—Leachate is precipitation that falls into an active cell, infiltrates through the waste, infiltrates
through the liner, is collected by the leachate collection system, and is pumped to the leachate storage
tanks. Because leachate contacts the waste, it potentially is contaminated. Leachate does not include
any liquid wastes, because these are specifically prohibited in accordance with the Attainment Plan for
Risk/Toxicity-Based Waste Acceptance Criteria at the Oak Ridge Reservation, Oak Ridge, Tennessee
(DOE/OR/01-1909&D3).

TDEC 0400-11-01 defines leachate as “a liquid that has passed through or emerged from solid waste and
contains soluble, suspended, or miscible materials removed from such waste.” RCRA (40 CFR 260.10)
defines leachate as “any liquid, including any suspended components in the liquid that has percolated
through or drained from hazardous waste.”

Fig. 5. Landfill wastewater management at EMWMF.

The volume of landfill wastewater is minimized by shedding and diversion of stormwater to the extent
possible through landfill design and operating characteristics. Stormwater is precipitation that does not fall
into an active cell, does not encounter waste, and does not become contaminated. Therefore, stormwater is
not included in this FFS. Stormwater is addressed in the Remedial Investigation/Feasibility Study for
Comprehensive Environmental Response, Compensation, and Liability Act Oak Ridge Reservation Waste
Disposal, Oak Ridge Reservation.

Currently, EMWMEF contact water is collected in catchments within a disposal cell and pumped to the
contact water ponds and contact water tanks. The contact water is sampled and analyzed to determine if the
discharge limits contained in the Addendum to Remedial Design Report for Disposal of Oak Ridge
Reservation Comprehensive Environmental Response, Compensation, and Liability Act of 1980 Waste,
Oak Ridge, Tennessee are met. If the discharge limits are met, then the contact water is pumped into the
Sediment Basin and discharged to North Tributary-5 of Bear Creek. If the discharge limits are not met, the
contact water is treated to meet the discharge limits (currently performed for hexavalent chromium) or
transferred by tanker truck to the onsite Process Water Treatment Complex (PWTC) at ORNL for treatment
and disposal.



EMWMEF leachate is collected by the leachate underdrain, pumped to the leachate storage tanks and
transferred by tanker truck to the onsite PWTC for treatment and disposal. The capacities of the EMWMF
contact water catchments, ponds, and tanks, and the leachate storage tanks are in Table 1.

Table 1. Contact water and leachate storage capacity at EMWMF

Location Normal Maximum Subtotal (gallons) Comments
Capacity (gallons)
Cell 6 catchment 2,400,000 2,400,000
CWP #1 482,300
CWP #2 492,300
CWP #3 404,600 1,804,200
CWP #4 425,000
CWT A 235,000
CWTB 235,000
CWT C 235,000 940,000
CWTD 235,000
Leachate Storage Tanks 240,000 240,000 8 tanks
Total Storage 5,384,200

CWP = contact water pond
CWT = contact water tank

As described in the Record of Decision for Comprehensive Environmental Response, Compensation, and
Liability Act, Oak Ridge Reservation Waste Disposal at the Environmental Management Disposal Facility,
Oak Ridge, Tennessee, DOE/OR/01-2794&D2 (in progress), the landfill wastewater generated at this site
will be treated prior to release. Additional landfill wastewater storage capacity will be provided at EMDF,
but the design for collection and storage will not be finalized until the final design.

1.7 EMWMF AND THE PROPOSED EMDF LANDFILL WASTEWATER QUALITY

DOE, EPA, and TDEC agreed to evaluate the management of landfill wastewater from EMWMF and the
proposed EMDF in a FFS and to integrate the evaluation into the CERCLA decision-making documents
for the proposed EMDF and, if appropriate, for EMWMF.

COCs for EMWMF were identified initially from the COCs listed for the ORR CERCLA remediation sites
that were to send waste to EMWMEF for disposal. Contaminants shown through calculations to be a risk
were included as COCs to reduce or eliminate their exposure to humans and release to the environment.
Waste acceptance criteria (WAC) for EMWMEF limit the COCs and/or their concentration that may be
placed in EMWMEF. Additionally, a list of contaminants known to or that can potentially migrate into the
environment was established for surface water and groundwater sampling on the ORR.

The COCs for EMWMEF landfill wastewater were developed from the EMWMF WAC list and the list of
contaminants for ORR surface water and groundwater monitoring. EMWMEF COCs are contained in the
Sampling and Analysis Plan/Quality Assurance Project Plan for Environmental Monitoring at the
Environmental Management Waste Management Facility (UCOR-4156) and in Appendix C of this FFS.
These COCs apply to both EMWMEF and the proposed EMDF for this FFS.

The concentrations of certain contaminants in landfill wastewater from EMWMF have changed over time,

particularly as the origin of the waste received changes. This is particularly noticeable for uranium isotopes
and strontium (Sr) as the origin of the waste has changed from Y-12 to ORNL to ETTP. Figure 6 reflects
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these changes over time and indicates the potential variability in contaminants as the origin of the waste
changes in the future.

Fig. 6. Concentrations of Sr-90 and uranium isotopes in EMWMF landfill wastewater
(Jan. 2005-Jan. 2022).

Because of the different contaminants at ETTP, ORNL, and Y-12, the variability in waste lots and
associated waste contaminants over time, the presence of unexpected contaminants, and the mobility of the
disposed contaminants, the contaminants in the EMWMEF landfill wastewater have varied over time. As
shown in Fig. 6 and Appendix C, at times in the past, specific contaminants have appeared for a short time,
but are not currently in the landfill wastewater. It is expected that this situation will continue in the future
so that both the contaminants and concentrations in the landfill wastewater will vary over time and for
varying periods of time (Fig. 7). However, for EMWMF, the majority of waste placed was from the ETTP
sources (now Heritage Center), and the ETTP contaminants dominate the contaminants present in EMWMF
and in the contact water and leachate.
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Fig. 7. Contaminants of concern requiring treatment vary over time.

However, to identify the key COCs for this FFS, all of the COCs were screened against their abundance in
EMWMF waste lots, their mobility, stability, and persistence in EMWMF and the surrounding
environment, and potential risk concern (Appendix C). Based on this screening, the key COCs were
determined upon which this FFS is based. Table 2 lists the key COCs and their minimum, average, and
maximum concentrations in leachate and contact water observed over the past two years at EMWMEF. Two
years of data were selected to ensure the current contaminants and concentrations are evaluated. EMWMF
and the proposed EMDF will periodically evaluate the full suite of contaminants that might be present in
the landfill wastewater (see Appendix L). Based on the results, COCs and/or treatment options will be
adjusted accordingly, as needed. Due to the uncertainty in the contaminants to be treated over time, the
ability of the alternatives in this FFS to adapt quickly and easily to changing treatment requirements will
be a key criterion of the evaluation.

The concentration of mercury in the proposed EMDF landfill wastewater does not use the concentration
from EMWMEF, but uses a concentration derived from the analysis described in Appendix E.

The concentrations in Table 2 are used in this FFS, and their application to each alternative is discussed in
Sect. 3.3. The concentrations of the key COCs in landfill wastewater will change over time due to the wide
range of contaminants in debris and soil at ETTP, ORNL, and Y-12. Therefore, the ability to adapt quickly
and easily to changes is an important consideration in the evaluation of alternatives.

Based on a combination of process knowledge, historical analytical data, approved EMWMF waste lots
and disposal records, and physical characteristics, EMWMEF landfill wastewater is shown thus far to be
neither listed- nor characteristic-hazardous waste under RCRA. Appendix F provides a detailed
determination. Proposed EMDF landfill wastewater is not expected to be RCRA-hazardous due to the
expected concentration of mercury that is limited by an FFA party agreement not to accept mercury
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hazardous waste (Record of Decision for Comprehensive Environmental Response, Compensation, and
Liability Act, Oak Ridge Reservation Waste Disposal at the Environmental Management Disposal Facility,
Oak Ridge, Tennessee, DOE/OR/01-2794&D2 [in progress]). EMWMEF is not operated to accept RCRA-
listed hazardous waste and the proposed EMDF will not accept RCRA-listed hazardous waste.

Table 2. Key contaminants of concern concentrations (EMWMF data FY2020 to FY2021)

Initial (used for

. FY20-FY21
evaluation)
: Contact Contact Contact Contact V-Weir V-weir
Conttaménant Contaminant | Units Water Water Water Water Avg. Maximum
yp Mean? Max. Mean? Maximum
Metal Arsenic* ng/L 5 5 3.35 7.27 1.62 2.9
Metal Cadmium** png/L 1 1 0.429 0.615 -- --
Total ng/L
Metal Chromium** 30.39 309 6.09 16.9 3.47 4.94
Chromium, ng/L
Metal VI* 30.88 250 R 43 16 _ _
Metal Copper** ng/L 5.24 12.8 2.84 13.4 1.47 2.72
Metal Lead** pg/L 3 3.63 1.4 9.09 1.4 3.93
Mercury ng/L
Metal . 0.03 0.13
(EMWMF) 0.022 0.094 0.01 0.0113
Mercury ng/L - - -- --
Metal (EMDF)® 1 N/A
Metal Nickel** ng/L 11.43 34.2 2.73 941 2.77 5
Metal Uranium ng/L 12.94 15 33.2 94.9 6.99 21
Other Cyanide ng/L 5 5 6.74 18.4 - -
Pesticide 4,4'-DDD ng/L 0.1 0.1 -- -- -- --
Pesticide 4,4'-DDE ng/L 0.1 0.1 -- -- - -
Pesticide 4,4'-DDT ng/L 0.1 0.1 0.037 0.066 -- --
Pesticide Aldrin ng/L 0.1 0.1 0.007 0.007 - --
Pesticide beta-BHC png/L 0.1 0.1 0.017 0.046 -- --
Pesticide Dieldrin png/L 0.54 1 0.036 0.036 -- --
Radiological Todine-129 pCi/L 1.5 2.8 0.706 0.956 1.2 1.03
Radiological Strontium-90 | pCi/L 6.85 16.1 2.23 9.17 1.2 35.5
. . Technetium- .
Radiological 99 pCi/L 627.07 3580 2047 28.500 423 8520
Radiological Tritium pCi/L 2104 31900 752 2300 505 680
. . Uranium- .
Radiological 233/234 pCi/L 66.52 385 24.0 124 79 341
. . Uranium- .
Radiological 23536 | POVL | 492 251 2.39 115 1.24 4.06
Radiological Uranium-238 | pCi/L 3.15 21.2 11.7 32.5 1.5 9.13

*The arithmetic mean uses half the detection limit as proxy values for non-detects for chemicals.
"Mercury from EMDF landfill wastewater was estimated. See Appendix E.

¢ Observed value was not discharged.

NA = not applicable
*Criteria for these metals are expressed as dissolved.
**Criteria for these metals are expressed as dissolved and are a function of total hardness.
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1.8 FLOW RATES

The quantity of landfill wastewater will vary over the EMWMEF and proposed EMDF life cycle, illustrated
in Fig. 8. The assumption used in the FFS evaluation was that initially, landfill wastewater will be generated
from EMWMEF operations, then from the combined operation of EMWMF and the proposed EMDF, then
from the proposed EMDF operation, and finally following closure. In order to address this uncertain and
varying flow rate, the period of time when EMWMF and the proposed EMDF operations overlap is used in
this FFS because this period represents the maximum estimated flow rates. Therefore, the design flow rate
for this FFS is based on relatively high anticipated flows during years 3 and 4 when EMWMF Cells 5 and
6 and the proposed EMDF Cell 1 are open. Because of the timing of the proposed EMDF, the actual flow
rates are expected to consist of either the EMWMF or EMDF water volumes, not a combined water volume.

Various rainfall events were modeled to predict the flow rate of landfill wastewater, and the predictions
were compared to historical data. Table 3 summarizes the flow rates from the model for the peak day,
average month, wettest month, and maximum month rainfall events. A detailed description of the flow rate
calculations is in Appendix B.

The assumption for the bounding condition is that both EMWMEF and the proposed EMDF are operational.
Therefore, for the purposes of this FFS, the average flow rate is 30 gal per minute (gpm) (average month
in Table 3), and the maximum flow rate is 60 gpm (maximum month in Table 3). The landfill wastewater
flow rate will vary over the life of the two facilities as rainfall varies, disposal cells are opened and closed,
and during post-closure. The flow rate during post-closure will only be leachate and may be less than one
gpm. Therefore, the uncertainty of flow rates and the ability to adapt to varying flow rates is considered in
the evaluation of alternatives. As noted, this is a conservative approach, as it is unlikely that EMWMF and
EMDF will be producing significant quantities of landfill wastewater at the same time.

Table 3. Landfill wastewater flow rates

. Peak day Average month | Wettest month Maximum
. Active cell area month
Active cell (gal per (gal per (gal per
(acres) ; : - (val per
minute) minute) minute) -
minute)
EMWMF Cell 5 6.0 572 10 12 20
EMWMF Cell 6 5.3 501 10 11 20
Proposed
EMDF Cell 1 6.2 756 10 12 20
TOTALS 17.5 1839 30 35 60
Note: This flow rate is used for evaluation purposes in the FFS.

19 LANDFILL WASTEWATER STORAGE

The selected location for EMDF is no longer adjacent to EMWMF and the EMWMF wastewater storage
volume will no longer be expanded for EMDEF. The EMDF wastewater storage volume will be obtained as
part of the landfill design process and will be determined and reported in a remedial design report. The
current EMWMEF storage capacity is assumed to be adequate to store EMWMF landfill wastewater prior to
the proposed EMDF operations. However, as the basis for the cost estimates used to compare alternatives,
the water storage capacity was calculated based upon a 100-year, 24-hour design storm that occurs when
three cells are open—two EMWMF cells (Cells 5 and 6) and the proposed EMDF Cell 1. The details for
the water storage capacity calculations are in Appendix H.
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1.10 ESTIMATED TIMELINE FOR EVALUATION AND IMPLEMENTATION

The timeline used for this FFS evaluation for the operation, closure, and post-closure periods for EMWMF
and the proposed EMDF is in Fig. 8. The assumption used was that in the first two years, only EMWMF is
in operation; in years 3 and 4, both EMWMF and the proposed EMDF are in operation; for the next 23
years, only the proposed EMDF is in operation and EMWMF is closed; finally, both facilities are closed.
Note: EMWMEF and EMDF are no longer expected to be operating at the same time. As a result, this
evaluation overestimates the volume of wastewater requiring management. EMWMF and the proposed
EMDF each have a 30-year period of long-term stewardship per the Guidance for Conducting Remedial
Investigations and Feasibility Studies under CERCLA (EPA/540/G-89/004) for the purpose of this FFS.
The Remedial Investigation/Feasibility Study for Comprehensive Environmental Response, Compensation,
and Liability Act Oak Ridge Reservation Waste Disposal, Oak Ridge Reservation assumes that landfill
wastewater only will be generated from the proposed EMDF for 10 years following closure, at which time
the landfill will be dewatered. However, the 30-year period of long-term stewardship is still used for the
purposes of this FFS.

YEARS
1-2 3-4 5-6 | 7-8 | 9-10 11-12 13-14 15-16 17-18 19-20 21-22 23-24 24-25 26+
EMWMF Operations
EMWMF Closure EMWMF Long-term Stewardship
EMDF Operations
EMDF Closure
EMDF Long-term Stewardship —%

Fig. 8. Timeline used for evaluation.

EMWMEF is currently operating and is nearing capacity, while the proposed EMDF is in the CERCLA
planning process.

When the D2 FFS was issued in 2016, the proposed EMDF was in the RI/FS phase of the CERCLA process.
A recommended approach for the proposed EMDF landfill wastewater management was intended to be
provided in the Proposed Plan, based upon the evaluation in this FFS. However, the FFS was in dispute for
nearly 5 years over radiological discharge limits. The EMDF CERCLA process continued during that time.
The Proposed Plan was approved by the three FFA parties in 2018. The ROD will document acceptance of
the wastewater management alternative developed based on this FFS. Implementation of the landfill
wastewater management approach will continue as part of the normal CERCLA process from design to
initiation of operations.

EMWMEF has an approved CERCLA ROD (DOE/OR/01-1791&D3) and has been in operation since 2002.
Therefore, the CERCLA process for implementation of this FFS for EMWMEF will be as follows:

e Prepare an Explanation of Significant Differences for the EMWMEF ROD (DOE/OR/01-1791&D3)
based upon the evaluation described in this FFS.

e Revise the Remedial Action Work Plan for the Disposal of Oak Ridge Reservation Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 Waste (DOE/OR/01-1874&D4/R1),
the Operations Plan (UCOR-4135/R1), and the Sampling and Analysis Plan/Quality Assurance Project
Plan (UCOR-4156) to incorporate the changes.

e Implement the recommended alternative.
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1.11 PROBLEM SUMMARY

As discussed previously, landfill wastewater will be generated as a result of land disposal of CERCLA
waste in EMWMF and the proposed EMDF that may contain concentrations of key COCs that exceed
discharge limits. The problem encompasses the determination of a safe and environmentally sound
approach for management of this landfill wastewater. The approach must be protective of human health
and the environment, implementable, adaptable, cost effective, and meet discharge limits.

The options and alternatives identified and evaluated must have a common basis for development and
comparison purposes. The following parameters define the basis for the identification, development, and
evaluation of the alternatives.

e The average flow rate is 30 gpm, and the maximum flow rate is 60 gpm.

e The design storm is 100 years, 24 hours.

e Alternatives will address all key COCs, but treatment unit operations will be implemented when
appropriate. Proposed EMDF landfill wastewater is not expected to be listed or characteristic RCRA
hazardous waste.

e The key COCs and their current concentrations are in Table 2. The COCs and their concentrations are
expected to change over time, so alternatives must be adaptable to change.
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2. REMEDIALACTION OBJECTIVES

2.1 ANTICIPATED FUTURE LAND USE

EMWMEF and the proposed EMDF are located in the Bear Creek watershed, entirely within the ORR, where
public access is restricted. Because Y-12 is an active production and special nuclear materials management
facility, additional security and access limitations apply.

Reasonably anticipated future uses of land are an important consideration in determining remediation levels
and extent of remediation. Consistent with EPA guidance in Land Use in the CERCLA Remedy Selection
Process (EPA 9355.7-04), DOE solicited input on potential future land use from EPA and TDEC, local
land-use planning authorities, and the public during the ORR watershed-level remedial investigation and
feasibility study development. The ORR Site-Specific Advisory Board (Oak Ridge Reservation End Use
Working Group 1998) recommended three zones of end uses—unrestricted, recreational, and
DOE-controlled industrial—for the Bear Creek watershed. The selected remedy in the Record of Decision
for the Phase | Activities in Bear Creek Valley at the Oak Ridge Y-12 Plan, Oak Ridge, Tennessee is
consistent with these anticipated future end uses and human exposure restrictions. Figure 9 provides the
three end use zones, EMWMF, and the proposed EMDF site.

The land use designation for Zone 2 containing the EMDF site will change to DOE-controlled industrial as
part of the EMDF ROD.
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Fig. 9. Bear Creek Valley end uses and locations of the EMWMF and proposed EMDF.



2.2 REMEDIAL ACTION OBJECTIVES

Remedial action objectives are site-specific goals developed from the purpose and scope of remedial
actions. CERCLA guidance defines remedial action objectives as “medium-specific or operable
unit-specific goals for protecting human health and the environment” (EPA/540/G-89/004). According to
the National Oil and Hazardous Substances Pollution Contingency Plan (40 CFR 300.430[e][2][i]),
remedial action objectives should specify the media and contaminants of concern, potential exposure
pathways, and remediation goals. Because EMWMEF and the proposed EMDF remedial actions provide for
the disposition of various waste types derived from a wide range of sources and activities, establishing
specific cleanup goals is not appropriate. Instead, these goals will be developed at the project-specific level
during future CERCLA remedial decisions.

Since the scope of this FFS is limited to evaluating alternatives for the management of landfill wastewater,
the remedial action objective is to:

o Meet discharge limits for the key COCs to protect surface water for designated uses. This remedial
action objective is consistent with the overall remedial action objectives for EMWMF and the proposed
EMDF.

2.3 APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS

CERCLA Section 121 and 40 CFR 300.430(f)(1)(ii)(B) specify that remedial actions for cleanup of
hazardous substances must attain or have waived ARARs under federal or more stringent state
environmental laws. Applicable requirements are “those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under federal
environmental or state environmental or facility siting law that specifically address a hazardous substance,
pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site” (40 CFR 300.5).
Relevant and appropriate requirements are “those cleanup standards, standards of control, and other
substantive environmental protection requirements, criteria, or limitations promulgated under federal
environmental or state environmental or facility siting law that, while not applicable to a hazardous
substance, pollutant, contaminant, remedial action, location, or other circumstance at a CERCLA site,
address problems or situations sufficiently similar to those encountered at the CERCLA site that their use
is well suited to the particular site” (40 CFR 300.5). Pursuant to EPA guidance, where EPA has delegated
to the State of Tennessee the authority to implement a federal program, the Tennessee regulations replace
the equivalent federal requirements as the potential ARARs.

CERCLA onsite remedial response actions must comply only with the substantive requirements of a
regulation and not the administrative requirements to obtain federal, state, or local permits [CERCLA
Section 121(e)]. To ensure that CERCLA response actions proceed as rapidly as possible, EPA has
reaffirmed this position in the final National Oil and Hazardous Substances Pollution Contingency Plan
(NCP) [55 FR 8756, March 8, 1990]. Substantive requirements pertain directly to the actions or conditions
at a site, while administrative requirements facilitate their implementation (e.g., approval of or consultation
with administrative bodies, documentation, permit issuance, reporting, record keeping, and enforcement).

The NCP at 40 CFR 300.400(e)(1) defines “onsite” as meaning “the areal extent of contamination and all
suitable areas in very close proximity to the contamination necessary for the implementation of the response
action.” CERCLA Sect. 104(d)(4) (as discussed further in the preamble to the final NCP, 55 FR 8690) states
where two or more noncontiguous facilities are reasonably related on the basis of geography, or on the basis
of the threat or potential threat to the public health or welfare or the environment, these related facilities
may be treated as one for the purpose of conducting response actions. Section 104(d)(4) allows the lead
agency to manage waste transferred between such noncontiguous facilities without having to obtain a
permit (i.e., manage as “onsite” waste). This approach was proposed and agreed to by all signatories to the
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Federal Facility Agreement for the Oak Ridge Reservation for EMWMEF, was acknowledged and
documented in the Record of Decision for the Disposal of Oak Ridge Reservation Comprehensive
Environmental Response, Compensation, and Liability Act of 1980 Waste, and was reaffirmed in the Record
of Decision for Soil, Buried Waste, and Subsurface Structures Actions in Zone 2, East Tennessee
Technology Park, Oak Ridge, Tennessee. This agreement serves as the basis for designating waste
treatment, storage, and disposal facilities on the ORR as “onsite” facilities not subject to the CERCLA
Offsite Rule (40 CFR 300.440) when accepting wastes from CERCLA onsite response actions.

ARARSs include those federal and state regulations that are designed to protect the environment. ARARs
do not include occupational safety regulations. EPA requires compliance with occupational and worker
protection standards in Section 300.150 of the NCP, independent of the ARARSs process. Therefore, neither
the regulations promulgated by the U.S. Occupational Safety and Health Agency, nor DOE Orders related
to occupational safety are addressed or included as ARARs.

There are three categories of ARARs:

e Location-specific—Location-specific ARARs establish restrictions on permissible concentrations of
hazardous substances or establish requirements for how activities will be conducted because they are
in special locations, e.g., wetlands, floodplains, critical habitats, historic districts, or streams.

e Chemical-specific—Chemical-specific ARARs provide health- or risk-based concentration limits or
discharge limitations in various environmental media, i.e., surface water, groundwater, soil, or air, for
specific hazardous substances, pollutants, or contaminants.

e Action-specific—Action-specific ARARs include operation, performance, and design requirements or
limitations based on waste types, media, and removal activities.

In addition to ARARs, 40 CFR 300.400(g)(3) states that federal or state nonpromulgated advisories or
guidance may be identified as “to be considered” (TBC) guidance for contaminants, conditions, and/or
actions at the site. TBC guidance includes non-promulgated criteria, advisories, guidance, and proposed
standards. TBC guidance are not ARARs because they are neither promulgated nor enforceable. TBC
guidance may be used to interpret ARARs and to determine remediation goals when ARARs do not exist
for particular contaminants or are not sufficiently protective to develop cleanup goals.

The ARARs for this FFS are consistent with those provided with the EPA Dispute Resolution Decision
(Appendix D). Those required for EMWMEF may be added to the Record of Decision for the Disposal of
Oak Ridge Reservation Comprehensive Environmental Response, Compensation, and Liability Act of 1980
Waste, Oak Ridge, Tennessee. Those ARARSs required for the proposed EMDF are included in the EMDF
Record of Decision (DOE/OR/01-2794&D2 [in progress]).

CERCLA Section 121(d) provides that, under certain circumstances, an ARAR may be waived. The six
statutory waivers are:

Interim measures

Equivalent standard of performance
Greater risk to health and the environment
Technical impracticability

Inconsistent application of state standard
Fund-balancing
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3. DEVELOPMENT AND DESCRIPTION OF ALTERNATIVES

3.1 PURPOSE

This chapter summarizes the screening of remediation technologies and process options and the
development of remedial alternatives for the management of landfill wastewater from EMWMF and the
proposed EMDF. In accordance with CERCLA [40 CFR 300.430(1)], the goal of this FFS is to develop
and evaluate remedial alternatives that eliminate, reduce, or control risks to human health and the
environment. The NCP provides recommendations for developing remedial action alternatives, including:

e Use of treatment to address the principal threats posted by a site, wherever practicable.

o Use of engineering controls (e.g., containment) for waste that poses a relatively low, long-term threat
for which treatment is impracticable.

e Implementation of a combination of actions, as appropriate, to achieve protection of human health and
the environment. For example, in appropriate site situations, treatment of principal threats is combined
with engineering and institutional controls for treatment of residuals and untreated waste.

e Use of institutional controls to supplement engineering controls for short- and long-term management
to prevent or limit exposures to hazardous substances.

e Selection of an innovative technology when the technology offers the potential for comparable or better
treatment performance or implementability than other technologies, fewer adverse impacts than other
technologies, or lower costs than demonstrated technologies for similar levels of performance.

e Restoration of environmental media (e.g., groundwater) to their beneficial uses wherever practicable
and within a reasonable time frame given the particular circumstances of the site. When restoration of
groundwater to beneficial uses is not practicable, EPA expects remedial action to prevent further
migration of the contaminant plume, prevent exposure to contaminated groundwater, and evaluate
further risk reduction.

Because this FFS focuses on the management of landfill wastewater generated from EMWMEF and the
proposed EMDF, the range of alternatives is focused on water management actions. Therefore, the range
of technology types and process options applicable to this study is limited to those pertinent to the
management of landfill wastewater from EMWMF and the proposed EMDF. The primary problem
addressed in this study is ensuring that the landfill wastewater discharge meets the PRGs for fish tissue and
surface water.

3.2 IDENTIFICATION AND SCREENING OF TECHNOLOGY TYPES AND PROCESS
OPTIONS

Remedial action objectives are met through implementation of general response actions, alone or in
combination. General response actions are categories of actions intended to protect human and ecological
receptors from exposure to contamination in sources or environmental media, e.g., groundwater and surface
water. Technology types are identified for each general response action that are appropriate for the media,
contaminants, and location being considered. Next, process options are identified and evaluated to select
representative process options for each technology type. Process options are broad categories of
technologies that, alone or in combination, are used to satisfy the remedial action objectives. These
representative process options are retained for alternative development.
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As specified in EPA guidance (EPA/540/G-89/004), two screening steps typically are taken to reduce the
number of technology types and process options associated with each general response action. Initially,
each process option is screened for technical applicability against the following criteria:

e Applicability to the type and combination of contaminants
e Applicability to the site physical conditions

Process options that are not technically applicable to the site or to the contaminants are eliminated from
further consideration. In the second screening step, the retained process options are evaluated more closely
against the following criteria to select one or more options to represent each technology type.

o Effectiveness—Effectiveness considers the potential effectiveness of process options in handling the
estimated areas or volumes of media and meeting the remediation goals identified in the remedial action
objectives; the potential impacts to human health and the environment during the construction and
implementation phases; and how proven and reliable the process is with respect to the contaminants
and conditions at the site.

e Implementability—Implementability encompasses both the technical and administrative feasibility of
implementing a technology process. Technical implementability is an initial screen to eliminate those
that are clearly ineffective or unworkable at the site. Administrative implementability considers the
ability to obtain necessary permits for offsite actions; the decision-making process; the availability of
treatment, storage, and disposal services (including capacity); and the availability of necessary
equipment and skilled workers to implement the technology.

o Cost—Cost plays a limited role in the screening of process options. Relative capital, operations, and
maintenance (O&M) costs are used rather than detailed estimates. At this stage in the process, the cost
analysis is based on engineering judgment, and each process option is evaluated as to whether costs are
high, low, or medium relative to other process options.

Because this is an FFS evaluating how to manage landfill wastewater, the two screening steps were
combined, and the range of general response actions, technology types, and process options was limited to
those pertinent to the management of landfill wastewater. The general response actions identified for
management of EMWMF and the proposed EMDF landfill wastewater are:

No action
Monitoring
Water treatment
Zero discharge

The no action general response action involves the free release of untreated landfill wastewater to the
environment, while other general response actions involve providing health and environmental protection
from the potential impacts of contaminated landfill wastewater. Each of the general response actions was
evaluated with respect to the evaluation criteria and a determination was made to either retain for further
evaluation or reject from further consideration. The results of the evaluation are in Table 4.

Zero discharge was not retained because of the relatively high volume of landfill wastewater generated at
EMWMF and the proposed EMDF that makes evaporation impractical. The greater volume is a result of
maintaining the large working faces necessary to minimize the amount of clean fill used and provide
sufficient space for the concurrent disposal of differing waste streams. Reuse of the generated landfill
wastewater for dust control is confined to the working cells only. Use outside of the cells results in the
potential to spread contamination. Therefore, reuse requires maintaining two separate systems for dust
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control and adds additional cost. Appendix G contains additional discussion of the zero-discharge general
response action.

In the development and evaluation of the alternatives, an adaptive management approach is used to make a
decision based on existing information, monitoring and evaluating data during operation, and modifying
the landfill wastewater management system as appropriate over time (Everett and Ebert, Production and
Operations Management: Concepts, Models, and Behavior; Holling, C. S., Adaptive Environmental
Assessment and Management; National Research Council 2003, Environmental Cleanup at Navy Facilities:
Adaptive Site Management; and National Research Council 2004, Adaptive Management for Water
Resources Project Planning). This approach is a decision process that promotes flexible decision making
that can be adjusted in the face of uncertainties as outcomes from management actions and other events
become better understood. Adaptive management acknowledges uncertainty and makes use of management
interventions and follow-up monitoring to promote understanding and improve decision making through
an iterative process. In this case, uncertainties associated with future COCs is addressed by allowing for
flexibility in construction and operations. Additional processing capability or modified operations will be
implemented to address COCs that are not anticipated during initial design.
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Table 4. Evaluation of process options

General

response Technology Process option Description Tec_hmc_;a_l Effectiveness | Implementability Cost Retained
. type applicability
action
No Retained as
No action None None No ad@tmnal NOt Not effective | Easy to implement | incremental requlreq by the
action applicable National
cost .
Contingency Plan
Not retained;
o . Managed Dlgcharge if Not Not effective; . discharge limits
Monitoring Monitoring . discharge . Easy to implement Low not met at all
discharge .. applicable not adaptable .
limits met times; not
adaptable
Not retained;
Partly Not certain if conversion of
applicable; discharge Will convert mercury to methyl
Construct - .
Water . Constructed will convert limits met; mercury to methyl mercury;
Treat in situ wetlands to . Low S
treatment wetlands treat water mercury to perhaps useful | mercury; will have uncertainty in
methyl for polishing; to be constructed meeting discharge
mercury not adaptable limits; not

adaptable
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Table 4. Evaluation of process options (cont.)

General

response Technology Proc_:ess Description Tec_hm(_:a}l Effectiveness | Implementability Cost Retained
. type option applicability
action
Effective: Not r§ta1ned; cannot
roven be implemented
Landfill Construct trréa tment Easy to implement; immediately;
Treat at wastewater new landfill technology: standard treatment redundant with
EMWMEF/EMDF wastewater Applicable gy processes; cannot be | Medium following process
. treatment meets . .S
site treatment . implemented option; meets
system discharge . . . o
system limits- immediately discharge limits;
ada tab,le proven treatment
p technology; adaptable
Discharge if Effective; ReFalned; Managed
. . discharge can be
Managed discharge proven Manage discharge .
. . o ) . ] implemented
Monitoring/Treat discharge / limits met; treatment easy to implement; . . i
immediately; meets
at landfill construct Applicable technology; Standard treatment Medium | discharee limits: New
EMWMEF/EMDF wastewater new landfill bp meets processes requires & >
. . . landfill wastewater
sites treatment wastewater discharge design and .
LS L treatment using
system treatment limits; construction time.
Water svstem adaptable proven treatment
treatment Y ) P technology; adaptable
WAC does not
allow mercury, so
WAC will have to
Partly b; revised; harder to
. ) implement due to
applicable; trucking or pipeline;
Transportto | WAC do not L .
may need expansion Retained; mercury
ORNL accept S .
Treat elsewhere PWTC for mercury; of storage facilities WAC required,;
ORNL PWTC . 72 Effective and future Medium | upgrade being planned
on ORR treatment by radiological . . .
modification of to extend operating
truck or treatment .
iveline system does treatment processes life
pIp ot have for additional
capacit COCs; radiological
pacity treatment processes
limited; past useful
life of PWTC;

adaptable
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Table 4. Evaluation of process options (cont.)

General Technolo Process Technical
response 9y ; Description o Effectiveness | Implementability Cost Retained
. type option applicability
action
Meets WAC; harder .
. Not retained;
Transport to to implement due to truckine/pineline
Y-12 WETF trucking or pipeline .
Y-12 WETF | for treatment Applicable Effective and work in Y-12; Medium .. .
L significant expansion;
by truck or significant treatment . .
. . construction required
pipeline plant expansion .
. inY-12
required; adaptable
Transport to Effective for E; Ztﬁéﬁpsl}z?:;t;
Outfall 200 Outfall 200 Pa}rtly ) mercury, will proposed but not L
treatment applicable; require Y . Retained; addresses
treatment . . built; discharges Medium
system by addresses only | modification . mercury; adaptable
system into another
truck or mercury for other key )
ioeline COCs watershed; ROD
PP revision; adaptable
Use an
existing
offsite
Existing treatment . . - . Not Not retained; no
facility facility and Applicable Noteeffective | No facility available applicable facility available
transport by
truck or
Treat offsite pipeline
Construct a
new offsite Difficult due to new .
treatment construction and Not retained;
New facility facility and Applicable Effective . High construction of offsite
transporting to new e 1
transport by o facility; high cost
facility
truck or
pipeline
Use of contaminated Not retglned; use of
contaminated water
Reuse water unacceptable; unaccentable:
Zero discharge | Reuse of water | Reuse of water landfill Applicable Not effective treatment prior to High ptabic,
. treatment prior to
wastewater reuse is not cost

effective

reuse is not cost
effective
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Table 4. Evaluation of process options (cont.)

General Technolo Process Technical
response 9y ; Description b Effectiveness | Implementability Cost Retained
. type option applicability
action
Not effective
Evaporate due to Not retained;
Evaporation Evaporation landfill Applicable inadequate Easy to implement Low inadequate
wastewater evaporation evaporation rate
rate

ROD = record of decision
WETF = West End Treatment Facility




The general response actions, technology types, and representative process options retained for alternative
development are in Table 5.

Table 5. Retained representative process options

General response action | Technology type | Representative process option (s)
No action None No action

Monitoring/Treat at Managed discharge/landfill
EMWMF/EMDF site wastewater treatment system

Water treatment ORNL PWTC

Treat elsewhere on
ORR Outfall 200

The specific treatment unit operations assumed in this FFS might change during design, but they will be
substantively equivalent for the treatment of the key COCs.

3.3 DESCRIPTION OF ALTERNATIVES
3.3.1 Introduction

This section presents the description of the alternatives to manage the landfill wastewater from EMWMF
and the proposed EMDF. The general response actions and representative process options selected in the
preceding section were used to develop a range of alternatives. The purpose of a range of alternatives is to
present the decision makers with technical and economic options for implementation. While the
representative process options provide a basis for developing alternatives, the specific process options used
to implement the action can change and may not be selected until the design phase. The following four
alternatives were assembled from the retained representative process options:

e Alternative 1: No Action. In Alternative 1, EMDF is not built. Current operations continue at EMWMEF.
Landfill wastewater is discharged to Bear Creek or trucked to PWTC at ORNL.

e Alternative 2: Managed Discharge/Treat. In Alternative 2, landfill wastewater initially is discharged to
Bear Creek in accordance with current discharge limits. Following EMDF construction, wastewater is
treated at the Landfill Wastewater Treatment System (LWTS) located at the proposed EMDF site prior
to discharge to Bear Creek in accordance with revised discharge limits.

e Alternative 3: Treat at PWTC. In Alternative 3, landfill wastewater is transported by truck or pipeline
to the onsite PWTC at ORNL.

e Alternative 4: Treat at Outfall 200 Mercury Treatment Facility (OF200 MTF). In Alternative 4, the
landfill wastewater is transported by truck or pipeline to the planned, onsite OF200 MTF at Y-12.

Following are descriptions of the alternatives in sufficient detail to support their analysis in Chap. 4.

Specific treatment unit operations, other than those described here, may be substituted once the alternative
is selected and subsequent detailed design is underway.
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3.3.2 Alternative 1: No Action

Summary: In Alternative 1, EMDF is not built. At EMWMEF, current operations continue. Landfill
wastewater is discharged to Bear Creek if it meets the current discharge limits. Landfill wastewater that
does not meet the current discharge limits is trucked to PWTC at ORNL. As required by the NCP, the No
Action alternative provides a comparative baseline against which other alternatives are evaluated. The No
Action alternative does not initiate any new remedial action, normally assumes that present security
measures and land use controls to limit access and use are not maintained and eliminates short- and long-
term monitoring. The landfill wastewater will not be expected to meet discharge limits at all times. No
implementation is required and there are no additional costs associated with this alternative.

Time frame for implementation: This alternative can be implemented immediately.
3.3.3 Alternative 2: Managed Discharge/Treat

Summary: In Alternative 2, EMWMF landfill wastewater initially is discharged to Bear Creek in
accordance with current discharge limits (Table 6) and subsequently is treated at the LWTS located at the
proposed EMDF site prior to discharge to Bear Creek in accordance with revised discharge limits
(Table 6). Because the proposed EMDF is not constructed adjacent to EMWMEF, the landfill wastewater
from EMWMEF will be transported by either a pipeline or truck to the proposed EMDF site, assumed to be
located at Site 7c in Central Bear Creek (Fig. 9). The LWTS is built in accordance with a compliance
schedule negotiated per the Federal Facility Agreement for the Oak Ridge Reservation, but for estimating
purposes, the assumption is LWTS is built when EMDF is built. Prior to construction and operation of
LWTS, landfill wastewater that exceeds current discharge limits is treated, or will be transported by truck
to the onsite PWTC.

Figure 10 illustrates the process flow diagram for this alternative.

Fig. 10. Alternative 2: process flow diagram.

Details: Landfill wastewater is collected in existing and new ponds and tanks. From these storage facilities,
the landfill wastewater passes through a flow proportional sampler that collects representative samples and
measures flow rates. The design flow is 60 gpm. If storm flow above the design storm rate occurs that
exceeds the storage capacity, the stormwater is released through a bypass pipeline without active
management, per Rule 0400-40-05-.07(2)(1), to prevent damage to LWTS and to protect the workers. The
existing EMWMEF layout is in Fig. 3, and proposed EMDF site layout with landfill wastewater management
features is in Fig. 11.
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Fig. 11. Alternative 2: site plan.



The proposed EMDF was previously assumed to be located adjacent to EMWMEF. The proposed EMDF is
now planned to be at Site 7c, and the landfill wastewater from EMWMF will be transported by either a
pipeline or truck to the proposed EMDF site, assumed to be in Central Bear Creek (Fig. 9).

Ultimately, the discharge limits (Table 6 used for this evaluation, and Appendix K) for landfill wastewater
must be protective of human health and the environment and meet ARARs and are developed as follows:

e Non-radiological key COCs—Discharge limits are based on the lowest ambient water quality criteria
(AWQC) (TDEC 0400-40-03-.03) and the anti-degradation requirements (TDEC 0400-40-03-.06).

e Radionuclides and uranium metal—AWQC are not available for radionuclides and uranium metal, so
risk-based PRGs for fish tissue and surface water are calculated using the EPA Radionuclide
Preliminary Remediation Goal calculator under a recreational scenario for a recreational fisher for the
purpose of this evaluation and in accordance with the EPA Administrator’s Decision letter (Wheeler,
A. R). Radiological discharge limits for both EMWMF and EMDF will be finalized and included in the
respective RODs or post-ROD decision documents.

Details on development of these screening level radiological discharge limits are in Appendix K.

Landfill wastewater initially is discharged to Bear Creek in accordance with current discharge limits
(Table 6) and points of compliance. Subsequently, landfill wastewater is treated at LWTS, located at the
proposed EMDF site, prior to discharge to Bear Creek in accordance with revised discharge limits
(Table 6 used for this evaluation, and Appendix K). The point of compliance will be the discharge pipe
from LWTS. LWTS is built in accordance with a compliance schedule negotiated per the Federal Facility
Agreement for the Oak Ridge Reservation.

Prior to construction and operation of LWTS during Managed Discharge, landfill wastewater that exceeds
current discharge limits will be treated, such as is done currently for chromium, or will be transported by
truck to the onsite PWTC. Construction of LWTS at the proposed EMDF site provides the treatment
capability to remove key COCs that exceed the revised discharge limits (Table 6). LWTS occupies an area
of approximately 3100 square feet, located east of EMDF (Fig. 11). LWTS consists of manufactured units
housed in a structure to provide weather protection. Preliminary process equipment is selected based on
key COC characteristics (Tables 2 and 6) and best available technology to meet the revised PRGs for fish
tissue and surface water. The assumed LWTS process flow diagram is in Fig. 12. A treatability study is
included in this alternative to ensure the appropriate process equipment is identified and installed.
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Fig. 12. Alternative 2. Landfill wastewater treatment system process flow diagram.

Managed Discharge is operated on a batch basis. LWTS can be operated on either a batch or continuous
basis. Samples will be collected from a continuous, flow proportional sampler prior to release.

Secondary waste may include spent cartridge filters, spent granular carbon, clarifier settled solids
(blowdown), carbon column backwash, and liquid from spent carbon dewatering. The spent filters and
carbon are dewatered, packaged, and placed in EMWMF or proposed EMDF. The blowdown, backwash
return, and dewatering liquid is transferred to the existing contact water ponds where suspended solids will
settle until dredging of the basin is necessary to maintain design capacity. The solids from dredging are
dewatered, packaged, and placed in EMWMEF or the proposed EMDF.

Table 6. Alternative 2 screening level data and discharge limits/PRGs used for evaluating alternatives

Discharge .
Contaminant Limits - Discharge
Tvoe Contaminant | Units | Average* | Maximum Managed Limits/Discharge
yp anaged | prGs- LWTSP
Discharge
Metal Arsenic* ug/L 5 5 340 10
Metal Cadmium** | ug/L 1 1 2.2 0.27
Total
Metal Chromium®* ug/L 30.39 309 625 3]
Chromium,
Metal VI* ug/L 30.88 250 16 1
Metal Copper** ug/L 5.24 12.8 15 9.9
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Table 6. Alternative 2 screening level data and discharge limits/PRGs used for evaluating alternatives

(cont.)
Contaminant . . . Dllsi?r?i?sr * _ Discharge

Contaminant | Units | Average? | Maximum Limits/Discharge

Type Managed | “ppGs— LwTs®

Discharge®
Metal Lead** ug/L 3 3.63 73 2.8
Mercury
(EMWMF
Metal lower ug/L 0.03 0.13 1.4 0.051
detection
limit)*"

Metal (l\éﬁglgd ug/L 1 NA NA 0.051
Metal Nickel** ug/L 11.43 34.2 515 57
Metal Uranium ug/L 12.94 15 NA 24
Other Cyanide ug/L 5 5 22 5.2
Pesticide 4,4'-DDD ug/L 0.1 0.1 NA 0.1
Pesticide 4,4'-DDE ug/L 0.1 0.1 NA 0.1
Pesticide 4,4-DDT ug/L 0.1 0.1 1.1 0.1
Pesticide Aldrin ug/L 0.1 0.1 3 0.5
Pesticide beta-BHC ug/L 0.1 0.1 NA 0.17
Pesticide Dieldrin ug/L 0.54 1 0.24 0.05
Surface Water

PRG

Radiological lodine-129 | pCi/L 1.5 2.8 83 10.2
Radiological Strontium-90 | pCi/L 6.85 16.1 275 47.9
Radiological T“hgg““m' pCilL | 627.07 3580 5238 1,000
Radiological Tritium pCi/L 2104 31900 215000 465,000
Radiological 323;12“312 pCi/L 66.52 385 170 317
Radiological ggasn/lz“;’g pCi/L 4.92 25.1 180 455
Radiological | Uranium-238 | pCi/L 3.15 21.2 188 210

*Non-detects are replaced by the reporting limit.
“The detection limit was lowered for appropriate comparison to the ambient water quality criteria.
bSee Appendix K for the development of these discharge limits.
dMercury from EMDF landfill wastewater was estimated. See Appendix E.

NA = not applicable
*Criteria for these metals are expressed as dissolved.
**Criteria for these metals are expressed as dissolved and are a function of total hardness.

The landfill wastewater is also analyzed for the indicator parameters, e.g., nutrients, dissolved solids, total
suspended solids, and total organic carbon. Total organic carbon is used as an indicator of organic
compounds. An increasing trend triggers additional evaluation of the potential for increased organic
compounds in the landfill wastewater. The indicator parameters are not EMWMEF or proposed EMDF key
COC:s but are used to ensure the landfill wastewater can be discharged without additional impairment of
Bear Creek.
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Support Activities: No additional support facilities are required to implement Managed Discharge.
Managed Discharge of EMWMEF landfill wastewater is performed with the existing EMWMF landfill
wastewater management staff. No additional resources are needed.

LWTS is constructed near EMDF. Site preparation for LWTS requires minor excavation for the weather
structure. The footprint includes 750 square feet of free space to add additional process equipment, if
needed, per the adaptive management approach. Utility requirements include electrical power for pumping
systems, an air compressor, mechanical equipment, lighting, and instrumentation, and potable water for fire
protection and cleaning.

Support activities include constructing the weather structure and providing connection between the alarm
systems and emergency transponders for high-level alarms and similar alerts. Operating LWTS requires
trained chemical operators and an operations supervisor to oversee the processing activities. The
EMWMF/proposed EMDF operating contractor provides support functions (operations management,
engineering, health and safety, environmental management, human resources, payroll, accounting, etc.)
Sanitary services and change facilities are available in the existing EMWMEF office complex, although
additional sanitary services and change facilities will be provided at the EMDF site.

Monitoring and Land Use Controls: EMWMEF and the proposed EMDF are expected to remain within
the control of DOE indefinitely with existing access restrictions and land use controls.

For Managed Discharge, landfill wastewater is sampled, and the results compared to the current discharge
limits (Table 6) prior to batch discharge. LWTS effluent is sampled at the flow proportional sampler at the
LWTS discharge pipe and compared to the revised discharge limits (Table 6). The details of current
EMWMF monitoring are described in the Sampling and Analysis Plan/Quality Assurance Project Plan for
Environmental Monitoring at the Environmental Management Waste Management Facility. This document
requires revision for this alternative. Appendix L provides details on sampling landfill wastewater to
determine compliance with discharge limits. One sample per week is collected for the indicator parameters
using the flow proportional sampler.

Monitoring will continue following closure of EMWMEF and the proposed EMDF. Landfill wastewater
volume will be reduced following closure and construction of the final covers. LWTS will be operated on
a batch basis when sufficient landfill wastewater has accumulated to justify operating LWTS. The sampling
frequency will be reduced to one sample a month. New flow proportional samplers are installed at
completion of the final covers to ensure representative samples are collected.

Time frame for implementation: Managed Discharge can be implemented immediately. LWTS is built
in accordance with a compliance schedule negotiated per the Federal Facility Agreement for the Oak Ridge
Reservation. Construction of LWTS is assumed to be concurrent with EMDF construction, with operations
planned to begin in 2028-2029.

Uncertainties: There is uncertainty in the future concentrations of the key COCs in landfill wastewater
over time because of the different contaminants at ETTP, ORNL, and Y-12; the variability in waste lots
and associated contaminants over time; the presence of unexpected contaminants; and the mobility of the
disposed contaminants. As shown in Appendix C, at times in the past, specific contaminants have required
treatment for a short time, but do not currently require treatment. It is expected that this situation will
continue in the future so that the contaminants requiring treatment will vary over time and for varying
periods of time. There also is uncertainty in the flow rate due to rainfall variation, the number of open
disposal cells, and the number of closed cells (cells under enhanced operational cover or equivalent).
Therefore, LWTS is constructed using a modular design that can be modified, as needed. The adaptive
management approach is used with likely additional contaminants identified, and potential additional
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processing capability is identified in advance of need based on waste and wastewater data. The ability to
adapt to changes in key COCs, COC concentrations, and fluctuating flow rate is considered in the
subsequent evaluation of this alternative. Although current concentrations of key COCs in Table 2 indicate
Managed Discharge will be successful for EMWMEF landfill wastewater, there is the potential for increases
in the EMWMEF key COCs above existing discharge limits that could require extensive trucking to PWTC.
The PWTC is expected to remain operational during the time period that EMWMF is operating.

The indicator parameters also may change based on potential changes in waste characteristics, changes in
field measurements, or total organic carbon indicating a change in the landfill wastewater characteristics
and/or the results of the biennial sampling results. The nutrient loading, total suspended solids, and/or total
dissolved solids sample results may require additional management controls to reduce these to acceptable
levels. These management controls, if required, are implemented at EMWMF/proposed EMDF site and will
not require transport for treatment elsewhere on the ORR or additional treatment unit operations.

Documents: To implement this alternative, the EMWMF ROD and implementing documents, including
the sampling and analysis plan (UCOR-4156) and remedial action work plan (DOE/OR/01-1874&D4/R4),
will have to be revised. The proposed EMDF ROD will be developed to include this remedy and be
approved. A remedial action work plan/remedial design report will be completed that include the specific
design for LWTS, and a remedial action work plan for operations will be completed. A completion report
will be required to document the as-built conditions. Operations details will be included in the annual report.

3.3.4 Alternative 3: Treat at Process Waste Treatment Complex
3.3.4.1 Common Components

Summary: In Alternative 3, landfill wastewater is transported by pipeline (Alternative 3a) or truck
(Alternative 3b) to the onsite PWTC. Figure 13 illustrates the process flow diagram for this alternative.

Fig. 13. Alternative 3: process flow diagram.

Background: The entire ORR is on the CERCLA National Priorities List due to legacy contamination. The
ORNL PWTC is located on the ORR and is an onsite treatment facility primarily used to treat waters arising
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from the ORNL facilities and environmental management actions. PWTC treats the existing EMWMF
landfill wastewater that does not meet the current EMWMF discharge limits (DOE/OR/01-
1873&D2/A1/R2). This landfill wastewater is currently trucked to the ORNL PWTC.

The NCP at 40 CFR 300.400(e)(1) defines “onsite” as meaning “the areal extent of contamination and all
suitable areas in very close proximity to the contamination necessary for the implementation of the response
action.” CERCLA Sect. 104(d)(4) (as discussed further in the preamble to the final NCP, 55 FR 8690) states
where two or more noncontiguous facilities are reasonably related on the basis of geography, or on the basis
of the threat or potential threat to the public health or welfare or the environment, these related facilities
may be treated as one for the purpose of conducting response actions. Section 104(d)(4) allows the lead
agency to manage waste transferred between such noncontiguous facilities without having to obtain a
permit (i.e., manage as “onsite” waste).

This approach was proposed and agreed to by all signatories to the Federal Facility Agreement for the
Oak Ridge Reservation for EMWMEF, was acknowledged and documented in the EMWMF ROD
(DOE/OR/01-1791&D3) and was reaffirmed in the ETTP Zone 2 ROD (DOE/OR-01-2161&D?2). This
agreement serves as the basis for designating waste treatment, storage, and disposal facilities on the ORR
as “onsite” facilities not subject to the CERCLA Offsite Rule (40 CFR 300.440) when accepting wastes
from CERCLA onsite response actions.

Details: Landfill wastewater is collected in storage tanks and then transferred to PWTC. The average flow
rate is 30 gpm. The maximum flow rate is 60 gpm. Figure 4 illustrates the existing EMWMF and proposed
EMDF site layout with water management features.

PWTC was recently upgraded to extend the life of PWTC. However, this extension of the design life does
not consider EMWMEF contact water and proposed EMDF landfill wastewater as an influent, so the ability
to treat mercury and radionuclides, and possibly other key COCs, and to manage the increased flow is
limited. Therefore, pre-treatment of EMWMF and proposed EMDF landfill wastewater are required for the
long-term viability of this alternative. The pre-treatment system is equivalent to the LWTS in Alternative
2 and is located at the proposed EMDF site due to a lack of space at PWTC.

From the water storage locations, the landfill wastewater is pretreated and then pumped through a pipeline
or to a truck for transport to the ORNL PWTC. Following pre-treatment, the landfill wastewater flows
through a flow proportional sampler at which the flow is measured, and samples are collected for analysis
and verification that the PWTC WAC (Table 7) are met. If storm flow above the design storm rate occurs
that exceeds the storage capacity, the stormwater is released through a bypass pipeline without active
management, per Rule 0400-40-05-.07(2)(1) to prevent damage to the pre-treatment system and to protect
the workers. The storage capacity design is based on a 100-year, 24-hour storm. Water storage is
constructed or upgraded to be RCRA-compliant.

Based on the design flow of 60 gpm from EMWMEF and the proposed EMDF, there is sufficient capacity

at PWTC to accommodate the landfill wastewater in the non-radiological treatment system, but not in the
radiological treatment system.
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Table 7. Alternative 3: landfill wastewater characteristics and PWTC waste acceptance criteria

Contaminant PWTC WACP PWTC WACP
Ve Contaminant Units | Average? | Maximum | (Bldg. 3544- (Bldg. 3608-
yp radiological) non-radiological)
Metal Arsenic* ug/L 5 5 4000 4000
Metal Cadmium™** ug/L 1 1 300 10
Metal Chromium, I11** ug/L 30.39 309 NA NA
Metal Chromium, VI* ug/L 30.88 250 NA NA
Metal Copper** ug/L 5.24 12.8 2500 100
Metal Lead** ug/L 3 3.63 30,000 30,000
Metal | Mereury (BMWME lower detection |y 0.03 0.13 04 04
limit)®
Metal Mercury (EMDF)® ug/L 1 NA 0¢ 0¢
Metal Nickel** ug/L 11.43 34.2 65,000 11,000
Metal Uranium ug/L 12.94 15 NA NA
Other Cyanide ug/L 5 5 200 200
Pesticide 4,4-DDD ug/L 0.1 0.1 NA NA
Pesticide 4,4'-DDE ug/L 0.1 0.1 NA NA
Pesticide 4,4-DDT ug/L 0.1 0.1 NA NA
Pesticide Aldrin ug/L 0.1 0.1 NA NA
Pesticide beta-BHC ug/L 0.1 0.1 NA NA
Pesticide Dieldrin ug/L 0.54 1 NA NA
Radiological Todine-129° pCi/L 1.5 2.8 NA NA
Radiological Strontium-90P pCi/L 6.85 16.1 10,000B g/L NA
Radiological Technetium-99° pCi/L 627.07 3580 NA NA
Radiological Tritium® pCi/L 2104 31900 NA NA
Radiological Uranium-233/234° pCi/L 66.52 385 NA NA
Radiological Uranium-235/236° pCi/L 4.92 25.1 NA NA
Radiological Uranium-238¢ pCi/L 3.15 21.2 NA NA
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Table 7. Alternative 3: landfill wastewater characteristics and PWTC waste acceptance criteria (cont.)

*Non-detects are replaced by the reporting limit.

PWaste Acceptance Criteria for Liquid Waste Systems Operated by Liquid and Gaseous Waste Operations at Oak Ridge National Laboratory, WM-LWS-WAC,
Rev. 9.

“The detection limit was lowered for appropriate comparison to the ambient water quality criteria.

dWaiver to WAC required.

“Mercury from EMDF landfill wastewater was estimated. See Appendix E.

NA = not applicable
*Criteria for these metals are expressed as dissolved.
**Criteria for these metals are expressed as dissolved and are a function of total hardness.



The evaluated process flow diagram for PWTC is illustrated in Fig. 14. Following treatment, the treated
effluent is discharged into White Oak Creek under a National Pollutant Discharge Elimination System
(NPDES) permit.

Fig. 14. Alternative 3: PWTC process flow diagram.
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Prior to accepting new wastewater for treatment at PWTC, the waste generator must ensure the wastewater
meets the WAC (WM-LWS-WAC/R9, Waste Acceptance Criteria for Liquid Waste Systems Operated by
Liquid and Gaseous Waste Operations at Oak Ridge National Laboratory). In limited situations,
wastewaters containing mercury can be accepted at the PWTC, but even then, only with an approved
variance request. Therefore, a variance request will have to be issued and approved to allow for the
treatment of mercury-containing landfill wastewater. Longer-term treatment of mercury-containing landfill
wastewater will require a NPDES permit modification, as will the planned addition of increased, long-term
landfill wastewater flow from the EMWMF and proposed EMDF.

Support activities: Landfill wastewater is transferred to PWTC by either pipeline (Alternative 3a) or truck
(Alternative 3b). Support activities are needed to construct additional loading and unloading stations,
connect to utilities, construct the pre-treatment facility, and provide connection between the alarm systems
and emergency transponders for high-level alarms and similar alerts. Operation of the PWTC will use the
existing trained and qualified chemical operators, but operation of the pre-treatment facility located at
EMWMF/proposed EMDF site will require additional operators.

Monitoring and land use controls: EMWMF, proposed EMDF, and PWTC are expected to remain within
the control of DOE indefinitely with existing access restrictions and land use controls.

One sample is collected using a flow proportional sampler for every 140,000 gal to ensure compliance with
PWTC WAC (Table 7). The number of samples is estimated at 72 per year, based on current and projected
landfill wastewater generation rates.

Monitoring continues following completion of the EMWMEF and proposed EMDF final covers. Landfill
wastewater volume is reduced, and the sampling frequency is reduced to one sample a month. New flow
proportional samplers are installed at completion of the final covers to ensure representative samples
continue to be collected.

Effluent from PWTC is monitored in accordance with the NPDES permit.

Time frame for implementation: Construction of the pre-treatment facility also must be complete at the
start of proposed EMDF operations. Additionally, the PWTC NPDES permit and WAC need to be
renegotiated prior to long-term acceptance of landfill wastewater. Construction of the pipeline, if selected,
will be concurrent with EMDF construction, with operations planned to begin in 2028-2029.

Uncertainties: There is uncertainty in the future concentrations of the key COCs in landfill wastewater
over time because of the different contaminants at ETTP, ORNL, and Y-12; the variability in waste lots
and associated contaminants over time; the presence of unexpected contaminants; and the mobility of the
disposed contaminants. As shown in Appendix C, at times in the past, specific contaminants have required
treatment for a short time, but do not currently require treatment. It is expected that this situation will
continue in the future so that the contaminants requiring treatment will vary over time and for varying
periods.

Since the concentration of mercury in EMDF landfill water is estimated and uncertain, the actual
concentration may exceed the ability of the PWTC to reduce it sufficiently to meet the discharge permit
limits. If the mercury levels are sustained at high levels, and/or are projected to result in effluent that exceeds
the NPDES permit, then this water cannot be treated at the PWTC without pre-treatment. Therefore,
construction of the pre-treatment facility must be complete prior to receipt of landfill wastewater. Because
of space limitations at PWTC, pre-treatment is expected to take place at the EMWMF/proposed EMDF site.
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There also is uncertainty in the flow rate due to rainfall variation, the number of open disposal cells, and
the number of closed cells. The combined flow from the proposed EMDF and EMWMEF, the ability to adapt
to changes in key COCs, COC concentrations, and fluctuating flow rate are considered in the subsequent
evaluation of this alternative.

There are no unit operations for uranium removal at PWTC, so landfill wastewater with uranium isotopes
cannot be accepted at this time. Pre-treatment facilities are needed at the EMWMF/proposed EMDF site if
high levels of uranium or other radionuclides in landfill wastewater are encountered in the future.

The PWTC 3608 processing system was recently upgraded. However, when the evaluation was performed,
the PWTC was constructed in 1989 and shows signs of deterioration from 25 years of operation. The dual
media filters F-1009 and F-1010 had experienced corrosion problems and had been removed from service.
The sulfuric acid feed tank was also replaced because of corrosion. Routine maintenance and component
replacement will continue, as necessary, to continue operations, although an extension of PWTC life has
now been completed.

Documents: To implement this alternative, the proposed EMDF ROD will be developed to include this
remedy and be approved. The EMDF remedial action work plan/remedial design report will be completed
that include the specific design, and a completion report will be required to document the
as-built conditions.

The PWTC NPDES permit and WAC require modification to include EMWMEF contact water and the
proposed EMDF wastewater.

The EMWMF ROD and implementing documents, including the Sampling and Analysis Plan/Quality
Assurance Project Plan (UCOR-4156) and the remedial action work plan (DOE/OR/01-1874&D4/R4), will
have to be revised.

3.3.4.2 Alternative 3a: Pipeline Transport to PWTC

Summary: A pipeline is constructed to transport landfill wastewater from EMWMF/proposed EMDF to
PWTC. This pipeline consists of double-walled, welded, high-density polyethylene (HDPE) piping and
follows existing disturbed areas, such as Haul Road and the power line easement, where possible.

Details: Approximately 4.8 miles of pressurized pipe is installed between EMWMF/proposed EMDF and
PWTC. The pipeline is double-walled 4-in. (SDR 11) HDPE pipe with a single lift station and
leak-detection sensors in the annular space. The primary pipe is contained within a secondary HDPE pipe
with leak-detection sensors. The leak-detection sensors are electronic low-point leak-detection stations set
approximately 5000 feet apart that communicate wirelessly to a main receiver. The pipeline lift station
receives landfill wastewater from the water storage facilities currently provided at EMWMF and the
additional tanks provided for the proposed EMDF, at the EMDF location. As shown, on Fig. 15, the change
in the EMDF location does not substantially change this option because the pipeline route as planned runs
across the EMDF location at Site 7c.

The pipeline follows the existing Haul Road west from EMWMEF, turns south at Reeves Road, and joins
the power line easement that crosses over Chestnut Ridge (Fig. 15). The pipeline exits the power line
easement alongside Bethel Valley Road, then turns south at First Street, turning east near the 2600 tanks.
The pipeline follows First Street within ORNL to avoid the congestion of utilities that typically exists within
the ORNL main campus footprint. This route is anticipated to have minimal impact to the environment or
ORNL operations. There are two pipeline crossings for Bear Creek and White Oak Creek. The creek
crossings utilize the existing bridges at these locations.

41



The pump station is located at the beginning of the pipeline near to the existing EMWMEF contact water
storage areas. The pump station consists of a prefabricated metal structure over a wet well with a primary
transfer pump and secondary back-up pump. The pumps are sized based on the design flow rate of 60 gal
per minute and the required head to overcome elevation changes to clear Chestnut Ridge and friction losses
along the entire length of the pipeline. Power runs from existing infrastructure at the EMWMF/proposed
EMDEF site, and an emergency generator is provided to maintain operations during prolonged power
outages.

Evaluated EMDF site

X

Current EMDF site

A

Fig. 15. Alternative 3a: route of pipeline to PWTC.

Support activities: Additional utility support is required at ORNL to ensure utilities and structures are
identified, moved, or protected during construction activities. Electrical power is required to the pump
stations. Leak-detection alarms are required, along with telemetry to alert operators of potential alarms or
leaks. Additional storage is required for the landfill wastewater at the EMWMF/proposed EMDF site to
retain the design stormwater and to provide a consistent flow of water to the lift station.

Monitoring and land use controls: The ORR remains within the control of DOE indefinitely with existing
access restrictions and land use controls. Additional monitoring of the pipeline is performed to verify safe

and efficient operating conditions.

Time frame for implementation: Construction of the pipeline is concurrent with the proposed EMDF
construction, with operations planned to begin in 2028-2029.

Uncertainties: The following uncertainties are associated with the pipeline:

42



e Potential route deviations within ORNL due to structures, utilities, or similar obstructions that cannot
be moved or avoided

e Potential route deviations outside of ORNL due to potential ecological impacts
e Construction delays within the ORNL main campus due to conflicts with the existing operations
e Construction delays within the power line easement due to the proximity to electrical lines

e Additional lift stations may be required if the planned lift station cannot be placed at the planned
location

e Potential soil contamination along the pipeline route may cause delays and increased cost for disposal
Documents: An environmental survey of the pipeline route is required.
3.3.4.3 Alternative 3b: Truck transport to PWTC

Summary: The landfill wastewater is trucked to PWTC using the existing fleet of government-furnished,
5000-gal capacity tanker trailers and tractors, plus an additional two tankers. The route is the same as the
current route taken by EMWMEF tanker trucks and is shown in Fig 16.

Details: The trucks typically haul 4500 gal per load. For the higher precipitation season of approximately
three months, trucks haul landfill wastewater seven days per week for a regular 10-hour day shift. During
the remaining nine months of the year, trucks are expected to haul landfill wastewater four days per week,
day shift only, as is the current practice. However, if higher precipitation volumes occur during winter, then
the seven-day-per-week schedule may need to be extended for up to six months to empty the storage system.

The two existing EMWMEF loading stations are required to process up to 20 shipments per 10-hour shift
and a third loading station is required, as a contingency, should additional landfill wastewater require offsite
treatment. The existing 4-in. portable pumps are used to transfer the landfill wastewater to the loading
station. Connections exist for the portable pump to each tank, and hoses connect the pump discharge to the
loading arm pipe at the new loading station.

The new loading station, located centrally to the contact water tanks or at the EMDF site, includes a pull-
through spill containment slab similar to that at the current West Loading Station, but with both long sides
curbed. The containment slab is 60-ft long with a sump for collection of rainwater and spill/leaks. The sump
has an automatic submersible pump that pumps back to any of the four tanks via a new underground pipe
network.

The existing West Loading Station is refurbished to add a loading platform and new articulating loading
arm of similar design to the existing East Loading Station. The only change to the East Loading Station is
an upgrade to a higher capacity leachate transfer/loading pump.

A second, accessible tanker unloading station or bay is required at PWTC to allow two tankers to be
simultaneously unloaded. The unloading station consists of a pull-through concrete containment slab with
a sump to collect and transfer rainwater or spills into the treatment system and a gravity discharge pipe
header to allow for emptying the tanker into the main collection sump. To create space for the new
unloading station, a long retaining wall is demolished, and excavation into a hillside with potentially
contaminated soil is performed. The retaining wall is re-constructed. The excavated soil requires
characterization to determine the appropriate disposal pathway, expected to be the ORR landfill.
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Fig. 16. Alternative 3b: truck route to PWTC.

Support activities: Piping is required to connect the proposed EMDF storage tanks and load-out pump to
the new loading station near the existing ModuTanks®' at EMWMF. Additional support activities are
required to procure two additional tankers, train drivers, and maintain the ORR roadways. Tractors to
transport the leachate tankers are leased. The changed location for the EMDF site would require trucks to
transport landfill wastewater down Haul Road to Reeves Road, then follow the same route. No other
changes are required.

PWTC personnel are required to support a seven-days/week shipping schedule for up to six months per
year. In addition, a second tanker unloading station or bay is required at PWTC.

Monitoring and land use controls: ORR remains within the control of DOE indefinitely with existing
access restrictions and land use controls. No additional monitoring is required over what is required for
Alternative 3.

Time frame for implementation: Construction of the additional support structures is concurrent with the
proposed EMDF construction, with operations planned to begin in 2028 to 2029.

Uncertainties: Low levels of contamination are present in the soil that must be removed to undertake the
infrastructure modifications at PWTC. While this soil is expected to be suitable for disposition at the ORR
landfill, if higher levels of contamination are found, additional worker protection may be needed. In

1 . . . . .

Reference herein to any specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof or its
contractors or subcontractors.
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addition, more stringent packaging and handling may be necessary for waste disposal at an alternate
location. The future cost and availability of fuel may be a factor in the execution of this alternative.

The truck route to PWTC (Fig. 16) may be altered due to safety and security issues, as has occurred recently.
This change may result in significant inefficiencies and cost increases.

Documents: No additional documentation is required in addition to the Alternative 4 documents.
3.3.5 Alternative 4: Treat at Outfall 200 Mercury Treatment Facility
3.3.5.1 Common Components

Summary: In Alternative 4, the landfill wastewater is transported by truck or pipeline to the planned, onsite
OF200 MTF at Y-12. Figure 17 illustrates the process flow diagram for this alternative.

Fig. 17. Alternative 4: process flow diagram.

Background: The proposed OF200 MTF will be an onsite water treatment facility located on the Y-12
footprint of the ORR. OF200 MTF is currently being designed as an onsite water treatment facility to
remove mercury from Upper East Fork Poplar Creek (UEFPC) surface water. While not yet in place, this
treatment facility is being designed as a CERCLA action to reduce the amount of mercury discharged into
UEFPC.

CERCLA remedial actions conducted onsite, as defined by 40 CFR 300.5, must comply with the ARARs,
but not procedural or administrative requirements. The NCP at 40 CFR 300.400(e)(1) defines “onsite” as
meaning “the areal extent of contamination and all suitable areas in very close proximity to the
contamination necessary for the implementation of the response action.” CERCLA Sect. 104(d)(4) (as
discussed further in the preamble to the final NCP, 55 FR 8690) states where two or more noncontiguous
facilities are reasonably related on the basis of geography, or on the basis of the threat or potential threat to
the public health or welfare or the environment, these related facilities may be treated as one for the purpose
of conducting response actions.
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Section 104(d)(4) allows the lead agency to manage waste transferred between such noncontiguous
facilities without having to obtain a permit (i.e., manage as “onsite” waste). This approach was proposed
and agreed to by all signatories to the Federal Facility Agreement for the Oak Ridge Reservation for
EMWMF, was acknowledged and documented in DOE/OR/01-1791&D3 and was reaffirmed in DOE/OR-
01-2161&D2. This agreement serves as the basis for designating waste treatment, storage, and disposal
facilities on the ORR as “onsite” facilities not subject to the CERCLA Offsite Rule (40 CFR 300.440) when
accepting wastes from CERCLA onsite response actions.

Details: The landfill wastewater from EMWMEF and the proposed EMDF is pumped to sumps, tanks, and/or
basins for storage. The average flow rate is 30 gpm, and the peak flow rate is 60 gpm. From storage, the
water is pumped through a pipeline (Alternative 4a) or to a truck (Alternative 4b) for transport to OF200
MTF. The landfill wastewater will flow through a flow proportional sampler at which the flow will be
measured, and samples will be collected for analysis. If storm flow above the design storm rate occurs that
exceeds the storage capacity, the stormwater is released through a bypass pipeline without active
management, per Rule 0400-40-05-.07(2)(1), to prevent damage to LWTS and to protect the workers.
Storage capacity design will be based on a 100-year, 24-hour storm. Water storage is constructed or
upgraded to be RCRA-compliant.

OF200 MTF is being designed to remove mercury from UEFPC surface water. While the OF200 MTF
design may be effective for removal of other COCs in addition to mercury, treatment system performance
for other contaminants has not been evaluated to date. Therefore, pre-treatment is provided for the other
key COCs. The pre-treatment system is equivalent to the LWTS in Alternative 2 and is located at the OF200
MTF. The proposed OF200 MTF will be capable of treating 3000 gpm of UEFPC surface water (95n
percentile of the projected UEFPC stream flow) with a goal of treating to an effluent concentration < 51
ppt mercury. Storage capacity for the landfill wastewater is provided at the EMWMF/proposed EMDF site
until these waters are transferred to the proposed OF200 MTF.

A treatability study is performed as part of this alternative to determine whether contaminants other than
mercury, such as cadmium and radionuclides, are removed by the proposed OF200 MTF. The treatability
study will evaluate removal of the key COCs requiring treatment. The results of the treatability study will
be used to develop the criteria to determine whether landfill wastewater can be accepted at OF200 MTF or
require pre-treatment.

The Proposed Plan for Water Treatment at Outfall 200 Under the Record of Decision for Phase | Interim
Source Control Actions in the Upper East Fork Poplar Creek Characterization Area, Oak Ridge, Tennessee
(DOE/OR/01-2661&D2) describes the water treatment facility planned to reduce the release of mercury
from OF200 into UEFPC at Y-12. The Amendment to the Record of Decision for Phase | Interim Source
Control Actions in the Upper East Fork Poplar Creek Characterization Area, Oak Ridge, Tennessee, Water
Treatment at Outfall 200 (DOE/OR/01-2697&D?2) was approved by the regulatory agencies in 2016.

The OF200 MTF headworks will be constructed near Outfall 200, and the treatment plant will be
constructed approximately 3000 feet east (Fig. 18).
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Fig. 18. Location of the Outfall 200 MTF.



As described in the Proposed Plan, water flowing from Outfall 200 will be diverted into the inlet channel
of the headworks through an intake structure grit removal and pump station. Water that has completed the
grit removal process will be sent to either stormwater storage at the headworks or an equalization tank at
the treatment plant. OF200 MTF will include the following sequential unit operations:

Headworks/intake structure overflow diversion to UEFPC.
Grit removal and grit classifier for solid waste separation.
Inclined plate clarifiers for solids removal.

Multimedia filtration—Iliquid effluent from the clarifiers will go to multi-media filters for additional
solids removal prior to discharge of the treated effluent back to UEFPC.

Sludge thickening and dewatering—sludge from the clarifiers will go to a sludge thickening tank and
then to a filter press for dewatering. The resulting filter cake will be sent for disposal, while the filtrate
will be recycled back into the treatment stream.

The OF200 MTF process flow diagram is in Fig. 19.

Fig. 19. Outfall 200 MTF process flow diagram.

OF200 MTF is only planned to accept the influent from UEFPC. If the OF200 MTF alternative is selected,
design modifications are required to convey the landfill wastewater to OF200 MTF by either pipeline
(Alternative 4a) or trucking (Alternative 4b).
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Operation of the OF200 MTF will continue until mercury source areas at the West End Mercury Area have
been remediated and mercury levels in discharges from Outfall 200 have declined to levels that no longer
require treatment, estimated at 30 years.

Support activities: Landfill wastewater is transferred to OF200 MTF by either pipeline (Alternative 4a) or
truck (Alternative 4b). Support activities are needed to construct additional loading and unloading stations,
connect to utilities, and provide connection between the alarm systems and emergency transponders for
high-level alarms and similar alerts. The additional 60 gpm of wastewater will not be expected to require
any additional trained and qualified chemical operators over what is already estimated (DOE/OR/01-
2599&D2). Pre-treatment will be needed to enhance the treatment effectiveness and/or minimize impacts
to the OF200 facility operations. Pre-treatment is expected to increase the operating costs for this facility.

The predominant solid waste streams generated by the proposed OF200 MTF treatment operations are
estimated to include grit material from the grit removal system (estimated at 1,300,000 Ib/year), filter cake
from the filter press (estimated at 440,000 Ib/year), and spent media from the multi-media filters (estimated
at 44,000 lb/year) (DOE/OR/01-2660&D3, Focused Feasibility Study for Supplemental Mercury
Abatement Actions Under the Record of Decision for Phase I Interim Source Control Actions in the Upper
East Fork Poplar Creek Characterization Area, Oak Ridge, Tennessee). All wastes will be sent for
appropriate onsite or offsite disposal as sanitary/industrial waste, RCRA-regulated hazardous waste,
low-level radioactive waste, or mixed waste, as suitable (DOE/OR/01-2599&D2, Remedial Design Work
Plan for the Outfall 200 Mercury Treatment Facility at the Y-12 National Security Complex, Oak Ridge,
Tennessee).

Monitoring and land use controls: EMWMEF, the proposed EMDF, and OF200 MTF are expected to
remain within the control of DOE indefinitely with existing access restrictions and land use controls.

Time frame for implementation: The current schedule for the proposed OF200 MTF is for the treatment
system to be operational in 2022. This time frame will result in the ability to treat the proposed EMDF
landfill wastewater when this begins to be generated in 2028 to 2029. However, OF200 MTF will not be
available to treat EMWMEF landfill wastewater until it is fully operational and a pretreatment facility is
constructed.

Uncertainties: There is uncertainty in the future concentrations of the key COCs in landfill wastewater
over time because of the different contaminants at ETTP, ORNL, and Y-12; the variability in waste lots
and associated contaminants over time; the presence of unexpected contaminants; and the mobility of the
disposed contaminants. As shown in Appendix C, at times in the past, specific contaminants have required
treatment for a short time, but do not currently require treatment. It is expected that this situation will
continue in the future so that the contaminants requiring treatment will vary over time and for varying
periods. There also is uncertainty in the flow rate due to rainfall variation, the number of open disposal
cells, and the number of closed cells.

OF200 MTF is being designed to treat mercury in UEFPC surface water. While other waters may be
effectively treated and other contaminants potentially may be removed, no evaluation has been conducted
to determine if additional contaminant removal will be successful. Therefore, pre-treatment for the key
COCs other than mercury is included in this alternative. Treatability studies will be conducted for this
alternative to determine effectiveness at removing additional EMWMF/proposed EMDF contaminants.

OF200 MTF is currently in design and planned to be operational in 2025. If landfill wastewater requires
treatment during this time frame, an alternative treatment system will be necessary. In addition, delays in
completion of OF200 MTF will increase the potential that an alternative treatment system will be required
prior to availability of OF200 MTF.
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Operation of the OF200 MTF will continue until mercury source areas at the West End Mercury Area have
been remediated and mercury levels in discharges from Outfall 200 have declined to levels that no longer
require treatment, estimated at 30 years. This duration may be incompatible with the time needed to treat
landfill wastewater.

Documents: To implement this alternative, the ROD for the proposed EMDF has to be developed to include
this remedy and approved, and the proposed OF200 MTF CERCLA documents must be revised and
approved to include the proposed EMDF/EMWMF landfill wastewater as a treatment stream. A remedial
action work plan/remedial design report will be completed that include the specific design for conveyance
support. A completion report will be required to document the as-built conditions. EMWMF ROD and
implementing documents, including the sampling and analysis plan (UCOR-4156), may have to be revised.
The division of scope between EMWMEF, the proposed EMDF, and OF200 MTF CERCLA documents will
have to be determined.

3.3.5.2 Alternative 4a: Pipeline transport to Outfall 200 MTF

Summary: A pipeline is constructed to transport landfill wastewater from EMWMF/proposed EMDF to
OF200 MTF. This pipeline consists of welded HDPE piping and follows existing disturbed areas, such as
Haul Road, where possible.

Details: Approximately 4400 ft of pressurized pipe is installed between the EMWMF/proposed EMDF site
and OF200 MTF. The pipeline is 4-in. (SDR 11) HDPE pipe with a single lift station and leak-detection
sensors. This primary pipe is contained within a secondary HDPE pipe with leak-detection sensors. The
leak-detection sensors are electronic low-point leak-detection stations set approximately 2000 ft apart that
communicate wirelessly to a main receiver.

For ease of installation, the pipeline route follows Haul Road and Bear Creek Road as much as possible
(Fig. 20). An additional pipeline segment will be constructed between the EMDF Site (7c) and EMWMF.
This pipeline will follow Haul Road.

Evaluated EMDF site

>

Fig. 20. Alternative 4a: route of pipeline to Outfall 200 MTF.

No additional storage is included in this alternative, but additional storage is required for the proposed
EMDF construction.
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The pipeline is pressurized with a pump station located near the EMWMF contact water storage tanks and
ponds. A pressurized system eliminates the need for large, deep excavations required for a gravity flow
system over the varying terrain. Locating the pump station at the beginning of the pipeline near the
EMWMEF contact water storage areas and making the entire system pressure driven allows for more
flexibility when installing the pipe. Minimizing the working footprint along Haul Road lessens the impact
to hauling operations, including the Uranium Processing Facility construction traffic.

No bridges are crossed, but North Tributary-2 and North Tributary-3 are crossed. For tributary crossings,
the pipeline is buried next to or in the shoulder of Haul Road, while still maintaining the required burial
depth when crossing culverts.

Support activities: Additional utility support is required at Y-12 to ensure utilities and structures are
identified, moved, or protected during construction activities. Electrical power is required to the pump
stations. Leak-detection alarms are required, along with telemetry to alert operators of potential leaks.
Additional storage is required for the landfill wastewater at the EMWMF/proposed EMDF site to retain the
design stormwater and to provide a consistent flow of water for the pipeline.

Monitoring and land use controls: EMWMTF, the proposed EMDF, and OF200 MTF are expected to
remain within the control of DOE indefinitely with existing access restrictions and land use controls.

Additional monitoring of the pipeline is performed to verify operating conditions.

Time frame for implementation: Construction of the pipeline is concurrent with the proposed EMDF
construction, with operations planned to begin in 2028 to 2029.

Uncertainties: The following uncertainties are associated with the pipeline:

o Potential route deviations within Y-12 because of ecological concerns, structures, utilities, or similar
items that cannot be moved or avoided.

e Slower construction rate than planned within Y-12 because of potential conflicts with the existing
infrastructure.

e Slower construction rate within Y-12 due to the increased security requirements.

e Additional lift stations may be required if the lift station cannot be placed as planned.
Documents: An environmental survey of the pipeline route is required.
3.3.5.3 Alternative 4b. Truck transport to OF200 MTF

Summary: The landfill wastewater is trucked to OF200 MTF using the existing fleet of government-
furnished, 5000-gal capacity tanker trailers and tractors, plus an additional two tankers. The route is along
Haul Road to Bear Creek Road (Fig. 21). Similar to Alternative 4a, the tankers discharge to a holding tank.
An additional route segment will use Haul Road to transport wastewater from the EMDF Site (7c) to
EMWMEF.
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Fig. 21. Alternative 4b: truck route to Outfall 200 MTF.

Details: The existing 5000-gal capacity tanker trucks typically haul 4500 gal per load. For the higher
precipitation season of approximately three months, trucks haul landfill wastewater seven days per week
during a regular day shift. During the remaining nine months of the year, trucks haul landfill wastewater
four days per week, day shift only, as is the current practice.

Two efficient loading stations are required to process up to 20 shipments per 10-hour shift. A new loading
station is required at the EMWMF contact water tanks (the four ModuTanks®) to ship the EMWMF contact
water. The existing 4-in. Wacker portable pumps are used to transfer the contact water to the loading station.
Hook-ups exist for the hose connection of a portable pump to each ModuTank®, and hoses are used to
connect the pump discharge to the loading arm pipe at the new station.

The new station includes a pull-through spill containment slab similar to that at the current West Loading
Station, but with both long sides curbed. The containment slab will be 60-ft long with a sump for collection
of rainwater and spill/leaks. The sump has an automatic submersible pump that pumps back to any of the
four ModuTanks® via new 2-in. underground pipe network.

The existing West Loading Station is refurbished to add a SafeRack® loading platform and new articulating
loading arm of similar design to the existing East Loading Station. The only change to the East Loading
Station is an upgrade to a higher capacity leachate transfer/loading pump.

No new landfill wastewater storage is required at OF200 MTF. Landfill wastewater storage is maintained
at the EMWMEF/proposed EMDF location due to the proximity to OF200 MTF.

Support activities: Piping is required to connect the proposed EMDF storage tanks and load-out pump to
the new loading station. Additional support activities are required to procure an additional tanker, train
drivers, and maintain the ORR roadways.

Additional landfill wastewater storage is required at the EMWMF/proposed EMDF location to provide a
consistent flow of water for the trucking operation. Operations staff provides sufficient workers to ship
from two stations at the same time.

Monitoring and land use controls: EMWMEF, the proposed EMDF, and OF200 MTF are expected to
remain within the control of DOE indefinitely with existing access restrictions and land use controls. No
additional monitoring is required over what is required for Alternative 4.
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Time frame for implementation: Construction of the additional support structures is concurrent with the
proposed EMDF construction, with operations planned to begin in 2028 to 2029.

Uncertainties: The space for additional tanker unloading stations is limited and soil may have low levels
of contamination that must be removed prior to construction. The future cost and availability of fuel may

be a factor in the execution of this alternative.

The schedule impacts caused by entering and exiting the Y-12 security portal are not determined but have
been significant in the past.

The truck route to OF200 MTF (Fig. 21) may be altered due to safety and security issues. This change may
result in significant inefficiencies and cost increases.

Documents: No additional documentation is required in addition to the Alternative 4 documents.
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4. ANALYSIS OF ALTERNATIVES

41 INTRODUCTION

This chapter presents the detailed analyses of the alternatives for the management of landfill wastewater
generated from EMWMF and the proposed EMDF. The analysis of alternatives provides the basis for
subsequently recommending an alternative in the EMDF proposed plan and modifying the EMWMF ROD.
Section 4.2 describes the evaluation criteria, Sect. 4.3 is an in-depth analysis for each alternative that
provides the basis of alternative selection, and Sect. 4.4 is a comparative analysis of the alternatives.

4.2 EVALUATION CRITERIA

CERCLA, Section 121, as amended, specifies statutory requirements for remedial actions. These
requirements include protection of human health and the environment, compliance with ARARs, a
preference for permanent solutions that incorporate treatment as a principal element to the maximum extent
practicable, and cost effectiveness. To assess whether alternatives meet these requirements, the following
nine criteria (EPA/540/G-89/004) are identified in the NCP (40 CFR 300.430) that must be evaluated for
each alternative [Section 300.430(e)(9)(iii)].

e Threshold Criteria

— Opverall Protection of Human Health and the Environment
— Compliance with ARARs

e Balancing Criteria

— Long-Term Effectiveness and Permanence

— Reduction of Toxicity, Mobility, or Volume Through Treatment
— Short-Term Effectiveness

— Implementability

— Cost

e Modifying Criteria

— State Acceptance
— Community Acceptance

The first two criteria are the threshold criteria that relate directly to statutory findings that must be
documented in the ROD. The next five criteria, the primary balancing criteria, address the performance of
the alternative and verify that the alternative is realistic. The last two modifying criteria are not addressed
in the current analyses because they rely on stakeholder participation and feedback on the recommended
alternative.

In addition to these evaluation criteria prescribed under CERCLA, DOE policy directs that the substantive
elements of analysis required under the National Environmental Policy Act (NEPA) be incorporated into
CERCLA decision documents (DOE 1994, Secretarial Policy Statement on National Environmental Policy
Act). Elements common to both CERCLA and NEPA include protectiveness, compliance with ARARs,
long-term effectiveness and permanence, short-term effectiveness, and cost. Additional NEPA values that
are not specifically included in the CERCLA criteria include socioeconomic impacts, environmental justice,
irreversible and irretrievable commitment of resources, and cumulative impacts.
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Additionally, current EPA policy (EPA/542-R-12-002, Methodology for Understanding and Reducing a
Project’s Environmental Footprint) is to incorporate sustainability principles into the remedial decision-
making process by considering all environmental effects of remedy implementation and incorporating
options to maximize net environmental benefit of cleanup actions. The processes used for remediation also
use a lot of water and energy and can create problems with emissions to air and water. To limit such
collateral damage from remediation, EPA is adopting and promoting greener remediation practices. The
core elements to be considered are energy requirements for treatment technologies, air emissions, water
requirements and impacts, land and ecosystem impacts, material consumption and waste generation, and
long-term stewardship.

Because both the landfill wastewater flow and potential COCs are expected to be variable over time, the
adaptability of each alternative to address these uncertainties is included in the implementability criterion.

Below are summaries of the factors that comprise the nine CERCLA criteria and a brief discussion on the
integration of NEPA and green remediation with the CERCLA analysis.

e Criterion 1: Overall Protection of Human Health and the Environment. This evaluation criterion
assesses whether the alternative achieves and maintains adequate protection of human health and the
environment in accordance with the remedial action objectives. Because the scope of this criterion is
broad, it also reflects the discussions of the subsequent criteria, including long-term effectiveness and
permanence and short-term effectiveness. This criterion evaluates how site risks associated with each
exposure pathway will be eliminated, reduced, or mitigated through treatment, engineering controls, or
land use controls. This criterion also evaluates impacts to the site environment resulting from the action
itself.

e Criterion 2: Compliance with ARARSs. This evaluation criterion addresses compliance with
promulgated federal and state environmental requirements that are legally applicable or relevant and
appropriate. If an alternative cannot meet a requirement, a waiver under CERCLA might be appropriate
and a basis for justifying the waiver is presented. ARARSs consist of two sets of requirements—those that
are applicable and those that are relevant and appropriate. If there are no standards that address the
proposed action or COCs, nonpromulgated advisories, criteria, or guidance developed by EPA, other
federal agencies, or states may be designated as TBC guidance.

The ARARs for this FFS that may be added to the Record of Decision for the Disposal of Oak Ridge
Reservation Comprehensive Environmental Response, Compensation, and Liability Act of 1980 Waste,
Oak Ridge, Tennessee are in Appendix D. Those ARARs required for the proposed EMDF will be
included in the Remedial Investigation/Feasibility Study for Comprehensive Environmental Response,
Compensation, and Liability Act Oak Ridge Reservation Waste Disposal, Oak Ridge, Tennessee and
subsequent CERCLA decision documents.

e Criterion 3: Long-Term Effectiveness and Permanence. This evaluation criterion evaluates the
extent to which an alternative achieves an overall reduction in risk to human health and the environment
after the remedial action objectives are met. The criterion also considers the degree to which the
alternative provides sufficient long-term controls and reliability to prevent exposures that exceed
protective levels for human and environmental receptors. The principal factors addressed by this
criterion include the magnitude of residual risk, the adequacy and reliability of controls to address such
risk, and the uncertainties associated with these factors. This criterion also evaluates the potential long-
term environmental effects of the alternative. The evaluation of adequacy and reliability of controls
assesses the effectiveness of any treatment, containment, or land use controls that are part of the
alternative. Factors considered include performance characteristics, maintenance requirements, and
expected durability. Information and data from past performance and similar technology applications
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may be appropriately incorporated into the evaluation. Land use controls are considered if they
potentially improve the effectiveness of engineering controls.

Criterion 4: Reduction of Toxicity, Mobility, or Volume Through Treatment. This evaluation
criterion reflects the statutory preference that remedial alternatives contain a principal component that
substantially reduces toxicity, mobility, or volume of hazardous substances through treatment. The
evaluation of alternatives against this criterion considers the extent to which alternative technologies
can effectively and permanently fix, transform, immobilize, or reduce the volume of contaminants.

Criterion 5: Short-Term Effectiveness. This evaluation criterion addresses the effects on human
health and the environment posed by the construction and implementation of the alternative. Both the
potential impacts and associated mitigative measures are examined for protectiveness of the
community, remediation workers, and environmental receptors during remedial activities. Potential
short-term risks to the public include inhalation of contaminants that might be released during
construction and implementation of the alternative. Potential short-term risks to workers include direct
contact and exposure during construction, waste handling, and transportation; physical injury or death
during construction and transportation activities; and airborne contamination during soil removal.
Alternative analyses also include a description of mitigative measures, such as engineering and land
use controls, expected to minimize potential risks to the public and workers. This criterion also
evaluates impacts on environmental media and potentially sensitive resources. Short-term
environmental effects and mitigation measures are qualitatively assessed.

Criterion 6: Implementability. This evaluation criterion examines the technical and administrative
factors affecting implementation of an alternative and considers the availability of services and
materials required during implementation. Technical factors to be assessed include the ease and
reliability of construction and operations, the prospects for implementing any needed future actions,
and the adequacy of monitoring systems to detect failures. Administrative factors include permitting
and coordination requirements between the lead agency (DOE) and regulatory agencies (EPA and
TDEC). Service and material considerations include treatment, storage, or disposal capacities;
equipment and operator availability; and applicability or development requirements for prospective
technologies.

Technical feasibility considers the performance history of the technologies in direct applications or the
expected performance for similar applications. Also addressed are uncertainties associated with
construction, operation, and performance monitoring.

The evaluation of administrative feasibility addresses actions required to coordinate with regulatory
agencies in establishing the framework for compliance with substantive technical requirements. The
NCP requires that the evaluation of the relative administrative feasibility of each alternative include
“...activities needed to coordinate with other offices and agencies and the ability and time required to
obtain any necessary approvals and permits from other agencies (for offsite actions). CERCLA,
Sect. 121(e), stipulates that no federal, state, or local permit shall be required for the portion of any
removal or remedial action conducted entirely on site.” An action must satisfy the substantive
requirements of any permits that would otherwise be required. The availability of services and materials
is addressed by analyzing the material components of the proposed technologies and then determining
the locations and quantities of those materials. Process operations are reviewed to identify any special
services, operator skills, or training needed for ready implementation of the process.

There is uncertainty in the future concentrations of the key COCs in landfill wastewater over time
because of the different contaminants at ETTP, ORNL, and Y-12; the variability in waste lots and
associated contaminants over time; the presence of unexpected contaminants; and the mobility of the
disposed contaminants. As shown in Appendix C, at times in the past, specific contaminants have
required treatment for a short time, but do not currently require treatment. This situation is expected to
occur in the future with contaminants requiring treatment that will vary over time and for varying
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periods. There also is uncertainty in the flow rate due to rainfall variation, the number of open disposal
cells, and the number of closed cells (such as under enhanced operational cover). Therefore, a key factor
in evaluating the alternatives is the ability to adapt to changes in key COCs, concentrations, and flow
rate.

Criterion 7: Cost. A cost estimate is included for each alternative. The estimate is based on feasibility-
level scoping and is intended to facilitate evaluation of the alternative. The estimate has an expected
accuracy of +50 to -30 percent for the scope of action. All estimates have been escalated using
DOE-approved annual rates and a schedule for the various activities based on similar project
experience. Typical cost estimating contingencies are not included in the estimate.

The cost estimate is divided into capital and O&M costs. Capital costs are defined as those expenditures
required to initiate and install an alternative. These are short-term costs and exclude costs required to
maintain the action throughout the project’s lifetime. O&M costs are long-term costs required to
maintain the action throughout the project’s lifetime. These costs occur after construction and
installation are completed.

Appendix H contains additional information on the cost estimates and the major assumptions used to
develop those estimates.

Criterion 8: State Acceptance. State acceptance of alternatives will be evaluated in the proposed plan
issued for public comment. Therefore, this criterion is not necessary for this FFS.

Criterion 9: Community Acceptance. Community acceptance of alternatives will be evaluated when
the proposed plan is issued for public comment. Therefore, this criterion is not necessary for this FFS.

NEPA Considerations. DOE policy (DOE 1994) directs that the substantive elements of analysis
required under NEPA be incorporated into CERCLA decision documents. This process provides
decision makers with a wider range of environmental and social concerns than those specifically
delineated under CERCLA. The CERCLA evaluation criteria are directly applicable to the
consideration of environmental and social impacts, as listed below:

— Compliance with ARARs addresses the NEPA requirement for consideration of applicable laws
and guidelines, including cultural and historical resources

— Long-term effectiveness and permanence address the NEPA requirement for consideration of
long-term impacts on human health and the environment, including emissions to air and water

— Short-term effectiveness addresses the NEPA requirement for consideration of short-term impacts
on human health and the environment, noise, air, transportation, and short-term emissions to air
and water

— Cost is a consideration under both NEPA and CERCLA

Other NEPA values not normally considered in a CERCLA FFS include the following:

Aesthetic effects

Socioeconomic impacts

Environmental justice

Irreversible and irretrievable commitments of resources
Cumulative impacts

These values are not key differentiators among the alternatives, except for the irreversible and irretrievable
commitments of resources.
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e Green remediation considerations. EPA policy (EPA/542-R-12-002; EPA/542-R-08-002, Green
Remediation: Incorporating Sustainable Environmental Practices into Remediation of Contaminated
Sites) is to incorporate sustainability principles into the remedial decision-making process. The
CERCLA evaluation criteria are directly applicable to the following core elements, as listed below:

— Overall protection of human health and the environment addresses the core element of land and
ecosystem impacts.

— Implementability addresses the core element of long-term stewardship by evaluating the impacts
of the alternatives on operations and maintenance. Implementability also addresses the core element
of air emissions in the evaluation of the trucking option.

— Compliance with ARARs addresses the core element of water impacts by evaluating compliance
with AWQC.

— The discussion of process options (Sect. 3.2) already addresses water requirements in terms of
reusing water.

The core values not normally considered in a CERCLA feasibility study are the following:

e Energy required
e Material consumption and waste generation

These are similar to the irreversible and irretrievable commitment of resources discussed above with the
NEPA values, so another criterion against which each alternative is evaluated is the irreversible and
irretrievable commitment of resources.

4.3 INDIVIDUAL ANALYSIS OF ALTERNATIVES
4.3.1 Alternative 1: No Action

Evaluation of the No Action alternative is required under CERCLA [40 CFR 300.430(e)(6)] to provide a
baseline for comparison with the action alternatives. Under the No Action alternative, the proposed EMDF
is not built. Current operations continue at EMWMEF. Landfill wastewater is discharged to Bear Creek or
trucked to PWTC at ORNL. The landfill wastewater will not be expected to meet the current discharge
limits at all times. No implementation is required and there are no additional costs associated with this
alternative.

Overall Protection of Human Health and the Environment (Alternative 1)

The No Action alternative will not be protective of human health and the environment, will not meet the
remedial action objective to meet current discharge limits for the key COCs to protect surface water for
designated uses, and will not be effective. No action will be taken to attain AWQC in surface water, and
contaminant releases in excess of current discharge limits are possible.

Compliance with ARARs (Alternative 1)
Compliance with ARARs applies only to actions taken under CERCLA authority. Since the No Action

alternative includes no response actions to manage landfill wastewater, there are no ARARs associated with
this alternative.
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Long-Term Effectiveness and Permanence (1)

The No Action alternative will not be effective in the long-term and is unacceptable since no remedial
action will be taken to mitigate contaminant releases from the landfill wastewater. Contaminant releases to
surface water and groundwater will continue.

Reduction of Toxicity, Mobility, or Volume through Treatment (Alternative 1)

Implementation of the No Action alternative will not meet the CERCLA preference for treatment to reduce
toxicity, mobility, or volume of contaminants.

Short-Term Effectiveness (Alternative 1)

Since the No Action alternative involves no construction, there will be no short-term risks to workers or the
community and no short-term environmental impacts.

Implementability (Alternative 1)

No implementation activities will be required for the No Action alternative. Therefore, this alternative is
inherently implementable. However, it may be difficult to obtain acceptance from the regulators and the
public. Since no action is being taken to manage the discharge of landfill wastewater, the No Action
alternative does not address fluctuating flows and varying COCs.

Cost (Alternative 1)

Capital Cost. There is no capital cost for Alternative 1.

O&M Cost. There is no incremental annual O&M cost for Alternative 1.

Present Worth. The present worth of Alternative 1 is zero.

The basis for the cost estimate is in Appendix L.

The No Action alternative can result in fines under the Clean Water Act if AWQC are not maintained.

Irretrievable Commitment of Resources (Alternative 1)

There will be no additional commitment of resources under the No Action alternative. However, the release
of contaminants will continue to degrade the water quality of Bear Creek.

4.3.2 Alternative 2: Managed Discharge/Treat

In Alternative 2, landfill wastewater initially is discharged to Bear Creek in accordance with current
discharge limits and subsequently is treated at LWTS, located at the proposed EMDF site, prior to discharge
to Bear Creek in accordance with revised discharge limits. Because the proposed EMDF is not constructed
adjacent to EMWMEF, LWTS will be constructed at EMDF, and EMWMF landfill wastewater will be
transported by truck or pipeline to LWTS.

Overall Protection of Human Health and the Environment (Alternative 2)

Protection of Human Health and the Environment. This alternative will be protective of human health
and the environment because landfill wastewater will meet discharge limits prior to discharge. The
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discharge limits for both managed discharge and treatment were developed considering the anti-degradation
requirements (Appendix K). Since discharge limits will be met prior to discharge, Bear Creek will not be
further degraded.

Treatment technologies for removal of the key COCs are best available technology, well demonstrated,
reliable, effective, readily available, and easily implemented. If the landfill wastewater composition
changes and additional contaminants must be addressed, LWTS can be modified easily, due to its modular
design, to include the necessary unit operations. Sampling treatment system influent and effluent verifies
performance and identifies changes in the characteristics of the landfill wastewater.

The contingent pipeline or trucking to transport landfill wastewater from EMWMEF to the proposed EMDF
at the Central Bear Creek location is protective of human health and the environment. The pipeline is an
engineered system with secondary containment, instrumentation, controls, and leak-detection capability.
The utilization of pipelines is a well-established technology with standards codes and specifications for
designing, constructing, and testing a pipeline system. As with any pipeline, there will be inherent minor
risk associated with pipeline failure from a manmade event or natural phenomena, e.g., fire, earthquake,
freeze damage. Environmental surveys are required prior to construction to evaluate impacts to wetlands
and rare and endangered species. Trucking has been practiced for EMWMEF landfill wastewater for many
years without incident

Effectiveness. This alternative will be effective for the discharge of landfill wastewater because the
concentrations of the key COCs will meet discharge limits prior to discharge. The discharge limits for both
managed discharge and treatment were developed considering the anti-degradation requirements. Since
discharge limits will be met prior to discharge, Bear Creek will not be further degraded. Treatment
technologies for removal of key COCs are best available technology, well demonstrated, reliable, effective,
readily available, and easily implemented. If the landfill wastewater composition changes and additional
contaminants must be addressed, LWTS can be modified easily to include the necessary unit operations.

Impacts to Site Environment. Alternative 2 has minimal impact to the site environment. Managed
Discharge will have no impact to the site environment because there will be no new construction. Existing
facilities and equipment will be used, and no upgrade will be necessary. Even though LWTS will be
constructed at the proposed EMDF, the site previously has been impacted by waste disposal operations, and
site preparation will require only minor excavation. If the proposed EMDF is constructed at the Central
Bear Creek location, then there will be some impact to the site environment by developing an area for waste
disposal that has not been previously developed, and the construction of the pipeline.

Compliance with ARARs (Alternative 2)

Compliance with ARARs. Alternative 2 will comply with all chemical-specific, location-specific, and
action-specific ARARs. Key COCs concentrations will meet discharge limits prior to discharge. Treatment
technologies for removal of the key COCs are best available technology, well demonstrated, reliable,
readily available, and easily implemented. Sampling treatment system effluent verifies performance and
identifies changes in the characteristics of landfill wastewater. If landfill wastewater composition changes
and additional contaminants must be addressed, LWTS can be modified easily, due to its modular design,
to include the necessary unit operations. Anti-degradation will be met because discharge limits were
developed considering anti-degradation, the discharge limits will be met prior to discharge, the treatment
is best available technology, and periodic toxicity testing will be performed.

ARAR Waivers. No ARAR waivers are required.
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Long-Term Effectiveness and Permanence (Alternative 2)

Effectiveness. Alternative 2 will be effective for the long-term. Landfill wastewater will meet discharge
limits prior to discharge. LWTS will provide processing equipment with a design life that matches the
anticipated landfill operations schedule with continued post-closure operations until landfill wastewater no
longer requires treatment or is no longer generated. Since treatment technologies for removal of the key
COCs are best available technology, well demonstrated, reliable, effective, readily available, and easily
implemented, LWTS can be maintained, and components can be replaced with normal procedures.
Sampling LWTS influent and effluent will verify performance and identify changes in the characteristics
of the landfill wastewater. If landfill wastewater composition changes, and additional contaminants must
be addressed, LWTS can be modified easily, due to its modular design, to include the necessary unit
operations.

Permanence. The EMWMEF and proposed EMDF sites are expected to remain within the control of DOE
indefinitely with existing access restrictions and land use controls. There is uncertainty associated with the
quality of the landfill wastewater in the future, as remediation continues at ORNL and Y-12 with different
COCs and as contaminants continue to leach in unpredictable concentrations. Since treatment technologies
for removal of the key COCs are best available technology, well demonstrated, reliable, effective, readily
available, and easily implemented, LWTS can be maintained, and components can be replaced with normal
procedures. Sampling LWTS influent and effluent will verify performance and identify changes in the
characteristics of the landfill wastewater. If landfill wastewater composition changes, and additional
contaminants must be addressed, LWTS can be modified easily, due to its modular design, to include the
necessary unit operations.

Reduction of Toxicity, Mobility, or Volume Through Treatment (Alternative 2)

Alternative 2 will meet the CERCLA preference for treatment to reduce toxicity, mobility, or volume of
contaminants. LWTS will reduce the concentrations of key COCs to acceptable levels through treatment of
landfill wastewater prior to discharge to Bear Creek, if needed.

Short-Term Effectiveness (Alternative 2)

Since Managed Discharge involves no construction, there will be no short-term risk to workers, the
community, and the environment. The treatment of landfill wastewater will require construction activities
with the associated risk of industrial accidents. DOE safety policies, procedures, and worker training reduce
the potential for and mitigate the consequences of such incidents. This alternative will have minimal
short-term impacts to the surrounding community and the environment.

The operation of LWTS will have minimal short-term impacts to remediation workers, the surrounding
community, and the environment.

Implementability (Alternative 2)

Technical Feasibility. Alternative 2 will be technically feasible and simple to implement. For Managed
Discharge, existing facilities and equipment will be used and no upgrade will be necessary. LWTS will be
technically easy to implement because the treatment technologies for removal of the key COCs are well
demonstrated, reliable, effective, readily available, and easy to construct using standard equipment and
techniques. DOE has implemented similar projects at ORNL, Y-12, and ETTP and has access to
experienced engineering and project management resources for landfill wastewater treatment projects.
LWTS will be designed for ease of expansion if additional COCs are encountered. The time required to
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respond to additional COCs will be minimized through monitoring of landfill wastewater and through
contingency planning that includes evaluation of waste planned for disposal

Administrative Feasibility. Alternative 2 will be administratively easy to implement. The remedial
investigation/feasibility study, proposed plan, and ROD for the proposed EMDF will have to be approved.
A remedial action work plan/remedial design report that include the specific LWTS design and a completion
document that contains the as-built conditions will be required. The EMWMF ROD and implementing
documents will be revised to include appropriate ARARs for the discharge of landfill wastewater into Bear
Creek. All of these documents are conventional CERCLA documents for which DOE has extensive
experience. A compliance schedule will be developed in accordance with the Federal Facility Agreement
for the Oak Ridge Reservation.

Availability of Services and Materials. The services and materials for Alternative 2 are readily available.
The treatment technologies for removal of key COCs are well demonstrated, reliable, effective, readily
available, and easy to construct using standard equipment and techniques. DOE has implemented similar
projects at ORNL, Y-12, and ETTP and has access to experienced engineering and project management
resources for landfill wastewater treatment projects. Construction of LWTS will use conventional
construction techniques.

Adaptability. Alternative 2 is adaptable. LWTS will be designed to quickly implement different treatment
units, if required by changes in COCs above or below discharge limits or due to long-term changes in flow
rates. If higher flow rates are continuous, then the treatment system will be easily expanded. Lower flow
rates normally will be treated in batches, requiring no changes to the treatment system. If lower flow rates
are continuous, then the treatment system will be easily reduced in size.

Cost (Alternative 2)

Capital Cost. The capital cost is approximately $14 million.

O&M Cost. The annual O&M cost for Alternative 2 is estimated at approximately $1.5 million during
operation and closure and approximately $0.3 million during post-closure. Offsetting this annual O&M cost
is the current annual cost of approximately $500,000 to transport EMWMF leachate to PWTC for treatment.
Present Worth. The present worth of Alternative 2 is estimated at approximately $48 million.

The basis for the cost estimate is in Appendix I.

Irretrievable Commitment of Resources (Alternative 2)

In Alternative 2, there will be minimal irretrievable commitment of resources. The footprint of LWTS is in
an area not previously developed but associated with the EMDF. There will be environmental impacts that
will need to be minimized/mitigated.

4.3.3 Alternative 3: Treat at PWTC

In Alternative 3, the landfill wastewater will be transferred by truck or pipeline to the onsite PWTC at
ORNL for treatment prior to discharge into White Oak Creek. The PWTC was recently upgraded and the
design life extended. This extension does not include EMWMEF contact water/proposed EMDF landfill

wastewater. Also, PWTC currently cannot accept mercury, and the radiological treatment processes are
limited. Therefore, the pre-treatment is necessary for the long-term viability of Alternative 3.
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Overall Protection of Human Health and the Environment (Alternative 3)

Protection of Human Health and the Environment. Alternative 3 is protective of human health and the
environment because the remedial action objective for landfill wastewater from EMWMF and the proposed
EMDF will be met by treatment at PWTC prior to discharge to White Oak Creek. The treatment
technologies used at PWTC and at the pre-treatment facility are effective for the landfill wastewater.
Sampling the landfill wastewater prior to shipping to PWTC will verify compliance with WAC and identify
changes in the characteristics of the landfill wastewater. The need to construct the pre-treatment facility
will require time to obtain additional funds and to design, construct, and deploy the additional processing
equipment,. If the landfill wastewater is transported by truck to PWTC, then there will be risk to the drivers
and the public associated with the potential for roadway transport incidents.

The pipeline option is protective of human health and the environment because it will transfer landfill
wastewater in an engineered system with secondary containment, instrumentation, controls, and
leak-detection capability. The utilization of pipelines is a well-established technology with standards codes
and specifications for designing, constructing, and testing a pipeline system. As with any pipeline, there
will be inherent minor risk associated with pipeline failure from a manmade event or natural phenomena,
e.g., fire, earthquake, freeze damage. Since the pipeline route will follow the existing Haul Road and power
line easement, there will be minimal additional environmental impacts. Environmental surveys will be
required prior to construction to evaluate impacts to wetlands and rare and endangered species.

This alternative will reduce the flow of water into Bear Creek that may be detrimental to aquatic life. On
rare occasions that storm events necessitate the bypass of untreated landfill wastewater directly into Bear
Creek, the overall impact to protection of human health and the environment will be minimal because the
flux of contaminants should be small.

Effectiveness. The treatment technologies used at PWTC and the pre-treatment facility will be effective
for the landfill wastewater. Sampling the landfill wastewater prior to transferring to PWTC will verify
compliance with WAC and identify changes in the characteristics of the landfill wastewater. The
pre-treatment is necessary for the long-term effectiveness of this alternative. This project will require time
to obtain additional funds, design, and deploy the new equipment.

Either transporting the landfill water by truck or transferring by pipeline will be effective for moving landfill
wastewater to PWTC for treatment. Both methods have some level of inherent risk associated with potential
spills.

Truck transportation of landfill wastewater has been performed successfully for twenty years. However,
due to the increased quantity of landfill wastewater to be transported, there is uncertainty in the availability
of trucks, the availability of drivers, and the travel time during bad weather. Increased truck transportation
will also require additional PWTC support for unloading tankers.

Impacts to Site Environment. Alternative 3 will have minimal impacts to the site environment. Since the
pipeline route follows the existing Haul Road and power line easement for most of the route, minimal
additional environmental impacts are anticipated. However, an environmental survey will be required prior
to construction. This alternative will reduce the flow of water in Bear Creek and may be detrimental to
aquatic life. On the rare occasions that untreated landfill water bypasses the treatment system and is
discharged directly into Bear Creek, the overall protection of human health and the environment will be
minimal. In order to install the additional landfill wastewater offloading stations at PWTC, soil will have
to be excavated that has low levels of contamination.
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Compliance with ARARs (Alternative 3)

Compliance with ARARSs. Alternative 3 will comply with all chemical-specific, location-specific, and
action-specific ARARs. Treatment of landfill wastewater at PWTC and the pre-treatment facility is
compliant with ARARs. The WAC and the NPDES permit will have to be revised. The treatment
technologies used at PWTC and the pre-treatment facility are effective for the landfill wastewater. Sampling
landfill wastewater prior to transporting it to PWTC will verify compliance with WAC and identify changes
in the characteristics of the landfill wastewater. The pipeline will be constructed to appropriate engineering
standards and will have secondary containment and leak-detection capability.

ARAR Waivers. No ARAR waivers are required.
Long-Term Effectiveness and Permanence (Alternative 3)

Effectiveness. Alternative 3 will be effective in the long-term. Treatment of landfill wastewater at PWTC
will be effective for long-term operation and compliant performance when the design life is extended and
the pre-treatment facility is operational. Sampling landfill wastewater prior to transporting it to PWTC will
verify compliance with WAC and identify changes in the characteristics of the landfill wastewater due to
the differing predominant contaminants at ETTP, ORNL, and Y-12. If additional contaminants are
introduced into the landfill wastewater, PWTC modifications can be performed, as necessary, to meet
processing needs. Significant PWTC modifications can result in impaired treatment effectiveness and
performance for the time necessary to provide the required treatment capability.

Transporting the landfill wastewater by tanker truck to PWTC will not be an effective long-term option.
The utilization of trucks has been practiced successfully for twenty years. However, the expected increase
and fluctuation in landfill wastewater flow will introduce uncertainty in the availability of trucks and drivers
and increase the potential for transport incidents.

The pipeline will be effective because it will provide an engineered, automated, and well-contained system
for transferring landfill water to the PWTC. Piping has a long service life and can be designed and installed
to last well beyond the period of performance for EMWMEF and the proposed EMDF.

Permanence. The EMWMEF and proposed EMDF sites and ORNL are expected to remain within the
control of DOE indefinitely with existing access restrictions and land use controls. Additionally,
pre-treatment is required for mercury and radionuclides and possibly other COCs. If additional
contaminants are introduced into the landfill wastewater, PWTC modifications can be performed, as
necessary, to meet processing needs

Transporting the landfill wastewater by tanker truck to PWTC will not be an effective long-term option.
The utilization of trucks has been practiced successfully for twenty years. However, the fluctuation in
landfill wastewater flow will introduce uncertainty in the availability of trucks and drivers and increase the
potential for transport incidents. The pipeline will be effective because it will provide an engineered,
automated, and well-contained system for transferring landfill wastewater to PWTC. Piping has a long
service life and can be designed and installed to last well beyond the period of performance for EMWMF
and EMDF.

Reduction of Toxicity, Mobility, or Volume Through Treatment (Alternative 3)

Alternative 3 will reduce the concentrations of key COCs to acceptable levels through treatment of landfill
wastewater prior to discharge to White Oak Creek.

65



Short-Term Effectiveness (Alternative 3)

The operation of PWTC will have minimal short-term impacts to remediation workers, the surrounding
community, and the environment. The PWTC currently accepts and processes EMWMF leachate
effectively and safely. Truck transport is currently used to deliver the leachate to PWTC for treatment and
is being performed effectively and safely. Construction of the pipeline will have short-term environmental
impacts, but by following Haul Road and power line easement, the impacts are minimized. DOE safety
policies, procedures, and worker training reduce the potential for and mitigate the consequences of such
incidents. Alternative 3 will reduce the flow of water in Bear Creek and may be detrimental to aquatic life.
In order to install the additional landfill wastewater offloading stations at PWTC, soil will have to be
excavated that has low levels of contamination that will require additional worker protection.

Implementability (Alternative 3)

Technical Feasibility. Alternative 3 will be technically feasible and simple to implement. Upgrades at
PWTC to install the additional landfill water offloading stations are easy to construct, and the slightly
contaminated soil should be disposed at the ORR landfill. However, implementability during construction
of pre-treatment will be impaired by the need to obtain additional funds, complete design activities, and
perform construction, while maintaining operational capability for continued landfill wastewater
processing.

The construction activities required to install pre-treatment to accept the landfill wastewater are common,
and the additional risk of a construction accident is not significant. Operational risk for landfill wastewater
treatment is no greater than what is currently experienced during PWTC ongoing operations.

Construction of the pipeline will use conventional construction techniques. However, there is likely to be
interference from existing underground utilities and potentially contaminated soil that will complicate
construction of the pipeline. The utilization of trucks has been practiced successfully twenty years.
However, the expected fluctuation in landfill wastewater flow will introduce uncertainty in the availability
of trucks and drivers and increase the potential for transport incidents.

Administrative Feasibility. Alternative 3 will be administratively easy to implement. The ROD for the
proposed EMDF will have to be developed to include this remedy and approved. A remedial action work
plan/remedial design report that include the specific pre-treatment facility design and a completion
document that contains the as-built conditions will be required. The EMWMF ROD and implementation
documents will have to be revised. All of these documents are conventional CERCLA documents for which
DOE has extensive experience. The WAC and NPDES permit will have to be revised. If additional
contaminants appear in the landfill wastewater in the future, then the WAC will require further revision
before the new contaminants can be accepted on a permanent basis.

Availability of Services and Materials. Construction of the pre-treatment system to receive the landfill
wastewater and construction of the pipeline will use conventional construction techniques. The additional
trucks and drivers that will be needed are available, but the varying demand complicates access to them.

Adaptability. The current PWTC is not readily adaptable to changing flow rates and COCs, but PWTC
with the pre-treatment system should be more adaptable.

Cost (Alternative 3)

e Trucking Option (Alternative 3a):
— Capital Cost. The capital cost of Alternative 3a is estimated at approximately $17 million.
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— O&M Cost. The annual O&M cost of Alternative 3a is estimated at approximately $4 million
during operation and closure and $0.4 million during post-closure.

— Present Worth. The present worth of Alternative 3a is estimated at approximately $110 million.
The basis for the cost estimate is in Appendix L.

e Pipeline Option (Alternative 3b):
— Capital Cost. The capital cost of Alternative 3b is estimated at approximately $20 million.

— O&M Cost. The annual O&M cost of Alternative 3b is estimated at approximately $1.8 million
during operations and closure and $0.3 million during post-closure.

— Present Worth. The present worth of Alternative 3b is estimated at approximately $61 million.
The basis for the cost estimate is in Appendix I.
Irretrievable Commitment of Resources (Alternative 3)

In Alternative 3, there will be minimal irretrievable commitment of resources. PWTC is an existing facility,
and the additional flow is minimal. Therefore, the incremental energy and chemical requirements for
treatment will be minimal, even following construction of the pre-treatment facility. The route of the
pipeline is in an area already used as a haul road and power line easement, so there will be minimal
environmental impacts. Transporting landfill wastewater by truck will consume more energy in fuel than
the pipeline option.

4.3.4 Alternative 4: Treat at Outfall 200 MTF

In Alternative 4, the landfill wastewater will be transferred by truck or pipeline to the planned, onsite
treatment facility at Outfall 200 at Y-12 for treatment prior to discharge into UEFPC. Pre-treatment of
landfill wastewater is required for key COCs other than mercury.

Overall Protection of Human Health and the Environment (Alternative 4)

Protection of Human Health and the Environment. Alternative 4 will be protective of human health and
the environment because the remedial action objective for landfill wastewater from EMWMEF and the
proposed EMDF will be met by pre-treatment and treatment at OF200 MTF prior to discharge to UEFPC.
The treatment technologies planned at OF200 MTF and additional pre-treatment are effective for key
COCs. Treatment technologies for removal of key COCs are well demonstrated, reliable, effective, readily
available, and easily implemented. If the landfill wastewater composition changes and additional
contaminants must be addressed, the pre-treatment system can be modified easily, due to its modular design,
to include the necessary unit operations. Sampling the landfill wastewater prior to shipping to OF200 MTF
will verify compatibility with OF200 MTF and pre-treatment capability and identify changes in the
characteristics of the landfill wastewater. If the landfill wastewater becomes contaminated with COCs other
than key COC:s, the adaptability of OF200 MTF and pre-treatment is adequate. Treatment technologies for
removal of key COCs are well demonstrated, reliable, effective, readily available, and easily implemented.
If the landfill water composition changes and additional contaminants must be addressed, the pre-treatment
system can be modified easily, due to its modular design, to include the necessary unit operations. Until
treatability studies are performed, the ability to treat other COCs is not known. The pre-treatment facility
will be constructed and operated at the OF200 MTF site. This alternative will reduce the flow of water into
Bear Creek that may be detrimental to aquatic life, and at peak, EMDF flow is less than a 5% increase to
the average flow rate in East Fork Poplar Creek at OF200.
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If the landfill wastewater is transported by truck to OF200 MTF, there will be risk to the drivers and the
public associated with the potential for roadway transport incidents. Existing tankers are a proven
technology currently used for EMWMEF landfill wastewater transport.

The pipeline option is protective of human health and the environment because it will transfer landfill
wastewater in an engineered system with secondary containment, instrumentation, controls, and
leak-detection capability. The utilization of pipelines is a well-established technology with standards, codes,
and specifications for designing, constructing, and testing a pipeline system. As with any pipeline, there
will be inherent minor risk associated with pipeline failure from a manmade event or natural phenomena,
e.g., fire, earthquake, freeze damage. Since the pipeline route will follow the existing Haul Road, there will
be minimal additional environmental impacts. Environmental surveys will be required prior to construction
to evaluate impacts to wetlands and rare and endangered species.

On the rare occasions that storm events necessitate the bypass of untreated landfill wastewater directly into
Bear Creek, the overall impact to protection of human health and the environment will be minimal because
Bear Creek will be at high flow conditions.

Effectiveness. OF200 MTF and pre-treatment will be effective for the landfill wastewater key COCs.
Treatment technologies for removal of key COCs are well demonstrated, reliable, effective, readily
available, and easily implemented. If the landfill water composition changes and additional contaminants
must be addressed, the pre-treatment system can be modified easily, due to its modular design, to include
the necessary unit operations. Until treatability studies are performed, the ability of OF200 MTF to treat
other COCs is not known. Sampling the landfill wastewater prior to transferring to OF200 MTF and
pre-treatment will verify compatibility with OF200 MTF and pre-treatment capability and identify changes
in the characteristics of the landfill wastewater. If the landfill wastewater becomes contaminated with other
key COCs, the adaptability of OF200 MTF and pre-treatment are adequate.

Either transporting the landfill wastewater by truck or transferring by pipeline will be effective for moving
landfill wastewater to OF200 MTF. Both methods have some level of inherent risk associated with potential
spills.

The utilization of trucks has been practiced successfully for twenty years. However, due to the increased
quantity of landfill wastewater to be transported, there is uncertainty in the availability of trucks, the
availability of drivers, and the travel time during bad weather.

Impacts to Site Environment. Alternative 4 will have minimal impacts to the site environment. An
environmental survey will be required prior to construction of the pipeline. This alternative will reduce the
flow of water in Bear Creek and may be detrimental to aquatic life. On the rare occasions that untreated
landfill wastewater bypasses the treatment facility and is discharged directly into Bear Creek, the increased
contaminant mass will be minimal.

Compliance with ARARs (Alternative 4)

Compliance with ARARSs. Alternative 4 will comply with all chemical-specific, location-specific, and
action-specific ARARs. The treatment technologies used at Outfall 200 MTF and pre-treatment are
effective for the landfill wastewater key COCs. Until the treatability studies are performed, the ability of
OF200 MTF to treat other COCs is not known. Sampling landfill wastewater prior to transporting it to
Outfall 200 and pre-treatment will verify compatibility with OF200 MTF and pre-treatment capability and
identify changes in the characteristics of the landfill wastewater. The pipeline will be constructed to
appropriate engineering standards and will have secondary containment and leak-detection capability.
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ARAR Waivers. No ARAR waivers are required.
Long-Term Effectiveness and Permanence (Alternative 4)

Effectiveness. Alternative 4 will be effective in the long-term. Treatment of landfill wastewater at OF200
MTF and pre-treatment will be effective for long-term operation and compliant performance. Treatment
technologies for removal of key COCs are well demonstrated, reliable, effective, readily available, and
easily implemented. If the landfill wastewater composition changes and additional contaminants must be
addressed, the pre-treatment system can be modified easily, due to its modular design, to include the
necessary unit operations. Sampling landfill wastewater prior to transporting it to Outfall 200 MTF and
pre-treatment will verify compatibility with OF200 MTF and pre-treatment capability and identify changes
in the characteristics of the landfill wastewater due to the differing predominant contaminants at ETTP,
ORNL, and Y-12. If additional contaminants are introduced into the landfill wastewater, OF200 MTF and
pre-treatment modifications can be performed, as necessary, to meet processing needs. Significant OF200
MTF and pre-treatment modifications can result in impaired treatment effectiveness and performance for
the time necessary to provide the required treatment capability.

Transporting the landfill wastewater by tanker truck to OF200 MTF and pre-treatment will not be an
effective long-term option. The utilization of trucks has been practiced successfully for twenty years.
However, the expected increase and fluctuation in landfill wastewater flow will introduce uncertainty in
the availability of trucks and drivers and increase the potential for transport incidents.

The pipeline will be effective because it will provide an engineered, automated, and well-contained system
for transferring landfill wastewater to OF200 MTF and pre-treatment. Piping has a long service life and can
be designed and installed to last well beyond the period of performance for EMWMEF and the proposed
EMDF.

Permanence. The EMWMEF and proposed EMDF sites and Y-12 are expected to remain within the control
of DOE indefinitely with existing access restrictions and land use controls. Treatment technologies for
removal of key COCs are well demonstrated, reliable, effective, readily available, and easily implemented.
If the landfill wastewater composition changes and additional contaminants must be addressed, the
pre-treatment system can be modified easily, due to its modular design, to include the necessary unit
operations.

Transporting the landfill wastewater by tanker truck to OF200 MTF and pre-treatment will not be an
effective long-term option. The utilization of trucks has been practiced successfully for twenty years.
However, the fluctuation in landfill wastewater flow will introduce uncertainty in the availability of trucks
and drivers and increase the potential for transport incidents. The pipeline will be effective because it will
provide an engineered, automated, and well-contained system for transferring landfill wastewater to OF200
MTF and pre-treatment. Piping has a long service life and can be designed and installed to last well beyond
the period of performance for EMWMF and the proposed EMDF.

Reduction of Toxicity, Mobility, or Volume Through Treatment (Alternative 4)
Alternative 4 will reduce the concentrations of key COCs through treatment of landfill wastewater prior to

discharge to UEFPC. Until the treatability studies are performed, the ability of OF200 MTF to treat other
COCs will not be known.
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Short-Term Effectiveness (Alternative 4)

The operation of OF200 MTF and pre-treatment will have minimal short-term impacts to remediation
workers, the surrounding community, and the environment. Truck transport is currently used to deliver the
leachate to PWTC for treatment and is being performed effectively and safely. Construction of the pipeline
and pre-treatment will have short-term environmental impacts. DOE safety policies, procedures, and worker
training reduce the potential for and mitigate the consequences of such incidents. Alternative 4 will reduce
the flow of water in Bear Creek and may be detrimental to aquatic life, and at peak, EMDF flow is less than
a 5% increase to the average East Fork Poplar Creek flow at OF200.

Implementability (Alternative 4)

Technical Feasibility. Alternative 4 will be technically feasible because treatment technologies for removal
of key COCs are well demonstrated, reliable, effective, readily available, and easily implemented. If the
landfill wastewater composition changes and additional contaminants must be addressed, the pre-treatment
system can be modified easily, due to its modular design, to include the necessary unit operations. Upgrades
at Outfall 200 MTF to install the additional landfill wastewater offloading stations and pre-treatment
processes are easy to construct. Treatability studies are simple to perform, and construction of the
pre-treatment facility is technically feasible and simple to implement. If the landfill wastewater becomes
contaminated with constituents other than those treated at OF200 MTF and pre-treatment, implementability
may be impaired temporarily.

Construction of the pipeline will use conventional construction techniques. However, there is likely to be
interference from existing underground utilities and potentially contaminated soil that will complicate
construction of the pipeline. The utilization of trucks has been practiced successfully for twenty years.
However, the expected fluctuation in landfill wastewater flow will introduce uncertainty in the availability
of trucks and drivers and increase the potential for transport incidents.

Administrative Feasibility. Alternative 4 will be administratively easy to implement. The ROD for the
proposed EMDF will have to be developed to include this remedy and approved,, and the OF200 MTF
CERCLA documents must be revised and approved to include the EMWMF/proposed EMDF landfill
wastewater as a treatment stream. A remedial action work plan/remedial design report that includes the
specific design and a completion document that contains the as-built conditions will be required. The
EMWMF ROD and implementing documents will require revision. All of these documents are conventional
CERCLA documents for which DOE has extensive experience. The separation of scope among EMWMEF,
the proposed EMDF, and OF200 MTF CERCLA documents will have to be determined.

Availability of Services and Materials. The services and materials for Alternative 4 are readily available.
The treatment technologies for removal of key COCs are well demonstrated, reliable, effective, readily
available, and easy to construct using standard equipment and techniques. DOE has implemented similar
projects at ORNL, Y-12, and ETTP and has access to experienced engineering and project management
resources for landfill water treatment projects.

Expansion of the facilities to receive and pre-treat the landfill wastewater and construction of the pipeline
will use conventional construction techniques. The additional trucks and drivers that will be needed are
available, but the varying demand complicates access to them.

Adaptability. The pre-treatment system will be designed to quickly implement different treatment units, if
required by changes in COCs above or below discharge limits or due to long-term changes in flow rates.
Flow rates above the design flow rate during storms will bypass the treatment system. If higher flow rates
are continuous, then the pre-treatment system will be easily expanded. Lower flow rates normally will be
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treated in batches, requiring no changes to the pre-treatment system. If lower flow rates are continuous,
then the pre-treatment system will be easily reduced in size.

Cost (Alternative 4)

e Trucking Option (Alternative 4a):
— Capital Cost. The capital cost of Alternative 4a is estimated at approximately $17 million.

— O&NM Cost. The annual O&M cost of Alternative 4a is estimated at approximately $4 million
during the operation and closure and $0.4 million during post-closure.

— Present Worth. The present worth of Alternative 4a is estimated at approximately $110 million.
e Pipeline Option (Alternative 4b):
— Capital Cost. The capital cost of Alternative 4b is estimated at approximately $22 million.

— O&M Cost. The annual O&M cost of Alternative 4b is estimated at approximately $1.8 million
during the operations and closure and $0.3 million during post-closure.

— Present Worth. The present worth of Alternative 4b is estimated at approximately $63 million.
The basis for the cost estimate is in Appendix I.
Irretrievable Commitment of Resources (Alternative 4)

In Alternative 4, there will be minimal irretrievable commitment of resources. OF200 MTF is a planned
facility for a much larger flow, and the additional flow is minimal. Therefore, the incremental energy and
chemical requirements for treatment will be minimal. There will be minimal environmental impacts.
Transporting leachate and contact water by truck will consume more energy in fuel than the pipeline option.

44 COMPARATIVE ANALYSIS OF ALTERNATIVES
4.4.1 Introduction

A comparative analysis was performed for the alternatives to develop the basis for selecting a recommended
alternative. Both threshold criteria and the primary balancing criteria were considered in the analysis. The
following threshold criteria reflect key statutory mandates of CERCLA that must be satisfied by an
alternative for it to be eligible for selection.

e Overall Protection of Human Health and the Environment
e Compliance with ARARs

The following primary balancing criteria were used to compare the relative advantages and disadvantages
of the alternatives to determine the most appropriate remedy.

Long-Term Effectiveness and Permanence

Reduction of Toxicity, Mobility, or Volume Through Treatment
Short-Term Effectiveness

Implementability

Adaptability

Cost
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A comparison of these six criteria forms the basis of the comparative analysis. The first three balancing
criteria address the statutory preference for treatment as a principal element of the remedy. Together with
the last three criteria, these form the basis for determining the general feasibility of each alternative and for
determining whether costs are proportional to the overall effectiveness.

The two modifying criteria—state acceptance and community acceptance—will not be evaluated until the
public has had the opportunity to comment on the proposed plan. Therefore, these criteria were not formally
evaluated in this FFS.

Finally, irreversible and irretrievable commitment of resources was evaluated.
4.4.2 Threshold Criteria
4.42.1 Introduction

The threshold criteria consist of two of the nine criteria that must be satisfied by the selected alternative.
These criteria are important because they reflect the key statutory mandates of CERCLA. If an alternative
does not satisfy both of these criteria, it is not eligible to be selected as a remedy. CERCLA Sect.121(d)
provides that, under certain circumstances, an ARAR may be waived. The following includes a discussion
of the degree to which the four alternatives satisfy the two threshold criteria.

4.4.2.2 Overall Protection of Human Health and the Environment

The No Action alternative will not protect human health and the environment because no action will be
taken to manage the release of key COCs into Bear Creek in the landfill wastewater.

Alternatives 2 through 4 will protect human health and the environment. Alternatives 2 through 4 will
involve treatment of the landfill wastewater and can accommodate changes to COC concentrations in the
future. However, Alternatives 3 and 4 require pre-treatment for them to be viable alternatives. Alternative
3 WAC does not allow mercury and the PWTC does not include the additional EMWMF/proposed EMDF
landfill wastewater volumes. Alternative 4 currently does not address any COC, except mercury. Until the
treatability studies are completed, the ability of Alternative 4 to treat other COCs will not be known.
Alternatives 3 and 4 will require the landfill wastewater to be transported to PWTC and OF200,
respectively, by either truck or pipeline. Both of these transportation methods will be effective, but involve
risk associated with the potential for transport incident or pipeline failure. In addition, Alternatives 3 and 4
will divert water flow from Bear Creek, which may be detrimental to aquatic life in Bear Creek. The pipeline
will be effective and will be protective due to the double containment and leak detection.

4.4.2.3 Compliance with ARARs
Since Alternative 1 is No Action for the management of landfill wastewater, there are no ARARs.

Alternatives 2 through 4 will meet the action-specific, chemical-specific, and location-specific ARARs.
Alternative 2, Managed Discharge/Treat, will be compliant with ARARs because it allows only landfill
wastewater that meets discharge limits to be released into Bear Creek. In Alternative 3, landfill wastewater
is treated at the onsite PWTC, and the discharge will meet the NPDES permit. In Alternative 3, the PWTC
WAC do not accept mercury-contaminated landfill wastewater, so pre-treatment will be required. The WAC
will have to be revised or a waiver approved to be able to accept the landfill wastewater, and a revision to
the NPDES permit may be required. In Alternative 4, the OF200 MTF is designed to treat only mercury, so
pre-treatment is required. Alternatives 2 through 4 will accommodate changes to COC concentrations and
the need to provide additional treatment processes and continue compliance with ARARs. Alternative 2
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will be the easiest to modify to address additional treatment because it will be designed in a modular fashion
with expansion in mind. PWTC and OF200 are slightly more difficult.

4424 Summary

The No Action alternative will not meet the threshold criteria and cannot be considered for selection.
Therefore Alternative 1, No Action will be included in the comparative analysis against the balancing
criteria in Section 4.4.3.

Alternative 2, Managed Discharge/Treat, will satisfy both criteria because it only allows landfill wastewater
that meets the discharge limits to be released to Bear Creek. The treatment system will be the easiest to
modify because it is designed in a modular fashion with expansion in mind.

Alternative3, Treatment at PWTC, will satisfy both criteria because with pre-treatment it can treat all key
COCs.

Alternative 4, Treatment at OF200 MTF, will satisfy both criteria, because with pre-treatment it can treat
all key COCs.

Alternatives 2 through 4 can adapt to changing COCs. Therefore, Alternatives 2 through 4 meet the
threshold criteria, can be considered for selection, and are included in the comparative analysis against the
balancing criteria in Sect. 4.4.3.

4.4.3 Balancing Criteria
4.4.3.1 Long-Term Effectiveness and Permanence

Alternatives 2 through 4 will all be effective in the long-term because treatment systems will be provided
that are designed and maintained for long-term operation. Alternative 2 only allows landfill wastewater that
meets the discharge limits to be released to Bear Creek and will be the easiest to modify to accommodate
changes in the concentrations of COCs in the future because it will be designed in a modular fashion with
modification in mind. PWTC in Alternative 3 does not allow mercury and is limited in accepting
radiological contaminants. Therefore, PWTC must have pre-treatment for long-term effectiveness and
permanence. OF200 MTF in Alternative 4 is designed only for mercury, so pre-treatment facilities will
have to be constructed. Alternatives 2 through 4 are sited at locations fully under the control of the DOE
Environmental Management Program, and there are no competing priorities for the utilization of the sites.

4.4.3.2 Reduction of Toxicity, Mobility, or Volume Through Treatment

Alternatives 2 through 4 will all satisfy this criterion because they include treatment, thus reducing toxicity
of the landfill wastewater.

4.4.3.3 Short-Term Effectiveness

Alternatives 2 through 4 will satisfy the short-term effectiveness criterion. Alternative 2, Managed
Discharge/Treat, will be immediately effective for landfill wastewater that meets discharge limits and can
be discharged without treatment and then later when the LWTS is built. Alternative 4, Treatment at OF200
MTF, will involve construction of treatment and pre-treatment facilities, but will be effective upon
treatment system startup. Alternative 3, Treatment at the PWTC, will be effective immediately on a
temporary basis for landfill wastewater because it is a current, ongoing process, and permanently when
pre-treatment is completed.
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4.43.4 Implementability

Alternatives 2 through 4 will be technically feasible to implement and will be performed using standard
construction equipment and techniques. Services and materials required for implementation of all action
alternatives will be readily available. Alternative 2, Managed Discharge/Treat, will be the easiest to
implement because existing facilities will be used initially, a treatment system will not be required
immediately. Alternatives 3 and 4 will be more difficult to implement. Alternative 4 will require
construction of the OF200 MTF and pre-treatment facilities, as well as trucking or construction of a pipeline
to move the landfill wastewater to the site. Alternative 3 will utilize the existing PWTC with pre-treatment
but will also require continued trucking or construction of a pipeline to move the landfill wastewater to the
site. If additional contaminants appear in the landfill wastewater in the future, Alternative 2 will have the
greatest flexibility to implement additional processing capability.

Alternatives 2 through 4 will satisfy the need for administrative implementability. All of the required
documents are conventional CERCLA documents with which DOE has extensive experience. All
alternatives will require approval of the EMDF ROD and implementing documents and revision of the
EMWMF ROD and implementing documents. Alternative 3 will require additional revisions for the facility
WAC and NPDES permit. Alternative 4 will require revisions to the UEFPC ROD and OF200 MTF
implementing documents.

Alternatives 2 through 4 will be adaptable. Alternative 2 will have the most flexibility to address
uncertainties in flow and future COCs through use of a modular approach for treatment to allow treatment
units to be added, modified, or removed as the landfill wastewater contaminants change. Alternatives 3 and
4 are less adaptable; however, the pre-treatment facilities will be modular, which will facilitate
modifications. Based on future treatability studies, the ability of Alternatives 3 and 4 to treat other COCs
may be determined, which will also facilitate modifications.

4435 Cost

Cost estimates are used in the CERCLA evaluation process to eliminate alternatives that are significantly
more expensive than competing alternatives without offering commensurate increases in performance or
overall protection of human health and the environment. The cost estimates are preliminary estimates with
an intended accuracy range of +50 to -30 percent. Final costs will depend on actual labor and material costs,
actual site conditions, productivity, competitive market conditions, final scope, final schedule, final
engineering design, and other variables. Table 8 presents the estimated capital, annual O&M, and total
present value costs for each alternative. Alternatives 3 and 4 with trucking will be the most expensive
alternatives with present values of approximately $110 million. Alternative 2 will be the least expensive
alternative with a present value of approximately $14 million.

4.4.4 lrreversible and Irretrievable Commitment of Resources

None of the action alternatives will have significant irreversible and irretrievable commitment of resources.
Alternative 2, Managed Discharge/Treat, will have the least because there will be no treatment system
involved initially. However, the LWTS may require mitigation of sensitive resources. Alternatives 3 and 4
will be similar because they will require landfill wastewater treatment systems for the entire time and
associated energy requirements. The use of trucks or pipelines to transport the landfill wastewater for
Alternatives 3 and 4 will increase energy requirements. Alternatives 3 and 4 will remove the landfill
wastewater from Bear Creek with possible impacts to aquatic organisms in Bear Creek.
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4.45 Comparative Analysis Summary

Results of the comparative analysis of alternatives are summarized in Table 8. Each of the alternatives is
assigned a numeric rating for each of the criteria evaluated to assist the comparative analysis. Numeric
ratings are semi-quantitative in that, while based on objective factors and data, they incorporate some degree
of subjectivity as to the relative impact of the factors and data. The ratings are:

0—Not Applicable
1—Worst/Least
2—Worse/Less
3—Average/Neutral
4—Better/More
5—Best/Most
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Table 8. Comparative analysis of alternatives

Alternative 1: No

Alternative 2:

Alternative 3: Treat at ORNL PWTC

Alternative 4: Treat at Outfall 200 MTF

Criteria . Managed Alternative 3a: . Alternative 4a: Alternative 4b:
Action . L : L
Discharge/Treat Pipeline Alternative 3b: Truck Pipeline Truck
Protective of human Protective of human Protective of human Protective of human
health and the health and the
environment; COCs health and the environment; COCs health and the
Protective of human are treated af’ter . environment; COCs are are treated w’i th pre- environment; COCs
Overall health and the P treated after pre- P are treated with pre-
. . treatment; adaptable treatment; adaptable to
Protection of environment; to future COC treatment; adaptable to future COC chanees: treatment; adaptable to
Human Health Not protective discharge limits chanees: minimal future COC changes; minimal risk due%o ’ future COC changes;
and the met; easily anges; minor risk due to . minor risk due to the
. risk due to the . . the potential for . .
Environment adaptable to future otential for pineline potential for trucking ineline failure: potential for trucking
COC changes bo ) PIp incidents; potential PIPEHINe 1 ’ incidents; potential
failure; potential impact to Bear Creek potential impact to impact to Bear Creek
impact to Bear Creek - 1if Bear Creek aquatic o 1if
aquatic life aquatic life life aquatic life
Rating 1 5 3 3 4 4
Meets all ARARs; Meets all ARARs;
PWTC WAC and PWTC WAC and
Compliance NPDES permit will NPDES permit will Meets all ARARs; Meets all ARARsS;
with I;XRARS Not applicable Meets all ARARs have to be revised to | have to be revised to UEFPC ROD will UEFPC ROD will
accept mercury and accept mercury and require revision require revision
landfill wastewater, landfill wastewater,
respectively respectively
Rating 0 5 4 4 3 3
Effective with pre- . . Effective with pre- . .
. treatment; minimal Effective with pre- treatment; minimal Effective with pre-
Long-Term Not applicable risk from lone-term treatment; long-term risk from lone-term treatment; long-term
Effectiveness because threshold | Effective use of pi elinge ) use of trucking involves use of bi elin%e ) use of trucks involves
and Permanence | criteria not met PIp ’ risk; adaptable to future PIp ’ risk; adaptable to
adaptable to future h adaptable to future f h
COC changes COC changes COC changes uture COC changes
Rating 0 5 3 3 4 4
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Table 8. Comparative analysis of alternatives (cont.)

Alternative 1:

Alternative 2:

Alternative 3: Treat at ORNL PWTC

Alternative 4: Treat at Outfall 200

Criteria . Managed Alternative 3a: Alternative 4a: Alternative 4b:
No Action . : i . : :
Discharge/Treat Pipeline Alternative 3b: Truck Pipeline Truck
R tion of Not applicabl R tion of toxicit . .. . .. . ..
edgq onot ot applicable . . eduction of to C Y| Reduction of toxicity Reduction of toxicity Reduction of toxicity
Toxicity, Mobility, | because Reduction of toxicity | through treatment;
. . through treatment; through treatment; through treatment;
or Volume threshold criteria | through treatment requires pre- requires pre-treatment requires pre-treatment | requires pre-treatment
Through Treatment | not met treatment d P d p d p
Rating 0 5 3 3 4 4
. Minor short-term .
Minor short-term . Minor short-term
. impacts due to . .
impacts due to . impacts due to Minor short-term .
. . construction . . . Minor short-term
Not applicable construction S construction activities; impacts due to .
R activities; plant S . o impacts due to
Short-Term because activities; uses ok . plant expansion in construction activities; . e
. o L. e expansion in heavily o . . .. . construction activities;
Effectiveness threshold criteria | existing facilities . - heavily industrialized pipeline construction; .
A industrialized area; . standard construction
not met initially; standard .. . area; standard standard construction .
. pipeline construction; L . risks to workers
construction risks to . construction risks to risks to workers
standard construction
workers . workers
risks to workers
Rating 0 5 3 3 3 3
Technically and
administrativel .
. Y . Technically and
feasible; materials Technically and . . .
. . . administratively Technically and
. and services administratively . : . .
Technically and . . : feasible; materials and | administratively
.. . available; pre- feasible; materials and . . . :
administratively . . . services available; pre- | feasible; materials and
. : treatment required to | services available; pre- . . .
feasible; materials . ) . treatment required to services available; pre-
. implement; WAC treatment required to . ) .
. and services . . implement; inherent treatment required to
Not applicable . and NPDES permit implement; WAC and . . . . .
available; uses . .. risk associated with implement; inherent
. because - . will have to be NPDES permit will oo . . . )
Implementability existing facilities; pipeline construction risk associated with

threshold criteria

revised; inherent risk

have to be revised;

EMWMF and . . . . ) and operation; trucking; adaptable to
not met proposed EMDF agsoglated with . 1nherent r1§k associated adaptable to future future COC changes;
CERCLA documents; | P ipeline construction | with trucking; adaptable COC changes; EMWMEF/proposed ’
casily adaptable to | 2nd operation; to future COC changes; |y rw\p/ronosed | EMDF and OF200
future COC changes | 24aptable to future | EMWMF/proposed EMDF and OF200 | MTF CERCLA
COC changes; EMDF CERCLA MTF CERCLA documents
EMWMF/proposed documents documents
EMDF CERCLA
documents
Rating 0 5 3 3 4 4
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Table 8.

Comparative analysis of alternatives (cont.)

Alternative 1:

Alternative 2:

Alternative 3: Treat at ORNL PWTC

Alternative 4: Treat at Outfall 200

Criteria . Managed Alternative 3a: . . Alternative 4a: Alternative 4b:
No Action Discharge/Treat Pipeline Alternative 3b: Truck Pipeline Truck
Capital = $14 Capital = $20 .
Capital = $17 ita] = ita] =
oL | O&M=SISvear | O&M=SL8year | ol Capital = $22 Capital = $17
Not applicable during operation and | during operation and . }21 1 & O&_M =81.8/ year O&M = 34/ year
Cost ($million) because | ocire closure operation and closure during operation and | during operation and
threshold criteria O&M = $0.4/year closure closure
not met O&M = $0.3/year O&M = $0.3/year durine post-closure
during post-closure during post-closure Ep O&M = $0.3/year O&M = $0.4/year
Present Value = $48 | Present Value = $61 Present Value = $110 during post-closure during post-closure
Present Value = $63 Present Value = $110
5 = Capital 3 = Capital 4 = Capital 1 = Capital 4 = Capital
Rating 0 5=0&M 3=0&M 1 =0&M 3=0&M 1 =0&M
5 = Present Value 3 =Present Value 1 = Present Value 3 =Present Value 1 = Present Value
Minor energy
zzggérizgzn‘si th Minor energy Minor energy Minor energy
Minor energy requirements associated | requirements requirements
requirements PWTC pre-treatment with PWTC pre- associated with pre- associated with pre-
Irreversible and | Not applicable 4 facility construction P P P

associated with and

treatment facility

treatment facility

treatment facility

Irretrievable because .. and operation; . . .
. o sensitive resource construction and construction and construction and
Commitment of | threshold criteria | . moderate . . .
impacts for LWTS . operation; moderate operation; moderate operation; moderate
Resources not met . construction and . . .
construction and . energy requirements for | energy requirements energy requirements
. energy requirements . ST .
operation for piveline: removes trucking; removes water | for pipeline; removes for trucking; removes
pip ? from Bear Creek water from Bear Creek | water from Bear Creek
water from Bear
Creek
Rating 0 5 1 3 3 2




This FFS assumes that landfill wastewater quality and quantity will vary over time. Therefore, adaptability
to manage these changes is the key criterion in determining the recommended alternative. Alternatives 3b
and 4b are eliminated from further comparison because they are difficult to implement and have high
present values. Table 9 provides a comparison of the remaining alternatives for adaptability, along with the
major assumptions and cost.

Table 9. Analysis of alternatives for future water quality changes

Capital
Alternative Summary evaluation cost/present value
($million)

2 - Managed Altemat.ive can bs? implemented immediately; $14/$48
Discharge/Treat meets .dlscharge limits; easy to adapt to

changing COCs.
3a - Treat at PWTC, Irpmc?diate capital cost§ required for the $20/$61
transport by pipeline p1pehne,. pre-treatment; less adaptable than

Alternative 2
4a - Treat at OF200 Immediate capital costs required for the $22/$63
MTF, transport by pipeline and pre-treatment; less adaptable than
pipeline Alternative 2
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BEAR CREEK BURIAL GROUNDS ANALYSIS

A feasibility study is being conducted to determine the optimum approach for managing wastewater
generated as a consequence of hazardous/radioactive landfill operations located on the U.S. Department of
Energy (DOE) Oak Ridge Reservation (ORR) west of the Y-12 National Security Complex (Y-12). There
are several major landfills currently located or planned for this area. The Environmental Management Waste
Management Facility (EMWMF) is currently operating to provide disposal services for contaminated waste
materials being generated as a consequence of ORR demolition and remediation projects. An additional
facility to be constructed adjacent to EMWMEF for the same purpose, the Environmental Management
Disposal Facility (EMDF), will also require water management capability. The Bear Creek Burial Grounds
(BCBQG) is a disposal area that is no longer operating, but has been used in the past to dispose of hazardous
and radioactive materials, and currently generates leachate for collection and treatment. There are additional
uncontrolled releases of dissolved uranium from BCBG that must be considered for collection and
treatment. This analysis is being performed to evaluate the feasibility of a combined solution that addresses
all wastewater sources from EMWMEF, future EMDF, and BCBG.

EMDF will be located in the same vicinity as the existing EMWMEF and is expected to produce leachate
that is similar in composition to EMWMEF, with the notable exception of mercury that will be present at
higher concentration in EMDF leachate. The proximity of EMDF will be close enough to allow for shared
infrastructure for leachate collection and management. Consequently, a combined wastewater management
solution for these two facilities is considered feasible and appropriate. EMWMEF currently transports
leachate to the Oak Ridge National Laboratory Process Waste Treatment Complex by tanker where it is
combined with other wastewaters for processing and discharge to White Oak Creek via an existing
permitted outfall. Contact water, generated separately at EMWMF and consisting of stormwater that comes
into contact with waste materials at the working face of the landfill, is collected and analyzed to verify
discharge criteria are met prior to release to a stormwater retention basin. Contact water exceeding discharge
criteria is transported to the PWTC for treatment and discharge

BCBG is located west of EMWMEF at a distance of roughly 3000 ft (Fig. A.1) and was historically used for
disposal of radiologically and chemically contaminated wastes generated primarily by Y-12 operations. The
source and type of waste materials disposed at BCBG are significantly different from those being disposed
or planned for disposal at EMWMF and EMDF. BCBG consist of several principal waste disposal units
designated as BCBG Unit-A, -B, -C, -D, -E, -J, and Walk-in Pits. Each waste disposal unit consists of a
series of trenches used for disposal of liquid and solid wastes. Contamination in these disposal units include
depleted uranium, shock-sensitive acids (e.g., picric acid), chromic acid, various organic solvents,
polychlorinated biphenyls (PCBs), beryllium, chromium, thorium, and other radionuclides (DOE/OR/01-
2382&D1, Focused Feasibility Study for the Bear Creek Burial Grounds at the Y-12 National Security
Complex).
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Fig. A.1. BCBG Waste Disposal Unit locations.

Disposal activities at BCBG ended in 1993, and several of the BCBG waste units have been closed under
requirements of the Resource Conservation and Recovery Act (RCRA), including construction of
multilayer caps. In 1989, a leachate collection system was installed in the North Tributary (NT)-7 catchment
to intercept seepage from Unit A-North. A second leachate collection system was installed in the NT-8
catchment in 1993 to collect water from several seeps in this area. These leachate collection systems and
associated storage comprise the Leachate Storage Facility (LSF). Collected leachate at the LSF is currently
transported by tanker to the Y-12 Groundwater Treatment Facility (GWTF) for treatment and discharge
through a permitted outfall. It has been determined; however, that there are additional uncontrolled releases
of contaminated water from BCBG that contribute significant releases of dissolved uranium and other
contaminants to surface water at NT-8 (DOE/OR/01-2638, 2014 Remediation Effectiveness Report for the
U.S. Department of Energy Oak Ridge Reservation, Oak Ridge, Tennessee).

As seen in the figure, several BCBG disposal units have not yet been remediated or capped. A Focused
Feasibility Study (FFS) was written in 2008 (DOE/OR/01-2382&D1) to address remediation of these
BCBG disposal units under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA). A future Record of Decision (ROD) is planned to develop a tri-party agreement regarding the
approach for remediation of this area. Due to current issues associated with water-borne uranium being
released from BCBG into NT-8, this analysis considers the feasibility of incorporating the management of
BCBG-contaminated water along with EMWMF/EMDF wastewater.

Existing BCBG Leachate

The existing BCBG water collection and storage system for contaminated groundwater, the LSF, (see
Fig. A.2) was built as part of the RCRA closure activities at BCBG. Leachate is collected from two locations
at BCBG:
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e BCBG NT-7: The leachate gravity flows from the burial grounds north of Tributary 7 into a holding
tank and is pumped into the LSF.

e BCBG NT-8: The leachate gravity flows from underground Seeps 3 and 4 of C-West Burial Ground,
Seep 2 of C-East Burial Ground, and the underground slope of C-West into a holding tank and is
pumped into the LSF.

The LSF provides a gravity separator and storage tanks. The leachate collected from Tributary 7 area is
primarily contaminated with depleted uranium, PCBs, VOCs, and iron whereas Tributary 8 area leachate
contains depleted uranium, PCBs, volatile organic compounds (VOCs), lithium, iron, and moderately high
sediment levels. The leachate carries the RCRA Hazard Code F039 waste (Y/ER-188, Focused Feasibility
Study Report for the Bear Creek Burial Grounds Leachate Collection System Project at the Oak Ridge
Y-12 Plant, Oak Ridge, Tennessee).

Fig. A.2. Leachate Storage Facility.

GWTF (see Fig. A.3) receives tanker trucks from the LSF and also receives wastewater from the East
Chestnut Ridge Waste Pile in 300-gal bulk containers for processing. Other contaminated groundwater
seeps or other wastewaters appropriate to this treatment system may also be treated at this facility. After
treatment, the water is discharged to Upper East Fork Poplar Creek through a National Pollution Discharge
System permit. The facility operates 4 days a week, 10 hours per day. Contaminants of concern (COCs)
include uranium-235 and -238, technetium-99, PCBs, VOCs, and beryllium. Unit operations include air
stripping and activated carbon columns to remove contaminants. It operates at a nominal 25 gal per minute
(gal/min) and an average of 2.1 million (M) gallons is treated annually, depending on rainfall. A continuous
treatment of this volume would result in an average of 3 to 4 gal/min flow rate.
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Fig. A.3. GWTF located in Bldg. 9616-7.

Bear Creek Uranium Flux Issue

Uranium contamination is a primary concern in Bear Creek. Uranium migration continues to be an issue,
as noted in a review of past Remedial Effectiveness Reports (RERs), and specifically, the most recent RER
(DOE/OR/01-2638). See Table A.1 for a summary of uranium flux in Bear Creek over time as given in the
2014 RER. More recently (2009 and later), the flux has increased more dramatically. The uranium measured
at Bear Creek Kilometer (BCK) 9.2 in Zone 2 (see Fig. A.5) currently exceeds the ROD goal of 34 kg/year
by about a factor of four. As shown in Fig. A.1, three tributaries (NT-6, NT-7, and NT-8) drain the BCBG
area and flow into Bear Creek. NT-8 contributes heavily to the uranium flux migrating into Zone 2, at up
to approximately half the total flux passing BCK 9.2. As noted in the RER, the NT-7 uranium flux of 1 to
2 kg per year in recent years has not been very significant, and NT-6 is not mentioned as a notable
contributing factor to the contaminant load of Bear Creek. This information is corroborated by the fact that
NT-7 is now mostly an engineered ditch with an existing groundwater seepage collection system, and that
groundwater flow tends to flow towards the southwest and away from NT-6.
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Table A.1. Uranium flux at flow-paced monitoring locations in BCV watershed (Table 4.7 from 2014 RER)

Fiscal year | BCK9.2 | SS-6 NT-8 o NT-3 Ty ?Xuenr%%f
(in.)
2001 88.7 172 - - 79.9 245 45.9
2002 1202 131 - 158.2 62.8 254 52.7
2003 165.4 123 - 87.0 46 443 73.7
2004 1150 95 - 453 12 273 56.4
2005 115.4 11 - 39.8 41 403 58.9
2006 68.5 - - 252 17 213 46.4
2007 59.5 - - 126 158 36.8
2008 73.2 - 279 159 23.0 493
2009 1477 116 4330 272 32.9 62.5
2010 1189 9.9 61.0 325 145 33.9 55.8
2011 1087 9.1 40 36.7 16.3 37.8 59.2
2012 1149 92 433 454 136 32.9 61.75
2013 1223 95 64.0 476 223 4023 63.73
ROD Goals: 34 43 27.2

Bold values indicate the Record of Decision for the Phase 1 Activities in Bear Creek Valley at the Oak Ridge Y-12

Plant, Oak Ridge, Tennessee (DOE/OR/01-1750&D4) goal for uranium flux has not been met.

#Goal attained; flux monitoring discontinued in FY2007 and reinstituted in FY2010.

b Uranium isotope mass balancing at BCK 9.2 suggests NT-8 contributed about 60 kg in FY2009. Approximately 17 kg
infiltrated into karst seepage pathways upstream of the NT-8 flume.

BCK = Bear Creek kilometer
BCYV = Bear Creek Valley
FY = fiscal year

kg = kilograms

NT = North Tributary

ROD = Record of Decision
SS = surface spring
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Per the 2008 BCBG FFS, tributaries NT-6, -7, and -8 are usually dry during the periods in the late summer
and early fall. Base flow in each stream reaches a maximum between December and April, and peak storm
flow for each tributary ranges from 900 to 27,000 gal/min. A more recent examination of flow in NT-8
alone indicates a wet season base flow of about 10 gal/min.? Figure A.5 provides graphics of current NT-8
maximum and base flows. The NT-8 flow is measured from the RER monitoring flume just past the point
in NT-8 where east and west branches merge to form a single stream channel. Figure A.S demonstrates the
highly variable flow rates that occur at the NT-8 flume. As seen in the top graph of Fig. A.5, flow rates
have exceeded 1000 gpm, with rates over 5000 gpm on record. The bottom graph in Fig. A.5 clearly
demonstrates that the creek is often dry during summer months. If NT-8 was targeted for treatment to reduce
the Bear Creek uranium flux, a complex collection system and large equalization tanks would be required
to provide a constant flow for processing. To reduce the flow to a more manageable rate, further
investigation of the source of the existing contaminant issues at BCBG was completed and is discussed in
the following section.

Proposed Collection of Additional BCBG Wastewater

As described above, NT-8 appears to contribute a significant portion of the uranium flux in Bear Creek.
Additional sampling data and field investigation has been performed at the BCBG area since the issuance
of the 2008 BCBG FFS. The fiscal year (FY)2008 RER identified the need to install a continuous flow
monitoring station in NT-8, since the ungauged uranium input at BCK 9.2 was increasing and uranium flux
attributable to NT-8 had not been quantified since the Bear Creek Valley Remedial Investigation
(DOE/OR/01-1455/V1-V4&D1, Report on the Remedial Investigation of Bear Creek Valley at the Oak
Ridge Y-12 Plant, Oak Ridge, Tennessee). The FY2009 RER reported that a new monitoring station
demonstrated that NT-8 was contributing high levels of uranium to the watershed. As part of the FY2011
RER, a recommended action was identified to document the discharge of contaminants along NT-8 in order
to determine where contaminants were entering the stream. Uranium, VOCs, and PCBs were listed as being
of greatest concern. A secondary recommendation of the FY2011 RER was to review the engineering
design, operational records, and system performance of the existing non-CERCLA groundwater seepage
collection system in the NT-8 headwaters (associated with BCBG D-West). The secondary
recommendation was deferred, but the investigation of NT-8 surface water was carried out and the results
discussed in the FY2012 RER. Ten transects were examined along NT-8, starting from the NT-8 RER
monitoring flume and moving north towards the buried waste. It was determined that the eastern branch of
NT-8 was the principal source of uranium, with the highest concentrations occurring near the intersection
of the fence line and the eastern branch of NT-8 (near C-West). Historical data collected from the area
indicated dissolved uranium-238 concentrations at this location were as high as 1230 pCi/L. The eastern
branch of NT-8 was also determined to be a significant source of PCBs. VOCs were highest near the
confluence of the eastern and western branches of NT-8.

Knowledgeable subject matter experts have suggested that an interceptor trench located perpendicular to
NT-8 East branch (see Fig. A.6) along the fence line could capture groundwater that likely contains some
of the highest uranium concentrations, prior to its combining with surface water in NT-8. This interceptor
trench would be 8- to 10-ft deep and entail a French drain collection system with a downgradient slurry
wall barrier along the fence line next to C-West. The trench would include a cap to shed stormwater and
would connect with the existing LSF collection system.

’Data for BCK 9.2 and NT-8 flow, taken from Oak Ridge Environmental Information System (OREIS), April 2014.
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Fig. A.5. Proposed interceptor trench at BCBG.

This approach to collecting BCBG wastewater for treatment, however, would require additional data and
engineering to evaluate the feasibility and cost. Data gaps include information that would require somewhat
extensive investigation, for example:

e Depth to bedrock in order to determine collection trench size

e Flow information to determine collection trench dimensions, collection pipe size, the need for a
booter pump, and storage needs

e Potential modifications to the existing GWTF to manage higher volumes of water

e More specific contaminant information (e.g., dissolved versus particle-bound contaminants)

Management of Additional BCBG Wastewater

Collecting the intercepted groundwater prior to combining with surface water would greatly reduce the
volume of water to be treated and the associated cost of water management systems. Based on an anticipated
continuous flow of less than 10 gal/min, this intercepted groundwater flow could be managed by
incorporating it with the existing LSF collection system. It could be transferred to and treated at the GWTF
along with the current BCBG leachate or could be stored at the LSF and considered for incorporation into
the EMWMEF/EMDF water management FFS alternatives.

Connecting this intercepted groundwater flow to the existing LSF collection system would be straight
forward. Transfer (currently trucking) to the existing GWTF and frequency of batch treatment operations
would increase, but the combined flow would not likely exceed the current system treatment capacity. The
COCs are the same as those currently managed by the GWTF. Considering drainage areas and speaking
with subject matter experts, the NT-8 interceptor trench would probably double the flow that is currently
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being collected at the LSF. The current system focuses on collection of seeps instead of a continuous trench
that would be required for protecting the eastern branch of NT-8. However, as previously discussed, the
design flow of the GWTF is nearly a factor of ten higher than the current average flow processed by the
system. Treating the additional flow would result in more frequent trucking/transfer and batch treatment
campaigns.

Although the anticipated flow collected by this trench system would be manageable within an
EMWMEF/EMDF wastewater analysis, contaminants must also be considered, and would necessarily need
to be a subset of those contaminants that will be managed under the EMWMEF/EMDF water management
alternative. PCBs, F039-listed solvents, and uranium are the main COCs for BCBG. Uranium is also an
expected COC for the EMWMF/EMDF; however, PCBs and F039-listed solvents have not been identified
as COCs. Treatment of PCBs and F039-listed solvents would require additional RCRA considerations
(requirements in terms of design and construction) and would greatly increase the cost of secondary waste
disposal. Due to the F039-listed components, the secondary wastes from the EMWMF/EMDF leachate
treatment system would also be listed with this constituent. Consequently, the secondary wastes would
require additional processing and disposal at an offsite disposal facility as a mixed RCRA/radioactive waste
material and could not be considered for return to either disposal facility since neither facility accepts listed
wastes. The existing GWTF currently manages these constituents and there would be no need to alter
current disposal practices. It would therefore be advantageous to collect, transfer, and treat the NT-8
intercept trench water along with the current BCBG leachate stream at the GWTF.

Rough order-of-magnitude costs for the management of BCBG wastewater as proposed, via an interceptor
trench, incorporating a slurry wall and cap, have been determined. These costs are summarized in Table
A.2. Additional costs have not been delineated but are noted as applicable.

Table A.2. Cost of proposed methods for capture of BCBG contaminated water management

Proposed method ROM cost Issues

Interceptor trench, slurry wall, e $1.4 M (interceptor trench, slurry wall, | e Data gaps remain

cap, collect and treat with cap)

existing BCBG leachate stream | o Additional cost to tie into existing

at GWTF BCBG leachate collection at LSF

o Additional transfer/operations costs at
GWTF

Interceptor trench, slurry wall, ¢ $1.4 M (interceptor trench, slurry wall, | e Data gaps remain

cap, collect and manage with cap) e COCs outside of envelope of

EMWMEF/EMDF stream ¢ Additional cost to tie into existing those to be treated for
BCBG leachate collection at LSF EMWMEF/EMDF

o Additional cost to transfer/tie into
EMWMEF/EMDF treatment

e Additional capital costs for increased
design flow and COC treatment

¢ Additional permitting and operating
costs for management of combined
wastewater as F039-listed waste
(projected to be a high cost)




As shown in Table A.2, treatment by the currently utilized method (e.g., collection within the LSF system,
trucking to the GWTF for treatment) would be a more cost-effective solution as opposed to combining the
management of the waters with EMWMF/EMDF waters. Details of the cost estimate for the interceptor
trench, slurry wall, and cap are given in Fig. A.7.

Fig. A.6. Detailed cost information for interceptor trench, slurry wall, and cap for BCBG.
Conclusions

This analysis indicates that the solution to address wastewater sources from EMWMEF, future EMDF, and
BCBG involves combined processing of EMWMF and EMDF wastewaters and treatment of BCBG
wastewater separately. While the projected volume of BCBG wastewater to be treated would be capable of
being managed within a future EMWMF/EMDF alternative, the list of COCs for BCBG wastewater
precludes treatment with the EMWME/EMDF wastewater. Listed F039 solvents and PCBs are not
contaminants identified as requiring treatment for the EMWMF/EMDF wastewater. Additional equipment
and operating costs to treat BCBG wastewater in combination with EMWMEF/EMDF wastewater are
projected to be much greater than the cost of processing BCBG wastewater at GWTF. Additionally, the
wastewater would require transport by truck (or pipeline) from the LSF to a location for incorporation into
a “new” EMWMF/EMDF option. Negative impacts, such as increased capital cost, increased complexity
in terms of contaminants requiring treatment, and increased waste disposal costs are identified by
incorporating a BCBG leachate waste stream into the EMWMF/EMDF wastewater management analysis.

A preferred solution would involve constructing an additional trench at BCBG to intercept contaminated
groundwater entering NT-8 and transfer it to the existing LSF. The flow of the collected water would be
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within the existing capacity of the GWTF that currently processes leachate collected at the LSF.
Additionally, the COCs to be addressed are the same as those currently managed by GWTF.

Treat The CERCLA action to be evaluated in this FFS is the treatment of EMWMF and EMDF leachate/contact water.
EMWM F/EM DF DOE agreed to also evaluate the feasibility of treating BCBG contaminated water within this study. The
evaluation should look at the feasibility of incorporating treatment of BCBG contaminated water, but the focus
waste water stays on the treatment of EMWMF and EMDF leachate/contact water. If it is practical to incorporate treatment
for BCBG water, it would be carried through to the treatment options as shown in the flow diagram. The first
step is to ask, is BCBG waste water already treated? If so, is there a cost/risk or other technical advantage to
co-processing this waste water with the EMWMF/EMDF? If so, the practicality of incorporating this waste
stream is judged in two steps: (1) can the volume be managed within the confines of the treatment (e.g., the
BCBG portion should not become the driver for selecting the “size” of the treatment) and (2) can the COCs be

BCBG ‘waste streams’
(leachate & NT-8)

Do any COCs Yes Include BCBG managed within the confines of the treatment processes (e.g., can the COCs be removed/reduced by the
exceed AWQC processes proposed for the EMWMF/EMDF COCs). If any of these points are not met, the practicality of
and/or SOF? waste water? incorporating BCBG water treatment is outside the scope of the EMWMF/EMDF CERCLA treatment remedy.

BCBG Leachate

Is there existing Yes No,

risk advantage to co-

treatment for the
BCBG processing BCBG with PO not treat BCBG
waste EMWME with EMWMF/EMDF
No water?
L /EMDF?
Direct
Discharge
A\ 4
Is additional flow Are COCs Evaluate .
a reasonable portion of same and/or can treatment'opnons
flow compared to be treated by for Defined
EMWMF/EMDF? same processes? Waste Stream
Acronyms A
AWQC =Ambient Water Quality Criteria
BC = Bear Creek
BCBG = Bear Creek Burial Grounds

CERCLA = Comprehensive Environmental Response
Compensation and Liability Act

coc = Contaminant of Concern No, No,

EMDF = Environmental Management Disposal Facility Do not treat BCBG Do not treat BCBG

EMWMF = Environmental Management Waste with EMWMF/EMDF with EMWMF/EMDF
Management Disposal Facility

FFS = Focused Feasibility Study

NT = North Tributary

SOF =Sum of Fractions

Fig. A.7. Flow sheet for determining the scope of the EMWMF/EMDF FFS.
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APPENDIX B.
CONTACT WATER AND LEACHATE FLOW RATE
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B.1 General Approach

The flow rates used in the focused feasibility study (FFS) were calculated with input from the
Environmental Management Waste Management Facility (EMWMF) HELP model, the historical flow rate
data, and the existing water balance that takes into account interim storage in tanks and ponds and the effect
of varying water transfer rates. The historical data and HELP model output are useful in pointing to a range
of values that are worth considering, but do not provide the precision required to calculate the future
processing rates. Therefore, the water input was determined from a combination of HELP and historical
data. The water balance was then used to evaluate the impact from changing storage volumes, transfer rates,
and storm recurrence intervals to evaluate the risk of spillage from the system of storage units. The water
storage requirement is provided in Appendix H.

B.2 Considerations When Using HELP Model Analysis Validated Against Historical Data
to Establish Water Processing Rates

HELP Model Limitations:

It is difficult to model all variations in cover conditions that are possible during active cell operations. The
enhanced operational cover and large areas with compacted, low permeability clay above waste that still
shed water into the active cells likely result in more rainfall becoming contact water than HELP would
forecast.

HELP modeling does not usually attempt to account for the large, multi-day, storm events that generated a
tremendous amount of water. A good example is the 8.66 inches of rain that fell over the Labor Day
weekend in 201 1. That storm exceeded the 100-year, 24-hour storm by 2.16 inches. Another example is the
9.54 inches of rain that fell between February 14-16, 2003, exceeding the 100-year, 24-hour storm by
slightly over 3 inches.

HELP does not account for storage of stormwater runoff (i.e., contact water) nor does it accurately account
for the delay/damping of the peak leachate generation as the water percolates through the waste mass and
into the collection system.

Comparison of HELP model predictions of leachate and contact water quantities to the measured volumes
provides inconclusive results. Leachate predictions are generally more accurate than contact water and
typically are higher than actual quantities. Contact water appears to be under-predicted by HELP, except
for the larger storms (such as the 100-year, 24-hour storm) where the model significantly over-predicts the
volume.

The EMWMF HELP modeling scenarios assume that as cells reach their final waste placement grades, the
cells are quickly placed into a cover situation that diverts most of the precipitation out of the cell to the
stormwater collection system. Although progress is being made, EMWMEF has not been able to fully
establish this cover to match the model’s aggressive assumptions, resulting in contact water volumes that
typically exceed the model-predicted values.

Actual Data Limitations:

Actual data can be misleading because measured values are only recorded when someone is onsite to do
so. Thus, amounts of rainfall and leachate generated often represent the net total for a 3-day period (or more
if a holiday weekend is involved).
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When comparing to predicted quantities of leachate or contact water, the actual values are substantially
influenced by storage and infrequent closures of the Leachate Collection System valves. This has the effect
of reducing or damping the daily volumes to levels the existing water management system can
accommodate.

Water inputs and outputs to leachate storage tanks, contact water ponds, and contact water tanks are
monitored daily with good precision; however, the water level changes in the catchments is only monitored
weekly or subsequent to large storm events. While there is no true daily record of contact water input to the
catchments, the measured output from the catchments is recorded. The output volume is essentially equal
to the input volume minus the fraction that evaporates or infiltrates the leachate system. As a result and as
shown in Table B.1, leachate volumes are lower than the HELP model predicts, and contact water volumes
are higher than the HELP model predicts.

Table B.1. Actual vs. HELP model leachate quantities (2004—2009)

Peak day generation rate

Actual volume (gal/day) 56,300
Projected volume - rainfall adjusted (gal/day) 62,532
Percentage of actual to projected (%) 90
Average month generation rate

Actual volume (gal/mon) 166,294
Projected volume - rainfall adjusted (gal/mon) 320,698
Percentage of actual to projected (%) 52
Wettest month generation rate

Actual volume (gal/mon) 412,600
Projected volume (gal/mon) 549,300
Percentage of actual to projected (%) 75

Table B.2. Actual vs. HELP model contact water quantities (2004-2009)
(Note: In this analysis all stormwater runoff is included with contact water.)

Peak day generation rate

Actual volume (gal/day) 490,000
Projected volume - rainfall adjusted (gal/day) 1,516,859
Percentage of actual to projected (%) 32
Average month generation rate

Actual volume (gal/mon) 593,409
Projected volume - rainfall adjusted (gal/mon) 837,200
Percentage of actual to projected (%) 71
Wettest month generation rate

Actual volume (gal/mon) 2,101,400
Projected volume (gal/mon) 995,000
Percentage of actual to projected (%) 211
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Flow Rate Estimates

The following likely situations were evaluated for the Cell 6 Remedial Design Report and are used in the

FFS flow rate calculations.

Table B.3. Landfill situation descriptions used in Cell 6 RDR HELP model calculation

Situation Landfill layer descriptions
A—New cell New cell with minimum waste plus water catchment
B1—Working face with 10-ft layer of waste 10-ft waste at K = 5.0 x 10E-4 cm/s
B2—Working face with 30-ft layer of waste 30-ft waste at K = 5.0 x 10E-4 cm/s

C1—Operational cover with 40-ft layer of waste 0.25-in. Posi-shell cover at K = 5.8 x 10E-6 cm/s
1-ft operational cover at K = 5.0 x 10E-6 cm/s

40 ft of waste at K = 5.0 x 10E-4 cm/s

C2—Operational cover with 70-ft layer of waste 0.25-in. Posi-shell cover at K = 5.8 x 10E-6 cm/s
1-ft operational cover at K =5.0 X 10E-6 cm/s

70 ft of waste at K = 5.0 x 10E-4 cm/s

The EMWMEF Help model was then used with the above scenarios to develop leachate and contact water

generation rates.

Table B.4. Leachate and contact water generation rates from EMWMF HELP Model

average for Cells 1-6 from prior analyses (Cell 6 RDR HELP calculation)

ol ey ey "ot Ve et
Situation Leachate CcwW Leachate CW Leachate CW Leachate CW
A 1,198 22,311 44 255 78 288 127 473
Bl 1,235 17,175 212 76 305 76 501 125
B2 1,234 17,175 212 76 313 76 514 125
C1 480 22,719 14 328 44 374 72 615
C2 487 22,719 14 328 44 374 72 615

Peak day data based on 100-yr, 24-hr storm of 6.5 in.

Average month data based on 100 years of HELP model synthetically generated data
Wettest month data based on 5.72-in. rain

Max month data based on 9.39 in. of rain (avg. of highest single month rain over period)
Ac = acre

CF = cubic feet

CW = contact water
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These data were then used to simulate the conditions where EMWMEF Cells 5 and 6 were open concurrently
with Environmental Management Disposal Facility Cell 1, the base case for the FFS evaluations.

Table B.5. Base case modeling scenario

Active
cells/condition
EMWMF Cell 5
Situation B2
EMWMF Cell 6
Situation B2
EMDF Cell 1
Situation A

Totals
Converting to
gal/day

Converting to
gal/min
leachate + CW
gal/min

Cell
area
(acres)
6.0
5.3
6.2

17.5

Peak day (CF/day)
Leachate CW

7,404 103,050
6,479 90,169
7,440 138,551
21,322 331,770
159,489 2,481,640
111 1,723
1,834

Average month

(CF/day)
Leachate CW

1,272 456
1,113 399
273 1,584
2,658 2,439
19,884 18,240
14 13

26

Wettest month
(CF/day)
Leachate CwW
1,878 456
1,643 399
484 1,788
4,006 2,643
29,962 19,77
3
21 14
35

Max month
(CF/day)
Leachate CwW

3,084 750
2,699 656
789 2,937
6,571 4,344
49,152 32,49
0
34 23
57

CF = cubic feet
CW = contact water

The resulting flow rates were then used in the FFS as follows:

e  Average flow rate was rounded to 30 gpm

Maximum month flow rate was rounded to 60 gpm and was used as the design basis in the FFS as a
conservative measure, given the uncertainty in the flow rates.
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APPENDIX C.
EXPLANATION OF HOW THE KEY CONTAMINANTS OF CONCERN
WERE DEVELOPED
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C1 METHODOLOGY

The Environmental Management Waste Management Facility (EMWMF) approach taken was to first
compile the available data, then to qualitatively evaluate these for abundance in the waste lots, mobility,
stability, and persistence in EMWMEF and the surrounding environment, and potential risk concern.
Following compilation and initial evaluation, the key contaminants of concern (COCs) were selected.

For the last several years, almost all of the waste disposed at EMWMF consists of waste lots from the
East Tennessee Technology Park (ETTP—now known as the Heritage Center) site, with similar
contaminants. Waste lots from the Heritage Center are expected to continue for several years as
remediation activities are completed. Therefore, the last two years of data were analyzed to determine
which of the current analytes would require treatment if a system was installed at this time.

As remediation activities increase at the Y-12 National Security Complex (Y-12) and the Oak Ridge
National Laboratory (ORNL) sites, contaminants in the associated waste lots are expected to change and
the key COCs may change. Additional evaluation was performed on the key COCs to determine trends
and evaluate which COCs may require treatment at a future date as facilities with different characteristics
are demolished. A process was also identified and will be documented in the EMWMF Sampling and
Analysis Plan (SAP)/Quality Assurance Program Plan (QAPP) for ready evaluation of key COCs.

The following information was considered as part of this process:

e Free liquids are not allowed to be disposed at EMWMEF.

e No listed waste has been or is projected to be disposed at EMWMF. Therefore, no degreasers/solvents
are expected, such as trichloroethene and tetrachloroethene. Instead, these materials are present as a
result of intended use associated with the facilities that have been demolished and disposed at
EMWMEF, or as residual amounts in soil or debris from previously remediated leaks or spills.
Therefore, these materials may be present in minor amounts, rather than as primary contaminants.

e Wastes disposed at EMWMF must meet land disposal restrictions, minimizing the concentrations
available to potentially leach into water.

e Metals typically require a low pH environment to dissolve and be transported in water. Both the
geologic environment and the disposed waste (primarily building debris) at EMWMF are
carbonate-rich with historically higher pH levels. Therefore, many metals are not expected to dissolve
and be transported in either the surface or groundwater.

C.2 DATA COMPILATION

The EMWMF V-weir (outfall from the Sediment Basin, including contact water discharges), leachate and
contact water analytical data were compiled from the start of calendar year 2005 to the end of fiscal year
2021, over 16 years of data. The data set selected included the most sensitive detection limits and
analytical methods. These analytical data included COCs, and additional analytical data obtained by
analyzing EMWMF wastewater for analytical suites instead of for COCs identified in the waste lots. The
V-weir water analytical data are in Attachment 1, contact water analytical data are in Attachment 2 to this
appendix, and the leachate data are in Attachment 3. As shown in these attachments, the number of
analytes routinely detected is much less than the analytes that are analyzed. These data were considered in
the preliminary design of the Environmental Management Disposal Facility (EMDF) Landfill Wastewater
Treatment System (LWTS).
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C3 DATA EVALUATION

Following data compilation, the analytes were reviewed to evaluate abundance in the waste lots disposed
at EMWMF, the contaminant mobility in water, the regulatory concern and/or risk, and other factors.

ci3l Analyte Abundance in EMWMF Waste

To determine the abundance in the waste, the number of waste lots with each analyte was compared
against the number of waste lots where the analyte was detected during characterization. This comparison
also determined that EMWMF was analyzing for many analytes not characterized in the waste. The
abundance is provided per analyte in Attachment 4, the COC winnowing table. Analytes not characterized
in the waste are indicated with a dash in the abundance table.

There have been 181 waste lots disposed to date at EMWMEF. Analytes detected in waste in 0—50 waste
lots were designated as low abundance. Analytes detected in 50-100 waste lots were designated as
moderate abundance. Analytes detected in over 100 of the waste lots were designated as high abundance.

C32 Mobility, Stability, and Persistence

Analytes were next evaluated for mobility in water, stability, and persistence. As a conservative approach,
stability and persistence were assumed to be remain constant, and mobility in the landfill environment
was expected to predict whether a contaminant could be present in the landfill water. The mobility class
for the common organic analytes was derived from Applied Hydrogeology (Fetter, C. W., 1994, Applied
Hydrogeology, Prentice-Hall, Upper Saddle River, New Jersey). The analytes specifically listed are
highlighted in Attachment 4. For the remaining analytes not listed in Fetter, the following mobility class
was assigned based upon the chemical properties:

Table C.1. Assigned mobility class for analyte families

Suffix Assng.n.ed Suffix ASS|g.n.ed
mobility mobility
class class

-hexane L -nitrile H
-ketone M -phenol H
-benzene H -chlor L
-ethene M -naphthalene L
-ethane H -amine L
-chloride H

H = high

L=Ilow

M = moderate

Asbestos has not been seen in leachate or contact water and was assigned a low mobility due to its

physical properties.

Several metals are not expected to be mobile within the landfill or within the geologic setting because of
the concrete disposed in the landfill and the carbonate-rich geologic environment. However, metals such
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as barium and cadmium are mobile in the environment and are designated as such. Chromium has a dual
mobility designation. Chrome III has a low mobility, but Chrome VI is highly mobile.

C.3.3 Potential Risk Concern

Several analytes are of greater concern because of their carcinogenic risk and/or an underlying potential
risk concern. These analytes were assigned a low, moderate, or high rating based on the level of concern.

Mercury, cadmium, and nitrogen compounds (including ammonia) are of high concern because of the
potential harm to the ecosystem. Pesticides are also of high concern because of the potential harm to the
ecosystem. In addition, certain mobile radionuclides are of high concern because of the mobility
combined with the persistence in the environment and the potential harm to the ecosystem.

Volatile organic compounds are of low concern because these are a relatively small component of the
contamination associated with the waste. No free liquids or listed waste is allowed in EMWMF, limiting
the amount to residual amounts in soil or debris from previously remediated leaks or spills. Therefore,
these are a low-risk concern.

The assigned ratings are found in Attachment 3.

C4 SELECTION OF KEY COCS

Based upon the preceding evaluation, the key COCs were identified (Table C.2) as analytes that are
present in the wastewater and are abundant in the waste, mobile in the local environment, and of high
potential risk concern. Additional water quality parameters will be monitored based on the Tennessee
Department of Environment and Conservation (TDEC) Water Pollution Control experience in assessing
industrial wastewater and recognizing reasonable potential impacts to streams in this geographical region.
For example, Total Organic Carbon (TOC) will be monitored to indicate the presence of volatile organic
compounds and semivolatile organic compounds. Additional analyses would be triggered if a significant
increasing trend is seen.

Details on the key COCs monitoring are included in the EMWMF SAP/QAPP and will be included in the
EMDF SAP/QAPP when developed.
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Table C.2. Key COCs and summary statistics for Calendar Year 2019-2021

CMC TDEC
AWQC AWQC '\é'ax Max
: ; TDEC CCC recreation above e
Analysis No. of _ _ Detected Min Max Project Fish AWQC 24% of FAL CCC | Maxabove Max
Analyte analyses/ Units Detected min. Detected max. | detection detection quantitation - Water & CMC FAL recreation
type average L o o and TDEC Fish . the above
Detects limit limit limit (MDA) . - organism/ (batch) | (cont.) ?
Aquatic and Aquatic organism DCGs 5 5 DCGs?
Life Life
(batch) | (continuous) ol
EMWMF V-Weir
METAL Arsenic, Tot + Diss 14/24 ug/L 0.71 1.62 2.9 0.33 5 5 340 150 10 No No No -
METAL Cadmium, Tot + Diss 0/25 ug/L -- -- -- 0.083 1 025&1 2.2% 0.27* - No - - -
METAL Chromium, Tot + Diss 6/24 ug/L 1.81 3.47 4.94 0.5 2.4 5 625%* 81* - No No - -
METAL Chromium, hexavalent 0/0 ug/L -- -- -- 6 6 6 16 11 No No - -
METAL Copper, Tot + Diss 7/24 ug/L 0.52 1.47 2.72 0.18 9.4 2 15% 9.9%* - No No - -
METAL Lead, Tot + Diss 8/24 ug/L 0.65 1.4 3.93 0.18 33 1 73* 2.8% - No Yes (1) - -
METAL Mercury, Tot + Diss 3/9 ug/L 0.00468 0.01 0.0113 0.0002 0.067 0.02 & 0.09 1.4 0.77 0.051 No No - -
METAL Nickel, Tot + Diss 4/24 ug/L 0.39 2.77 5 0.3 2.4 5 515% 57* 610 /4600 No No No -
METAL Uranium 18/18 ug/L 1.6 6.99 21 -- -- 5 - - - - - - -
Other Cyanide 0/3 ug/L -- -- -- 1.67 1.67 5 22 52 140 No No No -
Other Dissolved Solids 17/18 mg/L 76 155 170 34 20 2.5 - - - - - - -
Other Suspended Solids 76/83 mg/L 1.1 46 72 0.57 5.7 2.5 - - - - - - -
Other Total Organic Carbon (TOC) 3/3 mg/L 4.6 6.5 7.5 0.3 0.3 1 - - - - - - -
PPCB 4,4'-DDD 0/3 ug/L -- -- -- 0.01 0.1 0.1 - - 0.0031 - - - -
PPCB 4,4'-DDE 0/3 ug/L -- -- -- 0.01 0.01 0.1 - - 0.0022 - - - -
PPCB 4,4'-DDT 0/9 ug/L -- -- -- 0.01 0.01 0.1 & 0.05 1.1 0.001 0.0022 - - - -
PPCB Aldrin 0/9 ug/L -- -- -- 0.007 0.007 0.1 & 0.05 3 - 0.0005 - - - -
0.091 / ] ] -
PPCB beta-BHC 0/3 ug/L -- -- -- 0.007 0.007 0.1 - - 0.17 -
PPCB Dieldrin 0/9 ug/L -- -- -- 0.01 0.01 0.1 &0.24 0.24 0.056 0.00054 - - - -
RAD Todine-129 8/195 pCi/L 0.782 1.2 1.03 0.317 1.33 1 0 0 0 120 - - - No
RAD Strontium-90 151 /207 pCi/L 0.386 1.2 35.5 0.518 0.788 4&2 0 0 0 240 - - - No
RAD Technetium-99 210/210 pCi/L 8.8 423 8520 2.03 -- 10&5 5 0 0 24,000 - - - No
RAD Tritium 74 /195 pCi/L 162 505 680 239 372 300 0 0 0 4 8E+05 - - - No
RAD Uranium-233/234 210/210 pCi/L 1.53 7.2 34.1 -- -- 1&0.5 0 0 0 120 - - - No
RAD Uranium-235/236 210/ 155 pCi/L 0.14 1.24 4.06 0.278 1.14 1&0.5 0 0 0 120 - - - No
RAD Uranium-238 210/210 pCi/L 0.536 1.5 9.13 -- -- 1&0.5 0 0 0 144 - - - No
Contact Water (Ponds and Tanks)
METAL Arsenic, Tot + Diss 173 /179 ug/L 2.06 3.35 7.27 2 2 5 340 150 10 No No -
METAL Cadmium, Tot + Diss 6/179 ug/L 0.301 0.429 0.615 0.3 0.3 1 2.2% 0.27* - No Yes -
METAL Chromium, Tot + Diss 173 /179 ug/L 1.05 6.09 16.9 1 1 5 625* 81* - No No -
METAL Chromium, hexavalent 59/179 ug/L 6 8.43 16 6 6 6 16 11 No Yes -
METAL Copper, Tot + Diss 178 /179 png/L 0.574 2.84 13.4 0.3 0.3 5 15* 9.9% - No Yes -
METAL Lead, Tot + Diss 135/179 ug/L 0.5 1.4 9.09 0.5 0.5 3 73* 2.8* - No Yes -
METAL Mercury, Tot + Diss 190 /190 ug/L 0.002 0.022 0.094 -- -- 0.02 1.4 0.77 0.051 No No Yes -
METAL Nickel, Tot + Diss 91/179 ug/L 1.5 2.73 9.41 1.5 1.5 10 515* 57* 4600 No No No -
METAL Uranium 179 /179 ug/L 3.44 33.2 94.9 15 - - - - - -
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CMC

AWQC TDEC Max | Max
TDEC ccc AWQC above | above
: Min Max Project g . FAL CCC | Max above
. . . . o 96% of - Ma
AElE Analyte o, 0 Units Detected Min. 2R Detected Max. | Detection Detectio  quantitation 8N AWQC.: EEAEUOT y CMC FAL recreation X

type analyses Mean Limit n Limit limit (MDA) and TDEC Fish Water & the (batch) | (cont) o above

Aquatic | and Aquatic | organism/ | DCGs - > ' DCGs?

Life Life organism ' '

(batch) | (continuous) only
Other Cyanide 4/179 png/L 1.86 6.74 18.4 1.67 1.67 5 22 5.2 140 No Yes -
Other Dissolved Solids 177 /177 mg/L 154 381 923 -- -- 2.5 - - - - - -
Other Suspended Solids 182 /187 mg/L 1.04 14.4 77.9 582 1390 2.5 - - - - - - -
Other Total Organic Carbon (TOC) 177 /177 mg/L 24 6.9 17.4 -- -- 1 - - - - - -
PPCB 4,4'-DDD 0/179 ug/L -- -- -- 0.009 0.02 0.1 - - 0.0031 - - -
PPCB 4,4'-DDE 0/179 ug/L -- -- -- 0.009 0.02 0.1 - - 0.0022 -
PPCB 4,4-DDT 4/179 png/L 0.02 0.037 0.066 0.009 0.02 0.05 1.1 0.001 0.0022 -
PPCB Aldrin 1/179 ug/L 0.007 0.007 0.007 0.006 0.013 0.05 3 - 0.0005 -
PPCB beta-BHC 6/179 ug/L 0.009 0.017 0.046 0.006 0.013 0.05 - - 0.17 -
PPCB Dieldrin 1/179 ug/L 0.036 0.036 0.036 0.009 0.02 0.24 0.24 0.056 0.00054 No
RAD Todine-129 4/179 pCi/L 0.534 0.706 0.956 0.459 1.62 5 0 0 0 480 No
RAD Strontium-90 159/179 pCi/L 0.463 2.23 9.17 0.606 0.966 2 0 0 0 960 No
RAD Technetium-99 179/179 pCi/L 142 2247 28,500 -- -- 5 0 0 0 96,000 No
RAD Tritium 75/ 179 pCi/L 257 752 2300 238 363 300 0 0 0 1.9E+06 No
RAD Uranium-233/234 179 /179 pCi/L 4.58 24.0 124 -- -- 0.5 0 0 0 480 No
RAD Uranium-235/236 175/177 pCi/L 0.373 2.39 11.5 0.731 2.02 0.5 0 0 0 480 No
RAD Uranium-238 179 /179 pCi/L 1.45 11.7 32.5 -- -- 0.5 0 0 0 576 No

* Hardness adjusted value
Additional Water Quality Parameters

Other Hardness, as CaCO3, mg/I
Other Nitrogen, Nitrate total (as N)
Other Nitrogen, total (as N)
Other Phosphorus, total (as P)
Other TDS or conductivity
Other Total Organic Carbon
Other TSS
Other Whole effluent toxicity, both acute and chronic
Other Ammonia Nitrogen, Total as N
Other Stream flow
Other Wastewater Flow

AWQC = ambient water quality criteria

CCC = criterion continuous concentration

CMC = criterion maximum concentration

DCG = derived concentration guidelines

FAL = fish and aquatic life

MDA = minimum detectable activity

PPCB = pesticides and polychlorinated biphenyls
RAD = radiological

TDS = total dissolved solids

TSS = total suspended solids
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Additional Analysis

Each of the key COCs was evaluated over the EMWMEF operating history to determine the trends. The
data range from 2005 to 2014 was selected as the most complete, representative data set to evaluate and
provides ten years of data. Contact water and leachate are graphed separately for each analyte, with the
same axes for each analyte to facilitate the comparison between leachate and contact water. The following
data were not filtered to show only the water released. Instead, all available analyses were used, including
those from water that were treated. These graphs also indicate the changes in the analytical reporting
limits over time, particularly for the analytes with minimal detects.

The Table C.3 and Fig. C.1 show the water volumes that have been treated since 2004. As shown, no
contact water has been shipped for treatment since April 2011.

Table C.3. EMWMF contact water volume shipped by year (2005 to present)

Year

2005 Jan—Mar 660,262
2006 Sep—Dec 831,187
2007 April 274,621
2009 April-May 724,056

October 121,823
2010 May—June 1,191,035
2011 March—April 1,187,119
Total (2005-2021) 4,990,103

Fig. C.1. Contact water shipped for treatment 2004 to December 2021.
As shown in the following sections, concentrations of certain contaminants in contact water have changed

over time, particularly as the origin of the waste received has changed. This is particularly noticeable in
uranium (U) isotopes and strontium (Sr) as the origin of the waste has changed from Y-12 to ORNL to
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ETTP. The following figure reflects these changes over time and indicates the changes expected to be
seen as the origin of the waste changes in the future.

2002-2006 2007-2010 2011-2021

Old Salvage Yard, Biology
Complex, Alpha 5
ORNL | Melton Valley closure soil and University of Tennessee-Battelle | 2000 complex, including slabs

Y-12 | Boneyard/Burnyard

sediment, main plant surface Bldg. 3026, 2000 complex and soils
impoundments

ETTP | K1070A burial ground, main K-25, Zone 1 and 2, Poplar K-33, K-25, ETTP/Heritage
facilities Creek process facilities Center facilities, and soil

remediation projects

Other | David Witherspoon 901 David Witherspoon 1630

Fig. C.2. Activity of Sr-90 and uranium isotopes | EMWMF contact water—Jan. 2005 to Dec. 2021.
As shown above, prior to 2010, strontium was more prevalent in the contact water, representing the waste

streams from Y-12 and ORNL. After 2010, U-233/234 is the prevalent radionuclide, representing a
change in waste streams to primarily those originating at ETTP. U-235/236 is also more common in
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contact water prior to 2007, representing the portion of waste received from Y-12 and the

Boneyard/Burnyard.

Following completion of the ETTP remedial actions, changes in the overall landfill wastewater
concentrations are anticipated as Y-12 and ORNL waste again become the major waste lots received.
Specifically, increases in mercury and strontium concentrations are anticipated.

Arsenic

Low levels of arsenic are detected in both the contact water and
leachate. Arsenic was detected above the detection limit in 30% of
the V-weir results, 61% of contact water results, and 26% of the
leachate results. When detected, arsenic is generally below the
project quantitation level (PQL) of 5 ug/L. Arsenic is not expected
to require treatment.

Recreational ambient water quality
criteria (AWQC) — 10 ug/L
Criterion maximum concentration
(CMC) — 340 ug/L

Criterion continuous concentration
(CCC) - 150 ug/L

Contact Water
Arsenic Results
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Cadmium

Cadmium was detected in about 20% of the contact
water, 8% of the leachate results, and 9% of the results
from the V-weir. Leachate typically contains lower
cadmium than contact water. There have been no
results higher than the CMC, but there are several
instances, particularly in 2009, when results were
higher than the CCC. The PQL is somewhat higher
than the CCC; results occasionally exceed this value.
Continuous discharge is not planned for EMWMEF.
Cadmium treatment is expected if continuous
discharge is implemented at EMDF.

Recreational AWQC —n/a
Hardness corrected CMC — 2.2 ug/L
Hardness corrected CCC — 0.27 ug/L

Cadmium CW No. Detected | Min. | Max.

summary samples detect | detect
(ug/L) | (ug/L)

Total 380 73 0.08 1

(unfiltered)

Dissolved 233 36 0.105 | 1.65

(filtered)

Total 613 109

CW = contact water

The highest value of 1.65 ug/L was a filtered sample collected on 5/13/2009 from Contact Water Pond
(CWP) 2. However, this sample may not be representative of the actual water quality. The next highest
sample result was 1.0 ug/L from an unfiltered sample collected from CWP 1 on 2/8/2008, again indicating
that the highest result may not be representative of the actual water quality but resulted from suspended
sediment in the sample. The filtered sample collected from CWP 2 had a result of 0.28 ug/L. The
comparison of filtered vs. unfiltered results does not show a consistent trend. For some pairs, filtered and
unfiltered results are the same; for others, the filtered results are slightly higher; and for others, the
unfiltered results are slightly higher. However, almost all are in the 0.1 to 0.2 ug/L range.
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Chromium (total)

Historically, about 39% of the V-weir results, 91% of the contact
water, and 27% of the leachate results have been detects. Total
chrome has not been above the hardness corrected CMC but
exceeded the hardness corrected CCC 3 times in March 2011 and
15 times between December 2014 and December 2015.
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Hexavalent Chrome

Historically, about 42% of the results have been detects for contact | Recreational AWQC —n/a
water. Contact water is analyzed for hexavalent chrome (Cr-VI). There | CMC — 16 ug/L

are very few analyses from the V-weir or leachate samples, primarily | CMC — 11

because it is not needed to prove compliance with the Liquid and
Gaseous Waste Operations/Process Waste Treatment Complex waste
acceptance criteria. V-weir and leachate results, when available, show
little to no hexavalent chromium, as anticipated.

As shown in the graph below, hexavalent chrome was an issue in contact water from March 2011 through
May 2012, November 2014 through December 2016, and February 2018 through July 2018. Water with
Cr-VI results higher than the AWQC of 16 ug/L were retained in the CWPs and tanks; however, the
Cr-VI was reduced to levels at or below 16 ug/L prior to release. Additional samples were collected to
monitor the reduction and verify water was acceptable for release, resulting in the stair-step pattern on the
graph.

The Cr-VI was thought to result from disposal of gaseous diffusion facility debris at EMWMEF during this
time frame, particularly from cooling tower associated debris. However, the EMWMF operations staff
places similar debris in areas that are not impacted by accumulations of contact water to minimize
hexavalent chromium impacts, and maintains the capacity to reduce contact water when required.
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Copper

Historically, about 32% of V-weir results and | Recreational AWQC —n/a
70% of contact water results, and 48%% of the | Hardness corrected CMC — 15 ug/L
leachate results in both contact water and | Hardness corrected CCC — 9.9 ug/L

leachate have been detects. Higher copper Copper CW No. Detected | Min. T Max.
contact.water results were more preyalent in the Summary Samples detect | detect
past, with results above the CMC in January to (ug/L) | (ug/L)
March 2005, November 2007, February 2008, | [ Total 0.57
and December 2009. Since that time, there have | | (unfiltered) 431 303 80.2
been no results above the CMC. Dissolved 1
(filtered) 236 121 36.5
Total 667 424

CW = contact water

Leachate contains lower concentrations of copper than contact water. The highest result was 12.8 on July
14, 2014. This value was below the CMC, but exceeded the CCC. There was no corresponding increase in
contact water. Potential copper treatment was considered for the EMDF LWTS preliminary design.

C-20



C-21



Cyanide

Historically, about 1 to 3% of the results in contact water and leachate
have been detects. Results are well below the CMC. Most results have
been below detection limits, but there were several results above the
CCC during the period March 2011 to September 2011. One additional
result exceeded the CCC in May 2012. The potential for cyanide
treatment was considered for the EMDF LWTS if continuous
discharge is implemented.
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Lead

Historically, about 30% of the results at the V-weir, 51% of contact | Recreational AWQC — n/a
water, and 5% of leachate have been detects. Results are below the | Hardness corrected CMC — 73 ug/L
CMC, but several have been above the CCC in the past. The highest | Hardness corrected CCC — 2.8 ug/L

contact water results were in February and March 2008.

Since March 2009, no detected result has been above the CCC, although the detection limit was usually
set at 3 ug/l. However, the lack of results above 3 ug/L and lack of results above the lower detection limits
in early 2013 demonstrate that recent contact water met the hardness corrected CCC. The highest leachate
value was 4.53 in February 2009, which is above the CCC. The potential for lead treatment was
considered for the EMDF LWTS if continuous discharge is implemented.
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Mercury

Historically, about 11% of the results at the | Recreational AWQC — 0.051 ug/L
V-weir, 59% of contact water, and 27% of | CMC — 1.4 ug/L
leachate have been detects. Results are below the | CCC — 0.77 ug/L
CMC, but several have been above the CCC in

the past. The highest contact water results were | | Mercury CW No. Detected | Min. | Max.
in February and March 2008. Summary Samples detect | detect
(ug/L) | (ug/L)
Total 399 234
(unfiltered) 0.002 0.8
Dissolved 218 11
(filtered) 0.02 | 0.109
Total 617 245

CW = contact water

Because the recreational AWQC was not a discharge criterion, prior to 2015, the detection limit was not
low enough to determine if the recreational AWQC was met. As shown on the graphs below, the
detection limit for contact water was lowered beginning around 2015. Since the detection limit was
lowered, results demonstrate that the recreational AWQC is typically achieved. The percent detected has
increased as the detection limit was lowered, as expected.

The highest detected result was 0.8 on Sept 15, 2008. This result was BN qualified, indicating mercury
was found in both the blank and the sample (B), and that the matrix spike recovery was not within control
limits (N). The result may not be accurate. While reporting limits were set at 1 ug/L from September 2009
through July 2014, mercury was not detected at its detection limit of 0.067 ug/L during this time period.

The results from filtered and unfiltered pairs show filtered sample results are generally slightly less than
the total sample results. This indicates that mercury is present in both the dissolved and undissolved state.
Mercury treatment is expected to be required because of the low recreational AWQC and because the
EMDF is expected to receive more mercury-contaminated waste.
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Recreational AWQC -
guidance
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Nickel

Historically, about 36% of the V-weir results, 60% of the contact
water results, and 48% of the leachate results have been detects.
Results are well below the CMC and CCC. The highest result in
contact water (81 ug/L) was on December 5, 2016. No other
contact water results exceeded the CCC. There we two results in
leachate above the CCC—125 ug/L (3/5/2019) and 74 ug/L
(5/15/2019).

C-29

Recreational AWQC — 4600 ug/L
Hardness corrected CMC — 515 ug/L
Hardness corrected CCC — 57 ug/L




C-30



Uranium

Release criteria are established for the uranium radionuclides present within EMWMEF waste, but not for
uranium as a metal. Total uranium is monitored in conjunction with the radionuclide analyses to show
trends. There were higher levels of total uranium in the leachate early in the EMWMF history, followed
by a declining trend with lower results from 2007 to 2017, then another increasing trend. A similar trend
can be observed in the contact water data. Total uranium concentrations in leachate and contact water are
expected to decline again now that decontamination and demolition of the ETTP/Heritage Center
buildings is nearly complete.
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U-233/234

U-233/234 is detected in almost all samples from the V-weir,
contact water, and leachate. There was one result above the
criterion at the V-weir in January 2017. There were 6 results
above the release decision criterion in contact water and 8 above
the release decision criterion in leachate. The spike in leachate
concentrations in the winter of 2019 was immediately
investigated and mitigated.

Current criterion —

480 pCi/L for contact water release
decisions

120 pCi/L at the V-weir based on a
trailing annual average

The potential for U-233/234 treatment was considered for the EMDF LWTS.
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U-235/236

U-235/236 is detected in about 74% of the V-weir samples and in
almost all samples from the contact water and leachate. There
were no results above the criterion at the V-weir. There have been
no results above the release decision criterion in contact water or
leachate. As with the U-233/234 leachate results, the spike in
leachate concentrations in the winter of 2019 was immediately
investigated and mitigated.
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480 pCi/L for contact water release
decisions

120 pCi/L at the V-weir based on a
trailing annual average
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U-238

U-238 is detected in about 74% of the V-weir samples and in | Current criterion —

almost all samples from the contact water and leachate. There | 576 pCi/L for contact water release
were no results above the criterion at the V-weir. There have been | decisions

no results above the release decision criterion in contact water or | 144 pCi/L at the V-weir based on a
leachate. The leachate and contact water trends for total uranium | trailing annual average

and U-238 are very similar, indicating U-238 is likely the basis of
the total uranium results.
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lodine (1)-129

[-129 is detected in about 14% of the V-weir samples, in 5% of
contact water samples, and in 16% of leachate samples. There
were no results above the criterion at the V-weir. There have been
no results above the release decision criterion in contact water or
leachate. Neither contact water nor leachate results have been
above 5 pCi/L in the evaluated timeframe (sixteen years).
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120 pCi/L at the V-weir based on a
trailing annual average
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Sr-90

Sr-90 is detected in about 71% of the V-weir samples, in 75% of
contact water samples, and in 96% of leachate samples. There were 8
results above the criterion at the V-weir from 2005 to 2007. There
were two results above the release decision criterion in contact water
in April 2009 (1440 and 1620 pCi/L). No leachate results have
approached the release decision criterion. Since 2009, Sr-90 activities
in landfill wastewater have been very low. Because of the higher
activities in the past, the potential for Sr-90 treatment was considered
for the EMDF LWTS. .
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release decisions

240 pCi/L at the V-weir based
on a trailing annual average
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Technetium (Tc)-99

Tc-99 is detected in about 78% of the V-weir samples, in 98% of
contact water samples, and in 95% of leachate samples. There were
no results above the criterion at the V-weir. There have been no
results above the release decision criterion in contact water or
leachate. Of note, leachate has consistently lower concentrations than
contact water.

Current criterion —

96,000 pCi/L for contact water
release decisions

24,000 pCi/L at the V-weir based
on a trailing annual average

The results show the impact of the demolition debris disposal at EMWMF from the ETTP/Heritage
Center gaseous diffusion facilities on both the contact water and leachate. This demolition/disposal

campaign is complete.
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Tritium

Tritium is detected in about 46% of the V-weir samples, in 57% of
contact water samples, and in 98% of leachate samples. There
were no results above the criterion at the V-weir. There have been
no results above the release decision criterion in contact water or
leachate.

One contact water result in October 2014 was approximately
32,000 pCi/L. However, this result is questionable because the
results immediately before this result was below 1000 pCi/L and
the result four days later was below 200 pCi/L. Because tritium
behaves like water, a high spike in concentration, followed
immediately by a decline, is extremely unlikely.
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on a trailing annual average
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C.4.2 Pesticides

The proposed AWQC for EMWMEF include the following pesticides:

4,4'-DDD
4,4'-DDE
4,4'-DDT
Aldrin
beta-BHC
Dieldrin

Significant quantities of these materials were not present in incoming waste lots disposed at EMWMF and
were not identified as site-related contaminants. Instead, these materials are present as a result of intended
use associated with the facilities that have been demolished and disposed at EMWMEF, or as residual

amounts in soil or debris from previously remediated leaks or spills.

The contact water and leachate have been tested for these compounds at the detection limits, at or below
the TDEC Rule 1200-04-03-.05-required method detection limits (RDLs). These results were lower than
the applicable TDEC Fish and Aquatic Life discharge limits required for EMWMF. Almost all results
have been non-detects (see summary table below). Most of the variations in the specific graphs below are
the result of changes in detection limits. Based on the presence of only residual amounts of these
compounds in the waste, and that none of these were principal contaminants in the disposed waste, the
required reporting limits are acceptable detection limits for these compounds.

Summary of Pesticide Analyses for Contact Water

Chemical
4,4-DDD
4,4'-DDE
4,4-DDT
Aldrin
beta-BHC
Dieldrin

Detection
Frequency

24 /587
28 /587
9/577
21/562
106 /577
12 /589

Percent
Detected

4.09
4.77
1.56
3.74
18.4
2.04

detection

Unit
ug/L
ug/L
ug/L
ug/L
ug/L
ug/L
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Min

limit
0.0019
0.0019
0.0019
0.0013
0.0013

0.001

Max

detection

limit
0.0595
0.0595
0.0595
0.0595
0.0595
0.5

Min

Detected

0.011
0.01
0.013
0.0074
0.011
0.011

Max

Detected

0.051
2.11
0.066
0.044
0.045
0.0364



4,4-DDD

4,4-DDD was detected in about 2.5% of the V-weir samples, in
4% of contact water samples, and in 1% of leachate samples.
There were no detected results above the RDL at the V-weir,
contact water, or leachate.

Recreational AWQC — 0.0031 ug/L
CMC —n/a

CMC —n/a

RDL — 0.1 ug/L

The mean concentration was calculated using the detected results and non-detects. Because of the few
detects, the mean is 0.028 ug/L at the V-weir, 0.0119 ug/L for contact water, and 0.0252 ug/L for

leachate.
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4,4-DDE

4,4-DDE was detected in about 3.8% of the V-weir samples, in
4.8% of contact water samples, and in 1.4% of leachate samples.
There were no detected results above the RDL at the V-weir, or
leachate.

Recreational AWQC — 0.0022 ug/L
CMC —n/a

CMC —n/a

RDL — 0.1 ug/L

Contact water results from December 2011 and January 2012 were mostly non-detects at the detection
limit of 0.05. However, two samples had results of 2.11 and 1.96 ug/L. These results are suspect as these
are orders of magnitude higher than the other, concurrent results. These samples were above the RDL.

The mean concentration was calculated using the detected results and non-detects. Because of the few
detects, the mean is 0.021 ug/L at the V-weir, 0.017 ug/L for contact water, and 0.01 ug/L for leachate—

all below the RDL
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4,4-DDT

4,4-DDT was detected in about 1% of the V-weir samples, in Recreational AWQC — 0.0022 ug/L
1.6% of contact water samples, and in 1.4% of leachate samples. | CMC — 1.1 ug/L

There were no detected results above the RDL at the V-weir, in CMC - 0.001 ug/L

contact water, or in leachate. RDL — 0.1 ug/L

The mean concentration was calculated using the detected results and non-detects. Because of the few
detects, the mean is 0.017 ug/L at the V-weir, 0.0052 ug/L for contact water, and 0.0102 ug/L for
leachate.
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Aldrin

Aldrin was detected in about 5% of the V-weir samples, in 3.7% | Recreational AWQC — 0.0005 ug/L
of contact water samples, and in 0.2% of leachate samples. There | CMC — 3 ug/L

were no detected results above the RDL at the V-weir, in contact | CMC — 0.001 ug/L

water, or in leachate. RDL — 0.5 ug/L

The mean concentration was calculated using the detected results and non-detects. Because of the few
detects, the mean is 0.017 ug/L at the V-weir, 0.01 ug/L for contact water, and 0.01 ug/L for leachate.
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Beta BHC

Beta BHC was detected in about 15.4% of the V-weir samples, in | Recreational AWQC — 0.17 ug/L
18.4% of contact water samples, and in 6.9% of leachate samples. | CMC —n/a

There were no detected results above the RDL at the V-weir or CMC —n/a

leachate. RDL - 0.5 ug/L (gamma BHC)

There were three instances between 2005 and 2016 when results
were higher than the recreational AWQC: September 29, 2011
(0.289 ug/L); October 26, 2011 (2.1 ug/L); and December 1, 2011
(0.318 ug/L). All other results are below the recreational AWQC
and are mostly non-detects.

The mean concentration was calculated using the detected results and non-detects. Because of the few
detects, the mean is 0.014 ug/L at the V-weir, 0.015 ug/L for contact water, and 0.006 ug/L for leachate
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Dieldrin

Dieldrin was detected in about 1% of the V-weir samples, in 2% | Recreational AWQC — 0.00054 ug/L
of contact water samples, and in 0% of leachate samples. There | CMC — 0.2 ug/L

were no detected results above the RDL at the V-weir or leachate. | CMC — 0.056 ug/L

RDL - 0.05 ug/L

The mean concentration was calculated using the detected results and non-detects. Because of the few
detects, the mean is 0.017 ug/L at the V-weir, 0.018 ug/L for contact water, and 0.017 ug/L for leachate.
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C5 SUMMARY

Based on the evaluation of the 2019 to 2021 data, the COCs considered to require treatment for the
Focused Feasibility Study (FFS) are mercury and cadmium if future operations rely on continuous release
of wastewater to Bear Creek. Neither COC is currently expected to require treatment if there is batch
release of landfill wastewater to Bear Creek, based on concentrations below the applicable CMC AWQC.

Additional COCs that would have required treatment in the past under the FFS AWQC are:

Copper
Cyanide
Lead
U-238
Sr-90
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The potential that treatment may be required for these additional COCs will be considered during
evaluation of the alternatives to determine if these could be effectively treated with minimal
changes/upgrades.

Hexavalent chrome is anticipated to be reduced in the contact water ponds/tanks when this occurs.

As stated in Sect. C.4.2, pesticides are present in the waste because of their intended use at the facilities
disposed at EMWMEF. These are present in minor concentrations in the contact water and leachate.
Therefore, the RDL will be used as the future detection limit. Concentrations are anticipated to be below
these levels.
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APPENDIX C.
ATTACHMENT 1—EMWMF V-WEIR WATER DATA
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Attachment 1. EMWMF summary statistics and comparison to AWQC for Unfiltered Surface Water from EMW-VWEIR 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freq. of | Percent Detection Limits® Detected Fish Fish Fish Fish Rec. Rec. | 24% of | 24% of
Chemical Detection | Detected |  Units Min | Max | Min® | Mean’ | Median® | Max” | Min [ Mean [ Max | cCcC® | ccc® | cmc’ cmc? | ooc®  ooc® | DCG' | DCG'
Unfiltered Surface Water from EMW-VWEIR 2005-2021
Physical
Depth 1/1 100 ft - - 0.14 0.14 0.14 0.14 0.14 0.14 0.14 - - - - - - - -
Dissolved Oxygen 1/1 100 mg/L - - 7.1 7.1 7.1 7.1 7.1 7.1 7.1 - - - - - - - -
Flow 1/1 100 L/min - - 324 324 324 324 324 324 324 - - - - - - - -
Oxidation-Reduction Potential 1/1 100 mV - - 76.6 76.6 76.6 76.6 76.6 76.6 76.6 -- - - - -- - - -
Specific Conductivity (PIP) 89/89 100 umhos/cm - - 124 350 329 1040 124 350 1040 - - - - - - - -
Temperature 1/1 100 deg C - - 18.7 18.7 18.7 18.7 18.7 18.7 18.7 - - - - - - - -
pH 166 /166 100 Std Unit - - 6.8 7.861 7.8 9.34 6.8 7.861 934 65t09 3/166 65t09 3/166 6t09 3/166 - -
Metals
Aluminum 1197130 915 ug/L 15 100 7.5 1656 474 27,100 36 1806 27,100 - - - - - - - -
Antimony 21/130 16.2 ug/L 0.049 6 0.0245 1.2 1.5 3 0.06 0.279 1.1 - - - - 640 0/130 - -
Arsenic 50/ 166 30.1 ug/L 0.46 54 0.23 2.421 2 14.6 0.71 3.542 14.6 150 0/166 340  0/166 10 3/166 - -
Barium 130/ 130 100 ug/L - - 7.7 69.8 62.4 282 7.7 69.8 282 - - - - - - - -
Beryllium 5/128 3.91 ug/L 0.02 1.1 0.01 0.0614 0.04 1.12 0.04 0.3488 1.12 - - - - - - - -
Boron 115/130 88.5 ug/L 12 36 0.6 124 58 801 10.3 138 801 - - - - - - - -
Cadmium 16/171 9.36 ug/L 0.062 1 0.031  0.1563 0.065 0.529 0.069  0.1835  0.529 0.25 3/171 2.014 0/171 - - - -
Calcium 164/ 164 100 ug/L - - 15,700 46,937 41,350 173,000 15,700 46,937 173,000 - - - - - - - -
Chromium 68/176 38.6 ug/L 0.5 5 0.25 3.151 1.7 352 0.61 5.714 352 74 0/176 570 0/176 - - - -
Chromium, hexavalent 0/6 0 ug/L 6 6 3 3 3 3 - - -- 11 0/6 16 0/6 -- - - -
Cobalt 23/128 18.0 ug/L 0.19 5 0.095 0.822 0.43 11.8 0.13 2.389 11.8 - - - - - - - -
Copper 55/171 322 ug/L 0.3 9.4 0.15 253 15 24 0.52 4.774 24 9 6/171 13 6/171 - - - -
Hafnium 0/22 0 ug/L 3 50 1.5 11.5 1.5 25 - - - - - - - - - - -
ITron 129/130 99.2 ug/L 44 44 22 1814 518 35,500 44 1827 35,500 - - - - - - - -
Lead 53/176 30.1 ug/L 0.18 5 0.09 2.038 1 352 0.77 4.899 352 2.5 21/176 64.6 0/176 -- - - -
Lithium 47/130 36.2 ug/L 0.32 10 0.16 6.855 4.6 194 14 11.5 194 - - - - - - - -
Magnesium 164/ 164 100 ug/L - - 4900 7859 7535 15,000 4900 7859 15,000 -- - - - -- - - -
Manganese 130/ 130 100 ug/L - - 5.7 87.1 45 671 57 87.1 671 - - - - - - - -
Mercury 10/89 11.2 ug/L 2.0E-04 0.2 1.0E-04 0.0434  0.0335 0.1 0.0021  0.0235  0.096 0.77 0/89 1.4 0/89 0.051 2/89 - -
Molybdenum 33/40 82.5 ug/L 0.165 5 0.0825  4.862 4.09 14.8 12 5332 14.8 - - - - - - - -
Nickel 63/176 35.8 ug/L 0.32 10 0.16 2.974 1.79 344 0.39 4.854 344 52 0/176 468  0/176 4600 0/176 - -
Phosphorus 31/33 93.9 ug/L 60 60 222 79.5 511 414 222 81.9 414 - - - - - - - -
Potassium 130/130 100 ug/L - - 870 4911 4480 17,000 870 4911 17,000 -- - - - -- - - -
Selenium 18/172 10.5 ug/L 0.18 6 0.09 0.4851 0.31 7 0.28 1.338 7 5 1/172 20 0/172 - - - -
Silicon 70/70 100 ug/L - - 150 2136 1800 10,000 150 2136 10,000 -- - - - -- - - -
Silver 9/167 539 ug/L 0.023 5 0.0115  0.6307 0.25 2.5 0.02 0.0404 0.1 - - 3217 0/167 - - - -
Sodium 130/130 100 ug/L - - 990 8946 6890 61,000 990 8946 61,000 -- - - - -- - - -
Strontium 130/130 100 ug/L - - 50.4 179 130 775 50.4 179 775 - - - - - - - -
Thallium 6/128 4.69 ug/L 0.0041 40 0.0021  0.8157 0.5 20 0.01 0.04 0.08 -- - - - 047 0/128 - -
Tin 2/42 4.76 ug/L 0.9 50 0.45 3.146 125 25 0.62 0.91 12 - - - - - - - -
Titanium 32/37 86.5 ug/L 1 5 0.5 34.6 12 200 1.7 39.4 200 -- - - - -- - - -
Uranium 86/127 67.7 ug/L 0 15 0 4.484 2.8 61.2 0.96 5.61 61.2 - - - - - - 480 0/127
Vanadium 34/130 26.2 ug/L 0.15 10 0.075 3.583 0.72 49.6 0.46 9.479 49.6 -- - - - -- - - -
Zinc 129/172 75 ug/L 0.12 10 0.06 17.6 11 129 1.1 223 129 120 1/172 117 1/172 - - - -
Zirconium 6/24 25 ug/L 0.66 50 0.33 7.357 0.685 25 1.04 3.768 11.1 -- - - - -- - - -
Dioxins/Furans
2,3,7,8-Tetrachlorodibenzo-p-dioxin 1/31 323 ug/L 4.2E-07 7.2E-06 2.1E-07 12E-06 1.3E-06 3.6E-06 1.1E-06 1.1E-06 1.1E-06 - - - - - - - -
Herbicides
Silvex 0/28 0 ug/L 0.079 0.515 0.0395 0.1613 0.25 0.2575 - - - - - - - - - - -
Pesticides
4,4'-DDD 2/79 2.53 ug/L 0.0019  0.0551 9.7E-04 0.0208 0.025 0.0276  0.013 0.0165 0.02 - - - - 0.0031 2/79 - -
4,4-DDE 3/79 3.8 ug/L 0.0019  0.0551 9.7E-04 0.0207 0.025 0.0276 ~ 0.011  0.0163  0.026 - - - - 0.0022 3/79 - -
4,4'-DDT 1/116 0.86 ug/L 0.001 0.0551 5.0E-04 0.0169 0.025 0.0276 0.01 0.01 0.01 0.001 1/116 1.1 0/116  0.0022 1/116 - -
Aldrin 5/101 4.95 ug/L 0.0013  0.0551 6.5E-04 0.0158 0.025 0.0276  0.012 0.016 0.02 - - 3 0/101 5.0E-04 5/101 - -
Chlordane 0/1 0 ug/L 0.1 0.1 0.05 0.05 0.05 0.05 - - - 0.0043 0/1 24 0/1 0.0081 0/1 - -
Dieldrin 1/120 0.83 ug/L 0.001 0.5 5.0E-04 0.0249 0.025 0.25 0.017 0.017 0.017 0.056  0/120 024 0/120 54E-04 1/120 - -
Endosulfan I 0/97 0 ug/L 0.0013  0.0551 6.5E-04 0.0168 0.025 0.0276 - - - 0.056 0/97 0.22 0/97 89 0/97 - -
Endosulfan II 0/112 0 ug/L 0.001 0.0551 5.0E-04 0.0175 0.025 0.0276 - - - 0.056 0/112 022 0/112 89 0/112 - -
Endosulfan sulfate 0/56 0 ug/L 0.0019  0.0551 9.7E-04 0.0208 0.025 0.0276 - - - - - - - 89 0/56 - -
Endrin 1/112 0.89 ug/L 0.001 0.0551 5.0E-04 0.0174 0.025 0.0276 0.01 0.01 0.01 0.036 0/112 0.086 0/112 0.06 0/112 - -
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Attachment 1. EMWMF summary statistics and comparison to AWQC for Unfiltered Surface Water from EMW-VWEIR 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freq. of | Percent Detection Limits® Detected Fish Fish Fish Fish Rec. Rec. | 24% of | 24% of
Chemical Detection | Detected |  Units Min | Max | Min® | Mean’ | Median® | Max” | Min [ Mean [ Max | ccC® | ccc® | cmc’ cmc’ | ooc®  ooc® | DCG' | DCG!
Endrin aldehyde 0/75 0 ug/L 0.0013  0.0551 6.5E-04 0.0217  0.025 0.0276 - - - - - - - 0.3 0/75 - -
Endrin ketone 0/28 0 ug/L 0.0019  0.0551 9.7E-04 0.0166 0.025 0.0276 - - - - - - - - - - -
Heptachlor 0/74 0 ug/L 0.0013  0.0551 6.5E-04 0.0142  0.016  0.0276 - - - 0.0038  0/74 052 0/74 79E-04 0/74 - -
Heptachlor epoxide 2/112 1.79 ug/L 0.001 0.0551 5.0E-04 0.0102 0.001 0.814 0.017  0.4155 0.814  0.0038 2/112 052 1/112 3.9E-04 2/112 - -
Lindane 0/29 0 ug/L 0.0013  0.0139 6.5E-04 0.0034  0.0034  0.007 - - - - - 095 0/29 1.8 0/29 - -
Methoxychlor 2/51 3.92 ug/L 0.0097 0.104  0.0049  0.025 0.025 0.052 0.011 0.018 0.025 0.001 2/51 - - - - - -
alpha-BHC 1/57 1.75 ug/L 0.0013  0.0551 6.5E-04 0.0205  0.025 0.0276  0.022  0.022  0.022 - - - - 0.049  0/57 - -
alpha-Chlordane 0/126 0 ug/L 0.001 0.0551 5.0E-04 0.0179 0.025 0.0276 - - - - - - - - - - -
beta-BHC 10/ 65 15.4 ug/L 0.0013  0.0551 6.5E-04 0.014 0.011 0.095 0.01 0.0225  0.095 - - - - 0.17 0/65 - -
delta-BHC 0/57 0 ug/L 0.0013  0.0551 6.5E-04 0.0205 0.025 0.0276 - - - - - - - - - - -
gamma-Chlordane 1/126 0.79 ug/L 0.001  0.0551 5.0E-04 0.0178  0.025 0.0276  0.012  0.012  0.012 - - - - - - - -
Polychlorinated Biphenyls
PCB-1016 0/254 0 ug/L 0.0311  0.532  0.0156  0.1151 0.075 0.266 - - - - - 0.5 0/254 6.4E-04 0/254 - -
PCB-1221 0/254 0 ug/L 0.0311 0.532 0.0156  0.1155 0.085 0.266 - - - - - 0.5 0/254 6.4E-04 0/254 - -
PCB-1232 0/254 0 ug/L 0.0311  0.532  0.0156 0.1152  0.0775 0.266 - - - - - 0.5 0/254 6.4E-04 0/254 - -
PCB-1242 0/259 0 ug/L 0.0311 0.532 0.0156  0.1154 0.1 0.266 - - - - - 0.5 0/259 6.4E-04 0/259 - -
PCB-1248 0/254 0 ug/L 0.0311 0.532  0.0156 0.1148  0.0625 0.266 - - - - - 0.5 0/254 6.4E-04 0/254 - -
PCB-1254 0/259 0 ug/L 0.0311 0.532 0.0156  0.1162 0.1 0.266 - - - - - 0.5 0/259 6.4E-04 0/259 - -
PCB-1260 0/259 0 ug/L 0.0311 0.532  0.0156  0.1155 0.1 0.266 - - - - - 0.5  0/259 6.4E-04 0/259 - -
PCB-1262 0/241 0 ug/L 0.0311 0.532 0.0156  0.1099 0.049 0.266 - - - - - 0.5 0/241 6.4E-04 0/241 - -
PCB-1268 0/241 0 ug/L 0.0311 0.532  0.0156 0.1106  0.065 0.266 - - - - - 0.5  0/241 6.4E-04 0/241 - -
Polychlorinated biphenyl 0/8 0 ug/L 0.15 0.18 0.075  0.0819 0.08 0.09 - - - 0.014 0/8 - - 6.4E-04 0/8 - -
Semivolatile Organics
1,2,4-Trichlorobenzene 0/60 0 ug/L 0.5 11.2 0.25 2.381 0.78 5.6 - - - - - - - 70 0/60 - -
1,2-Dichlorobenzene 0/60 0 ug/L 0.5 11.2 0.25 2.381 0.78 5.6 - - - - - - - 1300 0/60 - -
1,3-Dichlorobenzene 0/60 0 ug/L 0.5 11.2 0.25 2.381 0.78 5.6 - - - - - - - 960 0/60 - -
1,4-Dichlorobenzene 0/60 0 ug/L 0.5 11.2 0.25 2.381 0.78 5.6 - - - - - - - 190 0/60 - -
2,3,4,6-Tetrachlorophenol 0/69 0 ug/L 1.42 11.2 0.71 4.237 5 5.6 - - - - - - - - - - -
2,4-Dimethylphenol 0/37 0 ug/L 1.42 11.2 0.71 3.577 5 5.6 - - - - - - - 850 0/37 - -
2.4-Dinitrophenol 0/37 0 ug/L 2.36 28 118 8.919 12.5 14 - - - - - - - 5300 0/37 - -
2-Methylnaphthalene 0/74 0 ug/L 0.142 1.2 0.071 4.177 5 5.6 - - - - - - - - - - -
2-Methylphenol 0/37 0 ug/L 1.42 11.2 0.71 3.577 5 5.6 - - - - - - - - - - -
3- and 4- Methylphenol 0/48 0 ug/L 5 1.2 25 4.963 5 5.6 - - - - - - - - - - -
4-Chloro-3-methylphenol 0/40 0 ug/L 1.42 20 0.71 3.871 5 10 - - - -- - - - -- - - -
4-Methylphenol 0/11 0 ug/L 10 10 5 5 5 5 - - - - - - - - - - -
Acenaphthene 0/41 0 ug/L 0.142 11.2 0.071 3.052 5 5.6 - - - - - - - 990 0/41 - -
Acenaphthylene 0/40 0 ug/L 0.142 11.2 0.071 3.54 5 5.6 - - - - - - - - - - -
Acetophenone 0/60 0 ug/L 1.42 11.2 0.71 4.123 5 5.6 - - - -- - - - - - - -
Anthracene 0/37 0 ug/L 0.142 11.2 0.071 3.354 5 5.6 - - - - - - - 40,000 0/37 - -
Benz(a)anthracene 0/37 (] ug/L 0.142 0.556 0.071  0.1946 0.25 0.278 - - - - - - - 0.18 0/37 - -
Benzenemethanol 0/40 0 ug/L 1.42 20 0.71 4.746 5 10 - - - - - - - - - - -
Benzidine 0/28 0 ug/L 1.5 56.1 0.75 14.8 25 28.1 - - - - - - - 0.002 0/28 - -
Benzo(a)pyrene 0/37 0 ug/L 0.142 0.556 0.071 0.1965 0.25 0.278 - - - - - - - 0.18 0/37 - -
Benzo(b)fluoranthene 0/37 0 ug/L 0.142 0.556 0.071  0.1946 0.25 0.278 - - - - - - - 0.18 0/37 - -
Benzo(ghi)perylene 0/37 0 ug/L 0.142 0.556 0.071 0.1946 0.25 0.278 - - - - - - - - - - -
Benzo(k)fluoranthene 1/37 2.7 ug/L 0.142 0.556  0.071  0.2014 0.25 0.5 0.5 0.5 0.5 - - - - 0.18 1/37 - -
Benzoic acid 6/73 8.22 ug/L 2.83 51 0.5 16.2 25 255 0.5 1.267 3 - - - - - - - -
Bis(2-ethylhexyl)phthalate 2/37 5.41 ug/L 1.42 10 0.71 2.028 25 5 2 291 3.82 - - - - 22 0/37 - -
Butyl benzyl phthalate 0/37 0 ug/L 1.42 11.2 0.71 3.577 5 5.6 - - - - - - - 1900 0/37 - -
Carbazole 0/40 0 ug/L 0.142 5.61 0.071 1.557 25 2.805 - - - - - - - - - - -
Chrysene 0/37 0 ug/L 0.142 11.2 0.071 3.354 5 5.6 - - - - - - - 0.18 0/37 - -
Di-n-butyl phthalate 3/41 7.32 ug/L 1 11.2 0.5 3.155 5 5.6 0.5 1.833 3 - - - - 4500  0/41 - -
Di-n-octylphthalate 0/37 0 ug/L 1.42 11.2 0.71 3.577 5 5.6 - - - - - - - - - - -
Dibenz(a,h)anthracene 0/37 0 ug/L 0.142 0.556 0.071 0.1946 0.25 0.278 - - - - - - - 0.18 0/37 - -
Dibenzofuran 0/37 0 ug/L 1.42 11.2 0.71 3.577 5 5.6 - - -- -- - - - -- - - -
Diethyl phthalate 0/37 0 ug/L 1.42 1.2 0.71 3.577 5 5.6 - - - - - - - 44,000 0/37 - -
Dimethyl phthalate 2/37 541 ug/L 1.42 11.2 0.71 3.45 5 5.6 253 2.695 2.86 - - - - 1.1IE+06 0/37 - -
Diphenylamine 0/12 0 ug/L 1.42 1.67 0.71 0.7625 0.75 0.835 - - - - - - - - - - -
Fluoranthene 0/37 0 ug/L 0.142 11.2 0.071 3.354 5 5.6 - - - - - - - 140 0/37 - -
Fluorene 0/37 0 ug/L 0.142 11.2 0.071 3.354 5 5.6 - - - - - - - 5300 0/37 - -




Attachment 1. EMWMF summary statistics and comparison to AWQC for Unfiltered Surface Water from EMW-VWEIR 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freq. of | Percent Detection Limits® Detected Fish Fish Fish Fish Rec. Rec. | 24% of | 24% of
Chemical Detection | Detected |  Units Min | Max | Min® | Mean’ | Median® | Max” | Min [ Mean [ Max | ccC® | ccc® | cmc’ cmc’ | ooc®  ooc® | DCG' | DCG!
Hexachlorobenzene 0/22 0 ug/L 1.42 11.2 0.71 2.716 0.835 5.6 - - - - - - - 0.0029 0/22 - -
Hexachlorobutadiene 0/40 0 ug/L 1.42 11.2 0.71 3.746 5 5.6 - - -- -- - - - 180 0/40 - -
Hexachloroethane 0/3 0 ug/L 10 10 5 5 5 5 - - - - - - - 33 0/3 - -
Indeno(1,2,3-cd)pyrene 1/37 27 ug/L 0.142 0.556 0.071 0.2041 0.25 0.6 0.6 0.6 0.6 - - - - 0.18 1/37 - -
Isophorone 0/37 [ ug/L 1.5 11.2 0.75 3.611 5 5.6 - - - - - - - 9600 0/37 - -
Naphthalene 0/41 0 ug/L 0.142 11.2 0.071 3.052 5 5.6 - - - - - - - - - - -
Pentachlorophenol 0/88 0 ug/L 0.0476 25 0.0238 2115 1.5 12.5 - - - 15 0/88 19 0/88 30 0/88 - -
Phenanthrene 0/37 0 ug/L 0.142 11.2 0.071 3.354 5 5.6 - - -- -- - - - -- - - -
Phenol 0/69 0 ug/L 1.42 1.2 0.71 4.237 5 5.6 - - - - - - - 1.7E+06  0/69 - -
Pyrene 0/37 0 ug/L 0.142 11.2 0.071 3.354 5 5.6 - - - - - - - 4000 0/37 - -
m+p Methylphenol 0/15 0 ug/L 1.5 10 0.75 1.728 0.925 5 - - - - - - - - - - -
Volatile Organics
(1,1-Dimethylethyl)benzene 0/31 0 ug/L 0.3 5 0.15 1.591 2.5 2.5 - - - - - - - - - - -
(1-Methylpropyl)benzene 0/31 0 ug/L 0.3 5 0.15 1.591 25 2.5 - - -- -- - - - -- - - -
1,1,1-Trichloroethane 0/203 0 ug/L 03 5 0.15  0.7358  0.1665 25 - - - - - - - - - - -
1,1,2,2-Tetrachloroethane 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - 40 0/194 - -
1,1,2-Trichloroethane 0/198 0 ug/L 03 5 0.15  0.6913  0.1665 2.5 - - - - - - - 160 0/198 - -
1,1-Dichloroethane 0/203 0 ug/L 0.3 5 0.15 0.7358 0.1665 2.5 - - - - - - - - - - -
1,1-Dichloroethene 0/199 0 ug/L 03 5 0.15 07079  0.1665 2.5 - - - - - - - 7100 0/199 - -
1,2,3-Trimethylbenzene 0/18 0 ug/L 5 5 2.5 2.5 2.5 25 - - - - - - - - - - -
1,2,4-Trichlorobenzene 0/17 0 ug/L 1 1 0.5 0.5 0.5 0.5 - - - - - - - 70 0/17 - -
1,2,4-Trimethylbenzene 0/32 0 ug/L 0.3 5 0.15 1.62 2.5 25 - - - - - - - - - - -
1,2-Dichlorobenzene 0/148 0 ug/L 03 5 0.15 05891  0.1665 2.5 - - - - - - - 1300 0/148 - -
1,2-Dichloroethane 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - 370 0/194 - -
1,2-Dichloropropane 0/194 0 ug/L 03 5 0.15 0.654  0.1665 2.5 - - - - - - - 150 0/194 - -
1,2-Dimethylbenzene 0/60 0 ug/L 0.3 5 0.15 2.031 25 2.5 - - - - - - - - - - -
1,3,5-Trimethylbenzene 0/32 0 ug/L 0.3 5 0.15 1.63 2.5 2.5 - - - - - - - - - - -
1,3-Dichlorobenzene 0/148 0 ug/L 0.3 5 0.15 0.5891 0.1665 2.5 - - - - - - - 960 0/148 - -
1,4-Dichlorobenzene 0/148 0 ug/L 0.3 5 0.15 05891  0.1665 2.5 - - - - - - - 190 0/148 - -
1-Methyl-4-(1-methylethyl)benzene 0/31 0 ug/L 0.3 5 0.15 1.591 25 2.5 - - - -- - - - -- - - -
2-Butanone 1/59 1.69 ug/L 1.5 10 0.75 4.109 5 5 2 2 2 - - - - - - - -
2-Chloroethyl vinyl ether 0/194 0 ug/L 0.5 5 0.25 1.126 0.835 2.5 - - - - - - - - - - -
2-Hexanone 0/60 0 ug/L 1.5 10 0.75 4.182 5 5 - - - - - - - - - - -
4-Methyl-2-pentanone 0/76 0 ug/L 1.5 10 0.75 4.331 5 5 - - - -- - - - - - - -
Acetone 7176 9.21 ug/L 1.5 10 0.75 4.255 5 5 3 3.806 5 - - - - - - - -
Acrylonitrile 0/22 0 ug/L 1.5 20 0.75 4.962 0.835 10 - - - - - - - 25 0/22 - -
Benzene 0/76 0 ug/L 0.3 5 0.15 2.129 2.5 2.5 - - - - - - - 510 0/76 - -
Bromodichloromethane 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - 170 0/194 - -
Bromoform 0/194 0 ug/L 0.3 5 0.15 0.654  0.1665 2.5 - - - - - - - 1400  0/194 - -
Bromomethane 0/194 0 ug/L 0.3 5 0.15 0.6546  0.1685 2.5 - - - -- - - - 1500 0/194 - -
Carbon disulfide 0/59 0 ug/L 1.5 5 0.75 2.147 25 2.5 - - - - - - - - - - -
Carbon tetrachloride 0/206 0 ug/L 0.3 5 0.15 0.7567  0.1665 2.5 - - - - - - - 16 0/206 - -
Chlorobenzene 0/206 0 ug/L 0.3 5 0.15 0.7615 0.1665 2.5 - - - - - - - 1600  0/206 - -
Chloroethane 0/203 0 ug/L 0.3 5 0.15 0.7358  0.1665 2.5 - - - - - - - - - - -
Chloroform 1/206 0.49 ug/L 0.3 5 0.15 0.7622 0.1665 2.63 2.63 2.63 2.63 - - - - 4700  0/206 - -
Chloromethane 1/194 0.52 ug/L 0.3 5 0.15 0.6589  0.1665 2.5 1.2 1.2 1.2 - - - - - - - -
Cumene 0/60 0 ug/L 0.3 5 0.15 2.031 25 2.5 - - - - - - - - - - -
Dibromochloromethane 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - 170 0/194 - -
Dichlorodifluoromethane 0/194 0 ug/L 0.3 5 0.15 0.6575  0.1775 2.5 - - -- -- - - - -- - - -
Ethylbenzene 0/60 0 ug/L 0.3 5 0.15 2.031 2.5 2.5 - - - - - - - 2100 0/60 - -
Hexane 0/29 0 ug/L 1.67 5 0.835 1.872 25 2.5 - - - - - - - - - - -
M + P Xylene 0/24 0 ug/L 5 5 25 2.5 25 2.5 - - - - - - - - - - -
Methanol 0/21 0 ug/L 250 5000 125 1143 125 2500 - - - - - - - - - - -
Methylcyclohexane 0/76 0 ug/L 0.3 5 0.15 2.129 2.5 2.5 - - - - - - - - - - -
Methylene chloride 2/205 0.98 ug/L 0.5 5 0.25 1.019 0.835 2.5 2.02 2.05 2.08 - - - - 5900 0/205 - -
Propylbenzene 0/31 0 ug/L 0.3 5 0.15 1.591 2.5 2.5 - - - - - - - - - - -
Propylene glycol 0/22 0 ug/L 3000 20,000 1500 5636 4500 10,000 - - -- -- - - - -- - - -
Styrene 0/29 0 ug/L 0.3 5 0.15 1.529 2.5 2.5 - - - - - - - - - - -
Tetrachloroethene 0/206 0 ug/L 0.3 5 0.15 0.7615  0.1665 2.5 - - -- -- - - - 33 0/206 - -
Toluene 2/76 2.63 ug/L 0.3 5 0.15 2.07 2.5 2.5 0.2 0.25 0.3 - - - - 15,000 0/76 - -
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Attachment 1. EMWMF summary statistics and comparison to AWQC for Unfiltered Surface Water from EMW-VWEIR 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freq. of | Percent Detection Limits® Detected Fish Fish Fish Fish Rec. Rec. | 24% of | 24% of
Chemical Detection | Detected |  Units Min | Max | Min® | Mean’ | Median® | Max” | Min [ Mean [ Max | ccC® | ccc® | cmc’ cmc’ | ooc®  ooc® | DCG' | DCG!
Total Xylene 0/76 0 ug/L 0.3 5 0.15 2.138 25 2.5 - - - - - - - - - - -
Trichloroethene 0/206 0 ug/L 0.3 5 0.15 0.7615 0.1665 2.5 - - - - - - - 300 0/206 - -
Trichlorofluoromethane 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - - - - -
Trimethylbenzene 0/12 0 ug/L 0.3 0.33 0.15 0.1525 0.15 0.165 - - -- -- - - - -- - - -
Vinyl chloride 0/203 0 ug/L 0.3 5 0.15 07358  0.1665 25 - - - - - - - 24 0/203 - -
cis-1,2-Dichloroethene 0/35 0 ug/L 0.3 5 0.15 1.695 25 2.5 - - -- -- - - - -- - - -
cis-1,3-Dichloropropene 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - - - - -
trans-1,2-Dichloroethene 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - 10,000 0/194 - -
trans-1,3-Dichloropropene 0/194 0 ug/L 0.3 5 0.15 0.654 0.1665 2.5 - - - - - - - - - - -
Other Organics
Extractable Petroleum Hydrocarbons 2/9 222 ug/L 1100 5000 550 2393 1100 9700 3000 6350 9700 - - - - - - - -
Oil and Grease 3/24 12.5 ug/L 1100 3800 550 919 723 1900 1300 1503 1650 - - - - - - - -
Radionuclides
Actinium-227 87/730 11.9 pCi/L 0.05 2.67 -0.176  0.1226 0.09 3.64 0.14 0.3636 3.64 - - - - - - 24 0/730
Alpha activity 126/132 95.5 pCi/L 1.81 3.84 0.3 15.3 8.57 132 1.51 15.9 132 - - - - - - -
Aluminum-26 7/ 608 115 pCi/L 1.81 14.9 -5.23 0.2582 0.16 6.22 191 34 5.46 - - - - - - 2400 0/608
Americium-241 21/908 231 pCi/L 0.0383 1.3 -0.17  0.0667  0.0511 0.832  0.133 03055  0.832 - - - - - - 72 0/908
Americium-243 65 /698 9.31 pCi/L 0.07 4.93 -0.12 0.1203 0.0919 1.02 0.12 0.3433 1.02 - - - - - - 72 0/698
Beta activity 132/132 100 pCi/L - - 5.96 94.3 34.2 1240 5.96 94.3 1240 - - - - - - -
Californium-252 1/682 0.15 pCi/L 0.0434 1.19 -0.75 0.0099 0 0.418 0.27 0.27 0.27 - - - - - - 24 0/682
Carbon-14 29/912 3.18 pCi/L 1.47 68.3 -20.7 2.683 3.66 334 8.08 19.7 334 - - - - - - 16,800 0/912
Cesium-137 19/933 2.04 pCi/L 248 16 -6.24 0.9316 0.72 13 298 6.223 13 - - - - - - 720 0/933
Chlorine-36 170/912 18.6 pCi/L 0.7 5.33 -2.85 1.798 1.03 76.3 1.91 5.987 76.3 - - - - - - 12,000 0/912
Cobalt-60 4/911 0.44 pCi/L 22 13 -6.18 0.8279 0.679 7.76 345 5.48 6.62 - - - - - - 1200 0/911
Curium-242 1/705 0.14 pCi/L 0.0434 1.19 -0.75  0.0104 0 0.418 0.27 0.27 0.27 - - - - - - 240 0/705
Curium-243/244 19/700 271 pCi/L 0.046 1.39 -0.77 0.0567  0.0395 0.65 0.146  0.3607 0.65 - - - - - - 12 0/700
Curium-245 118/876 13.5 pCi/L 0.08 7.44 -0.172 0.1439 0.11 1.7 0.12  0.3869 1.7 - - - - - - 7.2 0/876
Curium-246 118/876 135 pCi/L 0.08 7.44 -0.172  0.1438 0.11 1.7 0.12 0.3869 1.7 - - - - - - 72 0/876
Curium-247 17/874 1.95 pCi/L 0.04 5.63 -0.437  0.0541 0.03 1.53 0.18  0.4128 1.27 - - - - - - 7.2 0/874
Curium-248 31/726 4.27 pCi/L 0.06 5.35 -0.081  0.0482 0.03 0.85 0.12 0.2763 0.85 - - - - - - 1.92 0/726
Europium-152 3/887 0.34 pCi/L 5.83 69.2 -36 0.8208  0.504 62.8 22.6 37.8 62.8 - - - - - - 4,800 0/887
Europium-154 8/885 0.9 pCi/L 3.02 29.4 -15.8 0.719 0.8 18.8 7.65 122 18.8 - - - - - - 4,800 0/885
Europium-155 4/703 0.57 pCi/L 3.75 28.6 -40.6  -0.4537  0.198 339 6.74 12.0 16.2 - - - - - - 24,000 0/703
Europium-156 0/1 0 pCi/L 27 27 7.61 7.61 7.61 7.61 - - - - - - - - - -
Todine-129 129/912 14.1 pCi/L 0.317 3.53 -2.02  0.7606  0.8485 6.79 0.58 1.534 6.79 - - - - - - 120 0/912
Lead-210 206/771 26.7 pCi/L 0.0721 1.89 -1.07 0.5435 0.5 6 0.35 1.082 6 - - - - - - 7.2 0/771
Neptunium-237 41/911 4.5 pCi/L 0.04 1.6 -0.16 0.0492 0.03 291 0.12 0.3579 291 - - - - - - 7.2 0/911
Neptunium-239 0/1 0 pCi/L 0.09 0.09 0.03 0.03 0.03 0.03 - - - - - - - - - -
Nickel-63 85/857 9.92 pCi/L 0.04 91 -88.9 7.493 4.02 206 153 47.8 206 - - - - - - 72,000 0/857
Plutonium-236 5/704 0.71 pCi/L 0.07 0.943 -0.19  0.0171  0.0082  0.975 0.19 0467 0975 - - - - - - 24 0/704
Plutonium-238 2/884 0.23 pCi/L 0.08 1.17 -0.213  0.0254  0.0189 0.48 0.15 0315 0.48 - - - - - - 9.6 0/884
Plutonium-239/240 19/910 2.09 pCi/L 0.04 1.23 -0.199  0.0327 0.02 0.43 007 02524 043 - - - - - - 72 0/910
Plutonium-241 9/861 1.05 pCi/L 8.52 90.7 -164 0.4979 0 69 15.1 40.2 69 - - - - - - 480 0/861
Plutonium-242 69 /883 7.81 pCi/L 0.06 0.741 29 0.075 0.0654 2.63 0.1 0.2756 1 - - - - - - 72 0/883
Plutonium-244 61/702 8.69 pCi/L 0.04 0.912 -0.137  0.0969 0.05 3.18 0.106 0.486 3.18 - - - - - - 7.2 0/702
Potassium-40 69/910 7.58 pCi/L 5.94 208 -72.4 245 243 170 27.8 59.6 170 - - - - - - 1680  0/910
Protactinium-234m 869 /912 95.3 pCi/L 0.25 1.81 -0.0368  2.438 131 55.2 0.26 2.546 55.2 - - - - - - 16,800 0/912
Radioactive Strontium (Total) 42/42 100 pCi/L - - 1.24 54.8 28.7 450 1.24 54.8 450 - - - - - - -
Radium-226 150 /904 16.6 pCi/L 0.08 1.35 -0.217 02222 0.184 1.43 0.1 0.5307 1.43 - - - - - - 24 0/904
Radium-228 176 /912 19.3 pCi/L 0.07 238 -0.88  0.4308 035 3.19 0.35 1.142 3.19 - - - - - - 24 0/912
Strontium-90 639 /894 1.5 pCi/L 0.372 3.71 -1.29 132 1.8 729 0.22 18.2 729 - - - - - - 240 0/894
Technetium-99 7271933 71.9 pCi/L 0.01 12.1 -5.55 119 15.2 8520 272 152 8520 - - - - - - 24,000 0/933
Thorium-227 80/705 11.3 pCi/L 0.05 2.67 -0.176  0.1214 0.09 3.64 0.14 0.3674 3.64 - - - - - - 960 0/705
Thorium-228 93/912 10.2 pCi/L 0.07 1.64 <0339 0.0927  0.0637 1.26 0.12 03395 1.26 - - - - - - 96 0/912
Thorium-229 25/832 3.0 pCi/L 0.04 1.33 -4.3 0.0462 0.02 6.68 0.06 0.6111 6.68 - - - - - - 9.6 0/832
Thorium-230 512/909 56.3 pCi/L 0.07 1.34 -0.133  0.3107 0.25 4.1 0.09 04163 4.1 - - - - - - 72 0/909
Thorium-232 126 /909 13.9 pCi/L 0.04 1.13 -0.209  0.0954 0.07 1.1 0.117  0.2977 1.1 - - - - - - 12 0/909
Thorium-234 844 /887 95.2 pCi/L 0.25 1.81  -0.0368  2.261 1.3 254 0.26 2363 254 - - - - - - 2400  0/887
Tritium 417/912 45.7 pCi/L 177 703 -419 372 208 4510 147 697 4510 - - - - - - 4.8E+05 0/912
Uranium-232 62 /684 9.06 pCi/L 0.04 0.94 -0.283  0.1134 0.08 1.47 022 0.4459 1.47 - - - - - - 24 0/684
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Attachment 1. EMWMF summary statistics and comparison to AWQC for Unfiltered Surface Water from EMW-VWEIR 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freq. of | Percent Detection Limits® Detected Fish Fish Fish Fish Rec. Rec. | 24% of | 24% of
Chemical Detection | Detected |  Units Min | Max | Min® | Mean’ | Median® | Max” | Min [ Mean [ Max | ccC® | ccc® | cmc’ cmc’ | ooc®  ooc® | DCG' | DCG!
Uranium-233/234 932/933 99.9 pCi/L 0.49 0.49 0.37 12,5 7.07 155 0.37 12.6 155 - - - - - - 120 0/933
Uranium-234 1/1 100 pCi/L - - 0.334 0.334 0.334 0.334 0.334 0.334 0.334 - - - - - - 120 0/1
Uranium-235 4/11 36.4 pCi/L 0.11 0.41 -0.0089  0.2846 0.28 0.59 0.37 0.49 0.59 - - - - - - 144 0/11
Uranium-235/236 686 /928 73.9 pCi/L 0.0847 2.04 -0.08 1.064 0.6735 15.6 0.157 1.351 15.6 - - - - - - 120 0/928
Uranium-236 1/9 11.1 pCi/L 0.15 0.67 0 0.1456 0.11 0.34 0.34 0.34 0.34 - - - - - - 120 0/9
Uranium-238 891/933 95.5 pCi/L 0.25 1.81 -0.0368  2.429 131 55.2 0.178 2.53 552 - - - - - - 144 0/933
Yttrium-90 623 /887 70.2 pCi/L 0.454 371 -1.29 12.4 1.8 526 0.22 17.4 526 - - - - - - 2400  0/887
Wet Chemistry
Ammonia 12/17 70.6 ug/L 17 17 8.5 114 128 192 103 141 192 - - - - -- - - -
Ammonia as Nitrogen 7/16 438 ug/L 100 100 50 144 100 420 120 200 420 -- - - - -- - - -
Biochemical Oxygen Demand (BOD) 20/33 60.6 ug/L 1000 3000 500 2503 1520 8980 1000 3278 8980 - - - - - - - -
Conductivity 49/49 100 umhos/cm - - 110 397 373 926 110 397 926 -- - - - -- - - -
Cyanide 0/58 0 ug/L 1.1 6.1 0.55 1.82 2.5 3.05 - - - 52 0/58 22 0/58 140 0/58 - -
Dissolved Solids 97/98 99.0 mg/L 4.7 4.7 235 284 210 6100 68 287 6100 - - - - - - - -
Residue, Non-filterable (TSS) 10/10 100 ug/L - - 5000 116,800 42,000 700,000 5000 116,800 700,000 -- - - - - - - -
Settleable Solids 0/4 0 ml/L 0.5 0.5 0.25 0.25 0.25 0.25 - - - - - - - - - - -
Silica 10/10 100 ug/L - - 1440 5207 4050 10,300 1440 5207 10,300 -- - - - -- - - -
Suspended Solids 422 /459 91.9 ug/L 570 5000 285 38,305 19,300 832,000 1100 41,446 832,000 - - - - - - - -
Total Organic Carbon Average 4/4 100 ug/L - - 2930 5275 5355 7460 2930 5275 7460 - - - - - - - -
Turbidity 1/1 100 NTU - -- 16.9 16.9 16.9 16.9 16.9 16.9 16.9 - - -- - - - - -

# One half of the detection limits shown are used as proxy values for chemicals for non-detects except where there is sufficient detected data to calculate Kaplan-Meier summary statistics.

® This summary statistic is calculated using both detects and non-detects. Kaplan-Meier is used where there is sufficient detected data for chemicals.

¢ CCC = Tennessee Department of Environment and Conservation chapter 0400-40-03 fish and aquatic life Criterion Continuous Concentration general water quality criteria September 2019.
¢ CMC = Tennessee Department of Environment and Conservation chapter 0400-40-03 fish and aquatic life Criterion Maximum Concentration general water quality criteria September 2019.
¢ Rec. 00C = Tennessee Department of Environment and Conservation chapter 0400-40-03 recreation Organisms Only Criteria general water quality criteria September 2019.

' DCG = U.S. Environmental Protection Agency derived guideline for radionuclid

Dist. = distribution. Distribution flags are defined as:

D = The distribution could not be determined with fewer than 6 samples and 3 detects. The UCL95 was using the ic Chebyshev incquality method with at least 2 detects and 3 samples.
L = lognormal. UCL9S was calculated using Land's statistic, Chebyshev minimum variance unbiased estimator, or nonparametric Chebyshev inequality method.
N = normal. UCL95 was calculated using t statistic.
O =no detected results to calculate some summary statistics.
X = neither normal, lognormal nor gamma. UCL95 was calculated using a nonparametric bootstrap or the nonparametric Chebyshev inequality method.
mg/L = milligrams per liter.
ng/L = micrograms per liter.
pCi/L = picocuries per liter.
$.D. = standard deviation.

UCLY5 = upper confidence limit on the mean ion with 95% was calculated with at least 2 detected results and at least 3 samples.

UTL95/95 = upper tolerance limit on individual concentrations with 95% confidence and 95% coverage. A nonparametric UTL95/95 requires at least 59 samples.

UTL95/95 values shown in italic font have less than 95% confidence with 95% coverage because there are cither fewer than 59 samples for ic or detects have higher ions than detects.
-- = Not applicable, not available or insufficient data to calculate the statistic.

* The mean, median, standard deviation and UCL95 were calculated using the Kaplan-Meier method for organics and inorganics. UTL95/95 used Kaplan-Meier for parametric distributions for organics and inorganics.
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Attachment 2. EMWMF summary statistics and comparison to AWQC for Unfiltered Contact Water 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >

CAS Freq.of  Percent Detection Limits® Detected ucL UTL Fish Fish Fish Fish Rec. Rec. | 96% of 96% of

Chemical Number ~ Detection Detected Units  Min Max  Min° Mean” Median® Max’ SD” = Min  Mean Max SD. Dist. 95"  9505° ccct ccct |cmc® cmc’ | ooc®  ooc® | bcG'  DCG'

Unfiltered Surface Water from tanks and ponds 2005-2021
Metals
Aluminum 7429905 141/ 149 94.6 ng/L 15 50 7.5 284 188 2490 343 16.2 298 2490 349 L* 349 1168 - - - - - - - -
Antimony 7440360 37/151 245 ng/L 0.55 6 0.275 1.298 0.88 3.1 1.002 0.78 1.449 3.1 05072 X 1.654 2 - - - - 640 0/151 - -
Arsenic 7440382 231/380 60.8 ng/L 0.65 5 0.325 2.709 291 7.27 1.109 0.75 2972 727 09708 X* 3.006 4.5 150 0/380 340  0/380 10 0/380 - -
Barium 7440393 151/151 100 ng/L - - 20.4 472 443 109 152 20.4 472 109 152 L 523 79.2 - - - - - - - -
Beryllium 7440417 21/151 13.9 ng/L 0.02 1 0.01 0.1713 0.1 0.5 0.1801 0.02 0.1052 029 0.0894 X 0.2352 0.24 - - - - - - - -
Boron 7440428 150/ 150 100 ng/L - - 16.9 573 305 2860 598 16.9 573 2860 598 L 710 2381 - - - - - - - -
Cadmium 7440439 73 /380 19.2 ng/L 0.08 1 0.04 0.2407 0.21 1 0.1489 0.08 0.291 1 0.1675 X*  0.3053 0.4 025 35/380 2.014 0/380 - - - -
Calcium 7440702 150/ 150 100 ng/L - - 18,500 111,521 104,500 266,000 53,542 18,500 111,521 266,000 53,542 N 118,756 211,636 - - - - - - - -
Chromium 7440473 347/382 90.8 ng/L 0.25 5 0.125 13.1 5.41 309 34.0 0.3 14.2 309 355 X* 20.7 105 74 12/382 570 0/382 - - - -
Chromium, hexavalent 18540299  250/589 42.4 ng/L 6 6 3 13.4 6 250 24.8 6 235 250 358 X* 17.9 62 11 127 /589 16 781589 - - - -
Cobalt 7440484 44 /137 32.1 ng/L 0.2 5 0.1 0.4392 0.34 3.7 0.4672 0.13 0.5732 3.7 0.5897 X*  0.6761 1.12 - - - - - - - -
Copper 7440508 303 /431 70.3 ng/L 0.3 5 0.15 4432 29 80.2 6.322 0.574 521 80.2 7.388  X* 5.769 15 9 31/431 13 19/431 - - - -
Hafnium 7440586 0/55 0 ng/L 3 50 1.5 3.722 1.5 25 6.796 - - - - O - - - -- - - - - - -
Iron 7439896 146 /149 98.0 ng/L 30 50 542 437 345 3790 454 542 446 3790 456 G* 506 1339 - - - - - - - -
Lead 7439921 193 /380 50.8 ng/L 0.3 3 0.15 1.415 1.01 16.1 1.417 0.5 1.802 16.1 1.845  X* 1.749 4.5 2.5 39/380 64.6  0/380 - - - -
Lithium 7439932 98 /149 65.8 ng/L 2 15 1 39.5 9.1 898 109 2.76 56.4 898 131 X* 78.4 498 - - - - - - - -
Magnesium 7439954 150/ 150 100 ng/L - - 4370 10,162 9225 33,200 4587 4370 10,162 33,200 4587 L 11,546 19,338 - - - - - - - -
Manganese 7439965 148 /150 98.7 ng/L 1 5 0.5 134 84.6 1270 157 10.2 135 1270 158 L* 160 519 - - - - - - - -
Mercury 7439976 234/399 58.6 ng/L  2.0E-04 0.2 1.0E-04  0.0263 0.016 0.8 0.0471  0.0022  0.0337 0.8 0.0591 X* 0.0369 0.0938  0.77 1/399 1.4 0/399 0.051 37/399 - -
Molybdenum 7439987 137/139 98.6 ng/L  0.165 5 0.0825 13.1 11.4 30.6 6.221 15 132 30.6 6.18 G* 14.1 274 - - - - - - - -
Nickel 7440020 228/380 60 ng/L 1.5 10 0.75 5179 2.57 81.2 7.499 0.98 6.868 81.2 9.268 X* 6.873 252 52 1/380 468 0/380 4600 0/380 - -
Phosphorus 7723140 87/97 89.7 ng/L 15 60 7.5 353 274 346 354 8.26 375 346 36.8 L* 37.7 84.4 - - - - - - - -
Potassium 7440097 149/ 149 100 ng/L -- - 938 8717 5500 34,300 6800 938 8717 34,300 6800 X 11,146 28,000 - - - - - - - -
Selenium 7782492 45/360 12.5 ng/L 0.9 10 0.45 1.578 125 5 0.9757 0.96 1.926 42 0.678 X 1.802 2.1 5 0/360 20 0/360 - - - -
Silver 7440224 3/149 2.01 ng/L 0.1 1 0.05 0.2115 0.125 0.5 0.163 0.22 0.3267 0.47 0.129 X 0.2698 0.22 - - 3217 0/149 - - - -
Sodium 7440235 149/ 149 100 ng/L - - 2890 29,541 24,100 77,600 16,694 2890 29,541 77,600 16,694 L 32,655 74,986 - - - - - - - -
Strontium 7440246 148 /149 99.3 ng/L 50 50 25 458 348 1540 306 77.8 461 1540 306 L* 521 1367 - - - - - - - -
Thallium 7440280 7/151 4.64 ng/L 0.45 4.1 0.225 0.902 0.829 5 0.5661 0.56 2.533 5 1.895  X* 1.459 4.2 - - - - 0.47 7/151 - -
Tin 7440315 7/149 4.7 ng/L 0.7 50 0.312 5.37 0.75 25 9.513 0.312 2.874 8.81 3.322 X 8.767 34 - - - - - - - -
Titanium 7440326 85/127 66.9 ng/L 0.25 5 0.125 5.073 2.64 39.5 6.334 0.19 6.626 39.5 7242  X* 7.568 274 - - - - - - - -
Uranium 7440611 311/371 83.8 ng/L  0.067 15 0.0335 30.9 26 190 22.1 3.44 35.1 190 21.7 X* 359 80.9 - - - - - - - -
Vanadium 7440622 74 /149 49.7 ng/L 0.15 20 0.075 1.9 0.72 11.1 2417 0.18 2.486 11.1 2572 X* 2.963 9.92 - - - - - - - -
Zinc 7440666 129/ 154 83.8 ng/L 33 10 0.88 28.9 14.4 213 33.8 0.88 334 213 354 L* 36.0 125 120 5/154 117 5/154 - - - -
Zirconium 7440677 4/55 7.27 ng/L 0.66 50 0.33 0.9323 0.33 25 3.328 0.736  0.7935 0.866 0.054 X 2.889 0.866 - - - - - - - -
Other Inorganics
Asbestos 1332214 0/291 0 MFL - - 0.1 0.1013 0.1 0.49 0.0229 - - - - (6] - - - - - - - - - -
Dioxins/Furans
1,2,3,7,8,9-Hexachlorodibenzo-p-dioxin 19408743 0/2 0 ug/L  2.5E-05 2.5E-05 1.3E-05 1.3E-05 1.3E-05 1.3E-05 0 - - - - o - - - - - - - - - -
2,3,7,8-Tetrachlorodibenzo-p-dioxin 1746016 1/47 2.13 ng/L  4.6E-08 S5.1E-06 2.3E-08 7.2E-07 5.0E-07 2.6E-06 6.5E-07 14E-07 14E-07 14E-07 - D -- 1.4E-07 - - - - - - - -
Herbicides
Silvex 93721 3/22 13.6 pg/L 0011 0.5 0.0055  0.101 0.0293 0.25 0.116 0.016  0.0277 0.05 00193 L 0.517 0.0816 - - - - - - - -
Pesticides

4,4-DDD 72548 24/587 4.09 pg/L  0.0019  0.0595 9.5E-04 0.0119  0.0053 0.051 0.0106  0.011 0.0264  0.051 0.0127 X 0.0138 0.014 - - - - 0.0031 24/587 - -
4,4'-DDE 72559 28/587 4.77 ug/L  0.0019 0.0595 9.5E-04 0.0166  0.0019 2.11 0.1198 0.01 0.2005 211 0.5227  X*  0.0392 0.022 - - - - 0.0022 28/587 - -
4,4-DDT 50293 9/577 1.56 pg/L  0.0019  0.0595 9.5E-04 0.0052  0.0019 0.066  0.0089 0.013 0.0328 0.066 0.017 X* 0.0105 0.013 0.001  9/577 1.1 0/577  0.0022 9/577 - -
Aldrin 309002 21/562 3.74 ug/L  0.0013  0.0595 6.3E-04  0.01 0.0035 0.044  0.0104 0.0074 0.0163  0.044 0.0091 X 0.0119 0.011 - - 3 0/562 5.0E-04 21/562 - -
Chlordane 57749 0/303 0 ng/L  0.0144 0.294 0.0072  0.0408 0.05 0.147 0.0266 - - - - o - - 0.0043  0/303 24 0/303 0.0081 0/303 - -
Dieldrin 60571 12/589 2.04 ug/L  0.0019 0.2 9.5E-04 0.0118  0.0053 0.1 0.0107  0.011  0.0176 0.0364 0.008 X 0.0137 0.011 0.056  0/589 024 0/589 5.4E-04 12/589 - -
Endosulfan I 959988 12/331 3.63 png/L  0.0013  0.0595 6.3E-04 0.0149 0.025 0.0298 0.0114  0.011 0.0183 0.026 0.0049 X 0.0176 0.014 0.056  0/331 022 0/331 89 0/331 - -
Endosulfan II 33213659 6/346 1.73 ug/L  0.0019 0.0595 9.5E-04 0.0158 0.025 0.0298  0.011 0.011  0.0159  0.028 0.0063 X 0.0184 0.011 0.056  0/346 022 0/346 89 0/346 - -
Endosulfan sulfate 1031078 7/336 2.08 pg/L  0.0019  0.0595 9.5E-04 0.0044 0.0019 0.126  0.0087 0.01 0.0316 0.126  0.0423 X* 0.009 0.01 - - - - 89 0/336 - -
Endrin 72208 3/346 0.87 pug/L  0.0019  0.0595 9.5E-04 0.0159 0.025 0.0298  0.011 0.015  0.0207  0.027  0.006 X 0.0185 0.015 0.036  0/346 0.086 0/346 0.06 0/346 - -
Endrin aldehyde 7421934 1/356 0.28 pg/L  0.0013  0.0595 6.3E-04 0.0158 0.025 0.0298 0.0114  0.012 0.012 0.012 - D - 0.012 - - - - 0.3 0/356 - -
Endrin ketone 53494705 0/304 0 pug/L - 0.0019 0.1 9.5E-04 0.0148 0.025 0.05 0.0114 - - - - o - - - - - - - - - -
Heptachlor 76448 7/304 23 pg/L  0.0013  0.0595 6.3E-04 0.014 0.025 0.0298 0.0115 0.011 0.0124 0.015 0.0014 X 0.0168 0.011  0.0038 7/304 052 0/304 79E-04 7/304 - -
Heptachlor epoxide 1024573 8/346 231 pg/L  0.0013  0.0595 6.3E-04 0.0154 0.025 0.0298 0.0114  0.011 0.016 ~ 0.0241 0.0051 X 0.0181 0.011  0.0038 8/346 052 0/346 3.9E-04 8/346 - -
Lindane 58899 0/131 0 ug/L  0.0013  0.0256 6.3E-04 0.0019 7.0E-04 0.0128 0.0021 - - - - o - - - - 0.95 0/131 1.8 0/131 - -
Methoxychlor 72435 22/330 6.67 ug/L  0.0094 0.192  0.0047  0.0208 0.025 0.096 0.0115 0.011  0.0247 0.05  0.0098 X 0.0235 0.026  0.001 22/330 - - - - - -
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Non-detect Freq. > Freq. > Freq. > Freq. >

CAS Freq.of  Percent Detection Limits® Detected ucL UTL Fish Fish Fish Fish Rec. Rec. | 96% of 96% of

Chemical Number  Detection Detected Units  Min Max  Min® Mean® Median® Max’® SD.” = Min Mean Max SD. Dist. 95  9505° CcC® ccc® [cmc® cmc | ooc® ooct | bcG' DcG'
alpha-BHC 319846 2/336 06  pgL 00013 00595 63E-04 00152 0025 00298 00115 0011 00155 002 00064 D 00179 0011 - - - - 0.049 0/336 - -
alpha-Chlordane 5103719 3/356 084  pgL 00013 00595 63E-04 00158 0025 00298 00114 001 00167 0023 00065 X 00184 0.0l . - . - . - - -
beta-BHC 319857 106/577 184  pg/L 00013 00595 6.3E-04 00152 0011 0318 00273 0001 00465 0318 00499 X* 00209 0.064 - - - - 017  3/577 - -
delta-BHC 319868 4/336 119 pgL 00013 00595 63E-04 00153 0025 00372 00115 0013 00226 00372 00103 X 00181 0013 - - . - - - - -
gamma-Chlordane 5103742 11/356 309  pgL 00013 00595 63E-04 00159 0025 0045 00115 0011 0024 0045 00109 X 00185 0011 - - - - - - - -

Polychlorinated Biphenyls
PCB-1016 12674112 0/360 0 pg/ll 00314 0476 00157 01285 02 0238  0.0886 - - - - o - - - - 05 0/360 64E-04 0/360 - -
PCB-1221 11104282 0/360 0 pg/l 00314 0476 00157 01289 02 0238 00884 - . - . o - - . - 05 0/360 64E-04 0/360 - -
PCB-1232 11141165 0/360 0 pg/ll 00314 0476 00157 01286 0.2 0238 0.0885 - - - - o - - - - 05 0/360 64E-04 0/360 - -
PCB-1242 53469219 0/360 0 pg/ll 00314 0476 00157 01278 02 0238 00891 - . - . o) - - . - 05 0/360 64E-04 0/360 - -
PCB-1248 12672296 1/360 028  pgL 00314 0476 00157 0.1284 02 0238 00887 0.I11 0111 0111 - D - 0.111 - - 05 0/360 64E-04 1/360 - -
PCB-1254 11097691 9/360 25 pg/ll 00314 0476 00157 01275 02 0238 00879 00435 01066 023 0058 X 01477 00435 - - 05 0/360 64E-04 9/360 - -
PCB-1260 11096825 1/360 028  pgL 00314 0476 00157 0278 02 0238  0.0889 0.14 014 0.4 - D - 0.14 - - 05 0/360 64E-04 1/360 - -
PCB-1262 37324235 0/346 0 pg/ll 00314 0476 00157 01272 02 0285 00901 - . - . o - - . - 05 0/346 64E-04 0/346 - -
PCB-1268 11100144 0/348 0 pg/ll 00314 0476 00157 0.1261 0.2 0.238  0.089 - - - - o - - - - 0.5 0/348 64E-04 0/348 - -
Polychlorinated biphenyl 1336363 0/12 0 pg/ll  0.14 0.18 0.07  0.0808  0.08 009 00051 - - - - o) - - 0014 0/12 - - 6.4E-04 0/12 - -
Semivolatile Organics

1,2,4-Trichlorobenzene 120821 0/358 0 pgll 136 112 068 3454 5 5.6 1.928 - - - - o) - - - - - - 70 0/358 - -
1,2-Dichlorobenzene 95501 0/358 0 pgll 136 112 0.68  3.456 5 5.6 1.926 - - - - o - - - - - - 1300 0/358 - -
1,3-Dichlorobenzene 541731 0/358 0 pgll 136 112 068 3458 5 56 1.924 - - - - o) - - - - - - 960  0/358 - -
1,4-Dichlorobenzene 106467 0/358 0 pgll 136 1.2 0.68  3.458 5 5.6 1.923 - - - - o - - - - - - 190 0/358 - -
2,3,4,6-Tetrachlorophenol 58902 0/350 0 pgll 136 112 068 3417 5 5.6 1.934 - . - . o) - - - - - - - - - -
2,4-Dimethylphenol 105679 23/346 6.65 pgl 136 1.2 0.68  3.321 5 727 1896 203 3567 727 1212 X 3.765 35 - - - - 850  0/346 - -
2,4-Dinitrophenol 51285 0/346 0 pgll 227 50 1135 8189 125 25 5328 - - - - o - - - - - - 5300  0/346 - -
2-Methylnaphthalene 91576 0/356 0 pg/ll 0136 112 0068  3.078 5 56 2373 - - - - o - - - - - - - - - -
2-Methylphenol 95487 11/346 318 pgL 136 112 068 3322 5 5.6 1921 202 258 339 03893 X 3772 202 - - - - - - - -
3- and 4- Methylphenol N2799  41/186 220  pgL 19 105 095 6.092 591 22 278 202 7573 22 4258 X* 7735 13 - - - - - - - -
4-Chloro-3-methylphenol 59507 0/336 0 pgll 136 112 068 3352 5 5.6 1.946 - - - - o - - - - - - - - - -
4-Methylphenol 106445 0/12 0 pgll 10 1 5 5.042 5 55 01443 - - - - 0 - - . - - - . - - -
Acenaphthene 83329 37358 084  pgL 0136 112 0068  3.09 5 56 2369 0165 02393 0328 00824 X 3635  0.165 - - - - 990 0/358 - -
Acenaphthylene 208968 0/336 0 pg/l 0136 112 0068 2962 5 56 2393 - - - - o - - - - - - - - - -
Acetophenone 98862 3/326 092  pgL 136 112 068 3427 5 5.6 1926 205  3.087 4 09808 X 3892 205 - - - - - - - -
Anthracene 120127 16/346 462 pgL 0136 112 0068 2927 5 56 2351 0.8 2072 344 09418 X 3478 223 - - - - 40,000 0/346 - -
Benz(a)anthracene 56553 0/346 0 pg/ll 0136 112 0.068  3.038 5 56 2371 - - - - o - - - - - - 0.18  0/346 - -
Benzenemethanol 100516 0/336 0 pgll 136 20 0.68  3.82 5 10 2.684 - - - - o - - - - - - - - - -
Benzidine 92875 0/199 0 pgll 147 515 0735 8431 1.95 25.8 10.7 - - - - o - - - - - - 0.002  0/199 - -
Benzo(a)pyrene 50328 0/346 0 pgll 0136 112 0068  3.024 5 56 2378 - - - - o - - - - - - 0.18  0/346 - -
Benzo(b)fluoranthene 205992 0/346 0 pgll 0136 112 0.068  3.021 5 56 2383 - - - - o - - - - - - 0.18  0/346 - -
Benzo(ghi)perylene 191242 0/346 0 pgl 0136 112 0068  3.021 5 56 2383 - - - - o - - - - - - - - - -
Benzo(k)fluoranthene 207089 0/346 0 pgll 0136 112 0.068  3.021 5 56 2383 - - - - o - - - - - - 0.18  0/346 - -
Benzoic acid 65850 72/358 201  pgl 273 53 05  6.041 2.88 769 8513 05 106 769 144 X* 8854 207 . - - . . - - -
Bis(2-ethylhexyl)phthalate 117817 22/346 636 pgL 0.5 112 0075 3313 5 11 1988 05 3.561 11 2403 X 3779 36 - - - - 2 0/346 - -
Butyl benzyl phthalate 85687 1/346 029 pgL 0.5 112 0075 34 5 5.6 1.93 0.6 0.6 0.6 . D - 0.6 . - . - 1900  0/346 - -
Carbazole 86748 37358 084  pgL 0136 112 0068  3.091 5 56 2367 0274 04063 055 01383 X  3.636 0274 - - - - - - - -
Chrysene 218019 0/346 0 pgl 0136 112 0068  3.021 5 56 2383 . . - . o) - - . - . - 0.18  0/346 - -
Di-n-butyl phthalate 84742 10/358 279 pgl 0.5 112 0075 3333 5 5.6 1.961 0.5 0.93 2 04165 X 3785 0.5 - - - - 4500 0/358 - -
Di-n-octylphthalate 117840 0/346 0 pgll 015 112 0075 3412 5 56 1.927 . . - . o) - - . - . - . - - -
Dibenz(a,h)anthracene 53703 0/346 0 pgll 0136 112 0068  3.021 5 56 2383 - - - - o - - - - - - 0.18  0/346 - -
Dibenzofuran 132649 0/346 0 pgll 136 112 0.68  3.399 5 5.6 1.938 . . - . o) - - . - . - . - - -
Diethyl phthalate 84662 12/346 347 pgl 015 112 0075 326 5 5.6 1967 05 1145 202 0652 X 372 0.6 - - - - 44,000 0/346 - -
Dimethyl phthalate 131113 1/346 029 pgL 015 112 0075 3386 5 56 1944 261 261 261 . D - 261 . - . - LIE+06 0/346 - -
Diphenylamine 122394 0/131 0 pgll 136 333 068 1111 0.8 1.665 03739 - - - - o - - - - - - - - - -
Fluoranthene 206440 5/346 145  pgL 0136 112 0068  3.023 5 56 238 0172 02128 0265 00382 X 358 0172 . - . . 140 0/346 - -
Fluorene 86737 2/346 058  pgL 0136 112 0068  3.021 5 56 2382 02 0221 0242 00297 D 3579 02 - - - - 5300 0/346 - -
Hexachlorobenzene 118741 0/254 0 pgll 136 1.2 0.68 3.0 1.588 5.6 1.972 . . - . o) - - . - . - 0.0029 0/254 - -
Hexachlorobutadiene 87683 0/334 0 pgll 136 112 0.68  3.342 5 5.6 1.948 - - - - o - - - - - - 180 0/334 - -
Hexachloroethane 67721 0/17 0 pgll 10 11 5 5.029 5 55 01213 - . - . o) - - . - . - 33 0/17 - -
Indeno(1,2,3-cd)pyrene 193395 0/346 0 pg/ll 0136 112 0068  3.021 5 56 2383 - - - - o - - - - - - 0.18  0/346 - -
Isophorone 78591 0/346 0 pgll 147 112 0735 3457 5 56 1.873 . - - - o) - - . - . - 9600 0/346 - -
Naphthalene 91203 6/358 168  pgl 0136 11 0.068  3.079 5 55 2362 0242 2071 488 1991 X 3623 0242 - - - - - - - -
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Non-detect Freq. > Freq. > Freq. > Freq. >

CAS Freq.of  Percent Detection Limits® Detected ucL UTL Fish Fish Fish Fish Rec. Rec. | 96% of 96% of

Chemical Number ~ Detection Detected Units Min  Max  Min° Mean” Median® Max” SD’ ~ Min  Mean Max SD. Dist. 95" 9505° ccc® ccc® |cmc’ cmc! | ooc® ooct | bce'  bca'
Pentachlorophenol 87865 3/346 0.87 png/L  0.0833 11.2 0.0417  0.4421 0.179 18.9 1.711 8.94 13.6 18.9 5.015  X* 1.41 8.94 15 1/346 19 0/346 30 0/346 - -
Phenanthrene 85018 6/346 1.73 ng/L 0.136 10.5 0.068 3.013 5 5.25 2.376 0.195 0.5983 227 0.8204 X 3.57 0.195 - - - - - - - -
Phenol 108952 46 /350 13.1 ng/L 1.36 10.5 0.68 3.185 2.72 18.7 2.759 0.8 5.617 18.7 3.58 X* 4.461 7.94 - - - - 1.7E+06  0/350 - -
Pyrene 129000 0/346 0 pg/L 0136 11.2 0.068 3.021 5 5.6 2.383 - - - - o - - - - - - 4000 0/346 - -
m+p Methylphenol 65794969 4/159 2.52 ng/l 1.47 10.3 0.735 1.925 1.58 5.57 1.411 2.03 3.113 5.57 1.65 X 2413 2.03 - - - - - - - -

Volatile Organics
(1,1-Dimethylethyl)benzene 98066 0/29 0 ng/L 0.18 5 0.09 1.342 2.5 2.5 1.22 - - - - o} - - - - - - - - - -
(1-Methylpropyl)benzene 135988 0/29 0 pgl  0.17 5 0.085 1.34 25 25 1.222 - - - - 0] - - - - - - - - - -
1,1,1-Trichloroethane 71556 0/333 0 ng/L 0.17 5 0.085 1.475 2.5 2.5 1.169 - - - - (o} - - - -- - - - - - -
1,1,2,2-Tetrachloroethane 79345 0/16 0 ng/L 5 5 2.5 2.5 2.5 25 0 - - -- - o} - - - - - - 40 0/16 - -
1,1,2-Trichloroethane 79005 0/305 0 ng/L 0.2 5 0.1 1.397 2.5 2.5 1.176 - - - - O - - - -- - - 160 0/305 - -
1,1-Dichloroethane 75343 0/333 0 pug/L 0.7 5 0.085 1.475 25 25 1.169 - - - - 0] - -- - - - - - - - -
1,1-Dichloroethene 75354 0/311 0 ng/L 0.17 5 0.085 1.403 2.5 2.5 1.176 - - - - O - - - - - - 7100 0/311 - -
1,2,3-Trimethylbenzene 526738 0/13 0 ng/L 5 5 25 25 25 25 0 - - - - o) - - - - - - - - - -
1,2,4-Trimethylbenzene 95636 0/322 0 ng/L 0.17 5 0.085 1.455 2.5 2.5 1.171 - - - - (o} - - - -- - - - - - -
1,2-Dichloroethane 107062 0/16 0 pg/L 5 5 2.5 2.5 2.5 25 0 - - - - o} - - - - - - 370 0/16 - -
1,2-Dichloroethene 540590 0/10 0 ng/L 5 5 2.5 2.5 2.5 2.5 0 - - - - o - - - - - - - - - -
1,2-Dichloropropane 78875 0/16 0 ng/L 5 5 2.5 2.5 2.5 25 1] - - - - o} - - - - - - 150 0/16 - -
1,2-Dimethylbenzene 95476 0/357 0 ng/l 017 5 0.085 1.557 25 2.5 1.155 - - - - 0] - - - - - - - - - -
1,3,5-Trimethylbenzene 108678 0/322 0 pugL 0.7 5 0.085 1.463 25 25 1.163 - - - - 0] - - - - - - - - - -
1,3-Dimethylbenzene 108383 0/24 0 ug/L 5 5 25 2.5 25 2.5 0 - - - - 0] - -- - - - - - - - -
1-Methyl-4-(1-methylethyl)benzene 99876 0/29 0 pgl 017 5 0.085 1.34 2.5 2.5 1.222 - - - - 0] - - - - - - - - - -
2-Butanone 78933 4/346 1.16 ug/L 1.5 10 0.75 3.284 5 6 2.038 2 4.203 6 1.682 X 3.762 2 - - - - - - - -
2-Hexanone 591786 1/337 0.3 ng/L 1.5 10 0.75 3.285 5 5 1.996 2 2 2 - D - 2 - - - - - - - -
4-Methyl-2-pentanone 108101 0/358 0 ng/L 1.5 10 0.75 3.31 5 5 2.076 - - - - 0] - - - - - - - - - -
Acetone 67641 104 /360 28.9 ng/L 1.5 10 0.75 7.236 4.36 64.3 8.79 1 15.7 64.3 11.9 X* 9.528 31.1 - - - - - - - -
Acrylonitrile 107131 0/254 0 ng/L 1.5 20 0.75 5.235 0.835 10 4.627 - - - - (o) -- - - - - - 2.5 0/254 - -
Benzene 71432 1/360 0.28 ng/L 0.17 5 0.085 1.549 25 25 1.155 1.26 1.26 1.26 - D - 1.26 - - - - 510 0/360 - -
Bromodichloromethane 75274 0/16 0 ng/L 5 5 2.5 2.5 2.5 2.5 0 - - - - o) - - - -- - - 170 0/16 - -
Bromoform 75252 0/148 0 ng/L 0.3 5 0.15 0.4059 0.15 25 0.7315 - - - - o] - - - - - - 1400 0/148 - -
Bromomethane 74839 0/16 0 ng/L 10 10 5 5 5 5 0 - - - - 0] - - - - - - 1500 0/16 - -
Carbon disulfide 75150 0/347 0 ng/L 0.17 5 0.085 1.755 25 25 0.8942 - - - - o - - - - - - - - - -
Carbon tetrachloride 56235 0/360 0 pg/L 017 5 0.085 1.479 2 2.5 1.108 - - - - 0] - - - - - - 16 0/360 - -
Chlorobenzene 108907 0/358 0 ng/L 0.17 5 0.085 1.56 25 25 1.154 - - - - o - - - - - - 1600 0/358 - -
Chloroethane 75003 0/331 0 pg/l 025 10 0.125 2.889 5 5 2.401 - - - - 0] - - - - - - - - - -
Chloroform 67663 0/360 0 pg/L 017 5 0.085 1.552 25 25 1.156 - - - - o) - - - - - - 4700  0/360 - -
Chloromethane 74873 0/25 0 ug/L 10 10 5 5 5 5 0 - - - - o) - - - - - - - - - -
Cumene 98828 0/337 0 ng/L 0.17 5 0.085 1.501 2.5 25 1.165 - - - - o - - - - - - - - - -
Dibromochloromethane 124481 0/16 0 ng/L 5 5 25 25 2.5 2.5 0 - - - - o) - - - - - - 170 0/16 - -
Ethylbenzene 100414 0/337 0 ug/L 017 5 0.085 1.501 2.5 2.5 1.165 - - - - [0) - - - - - - 2100  0/337 - -
Hexane 110543 0/76 0 ng/L 1.67 5 0.835 1.152 0.835 25 0.645 - - - - (6] - - - - - - - - - -
M + P Xylene 136777612 0/40 0 ng/L 0.19 5 0.095 1.779 2.5 25 1.116 - - -- - [0} -- - - - - - - - - -
Methanol 67561 3/252 1.19 ng/L 200 5000 100 1273 125 2500 1185 440 767 1330 490 X 1598 440 - - - - - - - -
Methylcyclohexane 108872 0/194 0 ng/L 0.3 5 0.15 0.9145 0.15 2.5 1.102 - - - - e} - - - - - - - - - -
Methylene chloride 75092 3/346 0.87 ng/L 0.17 6 0.085 1.678 25 3 0.9898 1 1.273 1.68  0.3591 X 1.91 1 - - - - 5900 0/346 - -
Propylbenzene 103651 0/281 0 ng/L 0.17 5 0.085 1.302 0.1665 25 1.179 - - - - (0] - - - - - - - - - -
Propylene glycol 57556 5/254 197  wg/L 3000 30,000 1500 4445 3000 31,600 4182 11,300 20340 31,600 8383  X* 7884 11300 - - - - - - - -
Styrene 100425 0/306 0 ng/L 0.17 5 0.085 1.4 25 25 1.176 - - - - (0] - - - - - - - - - -
Tetrachloroethene 127184 1/360 0.28 ng/L 0.17 5 0.085 1.551 25 25 1.155 2 2 2 - D - 2 - - - - 33 0/360 - -
Toluene 108883 1/358 0.28 ng/L 0.17 5 0.085 1.556 2.5 2.5 1.154 1 1 1 - D - 1 - - - - 15,000 0/358 - -
Total Xylene 1330207 0/346 0 ng/L 0.3 5 0.15 1.626 25 25 1.123 - - - - (6] - - - - - - - - - -
Trichloroethene 79016 0/360 0 ng/L 0.17 5 0.085 1.552 2.5 2.5 1.156 - - - - O - - - - - - 300 0/360 - -
Trimethylbenzene 25551137 0/2 0 pg/l 033 0.33 0.165 0.165 0.165 0.165 0 - - - - (0] - - - - - - - - - -
Vinyl chloride 75014 0/333 0 pugL 0.7 10 0.085 1.49 25 5 1.198 - - - - [¢) - - - - - - 24 0/333 - -
cis-1,2-Dichloroethene 156592 2/331 0.6 ng/L 0.17 5 0.085 1.484 25 25 1.167 0.31 0.33 0.35 0.0283 D 1.764 0.31 - - - - - - - -
cis-1,3-Dichloropropene 10061015 0/16 0 ng/L 5 5 2.5 2.5 2.5 2.5 0 - - - - o) - - - - - - - - - -
trans-1,2-Dichloroethene 156605 0/16 0 pg/L 5 5 2.5 2.5 2.5 25 0 - - -- - o} - - - - - - 10,000 0/16 - -
trans-1,3-Dichloropropene 10061026 0/16 0 ng/L 5 5 2.5 2.5 2.5 2.5 0 - - - - o) - - - - - - - - - -
Radionuclides
Actinium-227 14952400 4/84 4.76 pCi/L  0.13 0.59 -0.08  0.0868 0.07 0.45 0.0952 0.18 0.2575 041 0.1047 N 0.1041 0.41 - -- - - - - 9.6 0/84
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Attachment 2. EMWMF summary statistics and comparison to AWQC for Unfiltered Contact Water 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
CAS Freq.of  Percent Detection Limits® Detected ucL UTL Fish Fish Fish Fish Rec. Rec. | 96% of 96% of
Chemical Number  Detection Detected Units  Min Max  Min® Mean® Median® Max’® SD.” = Min Mean Max SD. Dist. 95  9505° CcC® ccc® [cmc® cmc | ooc® ooct | bcG' DcG'
Alpha activity 12587461 48/48 100 pCilL - - 117 221 84.1 3160 532 11.7 221 3160 532 L 556 3160 - - - - - - - -
Aluminum-26 14682667  0/33 0 pCilL 278 996  -159 03436 04 256 1.023 . . - . N - - . - . - . - 9600  0/33
Americium-241 14596102 15/359 418  pCiL  0.09 285 -027  0.0653  0.04 123 01141 018 035 123 029 L 0109  0.19 - - - - - - 288 0/359
Americium-243 14993750 13/68 191 pCilL  0.08 0.54  -008 0.1398  0.11 05 01329 019 03377 05 0092 N 01666 0.5 . - . - . - 288 0/68
Beta activity 12587472 48/48 100 pCiL - - 1.1 370 110 3500 668 11.1 370 3500 668 L 570 3500 - - - - - - - -
Californium-252 13981174 0/59 0 pCilL  0.08 056  -006 00018  -0.01 02 0047 . . - . L - - - - . - - - 9 0/59
Carbon-14 14762755 12/363 331 pCil 115 22 926 3526 378 313 5764 131 189 313 4547 X 4844 131 - - - - - - 67,200 0/363
Cesium-137 10045973 7/363 193 pCilL 233 974 476 04171 0.2 967 1766 337 5481 967 215 N 057 337 - - . - - - 2880 0/363
Chlorine-36 13981436 98/363 270 pCiL 022 481 -154 2542 1.4 414 43 203 6945 414 6221 L 383 122 - - - - - - 48,000 0/363
Cobalt-60 10198400  0/350 0 pCilL 228 9.69 35 04646 0425 492 1384 - . - - N - - - - . - - - 4800 0/350
Curium-242 15510733 0/72 0 pCilL  0.08 056 -007 00027  -0.01 02 00453 - - - - L - - - - - - - - 960  0/72
Curium-243/244 N191 3/72 417 pCiL 0.3 084  -0.16 0.1051  0.05 143 02092 047 08333 143 05208 L 02264 143 - - - - - - 48 0/72
Curium-245 15621768 49/347 141 pCiL 00691 099  -007 0139 0.1 124 01469 012 03596 124 01936 L 01809 0464 - - - - - - 288 0/347
Curium-246 15757901 49/347 141 pCiL 00691 099  -007 01396 0.1 124 01469 012 03596 124 01936 L 01809 0464 - - . - - - 288 0/347
Curium-247 15758324 7/345 203 pCiL  0.08 112 0.1 00432 001 15 01198 023 05729 15 04729 X 00713 023 - - - - - - 288 0/345
Curium-248 15758335 9/82 1.0 pCilL  0.07 056 004 0.1115 003 148 0248 016 05842 148 04877 L 02273 148 - - - - - - 768  0/82
Europium-152 14683239 4/350 114 pCiIL 777 659 249 1736 0675 453 9.053 144 270 453 131 X  3.845 14.4 - - - - - - 19,200 0/350
Europium-154 15585101 1/350 029 pCiL 401 27 963 -0.0014  -0.16 122 3199 699 699 699 - N - 6.99 - - . - - - 19,200 0/350
Europium-155 14391163 0/73 0 pCilL  3.95 146  -588 2358  -0.72 8.1 10.1 - - - - X - - - - - - - - 96,000 0/73
Todine-129 15046841 29/592 49  pCiL 0459 309  -1.65 05806  0.615 284 06953 0534 1666 284 06837 X 07052 123 - - - - - - 480  0/592
Lead-210 14255040 42/305 138 pCiL  0.533 1.82 0.7 03982 035 342 04668 048  1.191 342 06079 X 05147 151 - - - - - - 288 0/305
Neptunium-237 13994202 43/358 120  pCilL  0.07 051 =009 0.1175  0.04 73 04939 012 06993 73 1286 X 02313 049 - - - - - - 288 0/358
Nickel-63 13981378 48/325 148  pCiL 532 61 447 134 4.48 273 332 195 69.6 273 566 X 214 94.5 - - - - - - 288,000 0/325
Plutonium-236 15411924 0/73 0 pCilL  0.08 0.54  -007 00178 0 047 00707 - - - - N - - - - - - - - 9 0/73
Plutonium-238 13981163 5/349 143 pCiL  0.06 171 048 00446 00124 535 03547 017 1954 535 244 X 01274 017 - - - - - - 384 0/349
Plutonium-239/240 E52450475  11/359 306  pCiL 005 129 -0.16 00511 001 384 02582 0.8 09518 384 1168 X  0.1105 0.8 - - - - - - 288 0/359
Plutonium-241 14119325 1/327 031  pCiL  8.69 126 44 1193 0 403 9922 30 30 30 - X - 30 - - - - - - 1920 0/327
Plutonium-242 13982100 73/345 212 pCil 004 118 -87.7 -0.1837  0.04 703 4774 009 04971 46 0616 L 03193 076 - - - - - - 288 0/345
Plutonium-244 14119347 0/72 0 pCilL  0.07 027 006 00192 0015 0.15  0.0408 - - - - G - - - - - - - - 288 0/72
Potassium-40 13966002 39/350 1.1 pCiL 204 126  -807 167 174 812 240 301 48.1 812 139 N 18.8 59.9 - - - - - - 6720 0/350
Protactinium-234m 378783767 358/363 986  pCiL 0.3 0.61 0.1 7874 301 93.1 11.9 03 7981 931 120 X 10.6 36 - - - - - - 67,200 0/363
Radioactive Strontium (Total) NS951  449/596 753  pCiL  0.596 2.1 181 373 1.98 1620 137 0463 492 1620 156 X 618 397 - - - - - - - -
Radium-226 13982633 109/361 302  pCiL  0.13 127 -0.09 0318 0.29 132 02477 0106 05822 132 02418 G 03314 092 - - - - - - 96 0/361
Radium-228 15262201 40/361 1.1 pCiL 039 9.19  -056 02957 021 534 04802 0519  1.096 534 07981 X 04058  1.02 - - - - - - 9%  0/361
Technetium-99 14133767 580/591 981  pCilL  3.83 53 -159 821 130 28500 2232 398 837 28500 2250 X 1221 4090 - - - - - - 96,000 0/591
Thorium-227 15623479 2/72 278  pCiL 0.3 059  -008 0.0859  0.07 045 00957 0.8 0295 041 01626 N 01047 041 - - - - - - 3840 0/72
Thorium-228 14274829 12/361 332 pCiL  0.08 157 -0.165  0.05 0.04 055 00833 016 02771 055 01092 G 00511  0.16 - - - - - - 384 0/361
Thorium-229 15594544 11/304 362 pCil  0.06 0.8 59200256 0.0l 33 04679 009 04273 148 04279 X 01426 0.3 - - - - - - 384 0/304
Thorium-230 14269637  203/363 559  pCiL  0.07 137 -0.02 02787 0223 168 02085 013 03728 168 02117 L 03121 075 - - - - - - 288 0/363
Thorium-232 N2608  20/360 556 pCiL  0.05 092 -0.124 00558  0.04 0403 00765 0.3 02427 0403 00903 L 00895 02 - - - - - - 48 0/360
Thorium-234 15065108  347/352 986  pCiL  0.13 0.61 0.1 6916  2.795 93.1 10.2 03 7012 931 102 X 9281 258 - - - - - - 9600  0/352
Tritium 10028178  335/592 566  pCiL 185 608 523 746 346 31,900 1708 243 1231 31,900 2147 X 1052 3010 - - - - - - 1.9E+06  0/592
Uranium-232 14158293 9/70 129  pCilL  0.14 0.4 0.06 0.1274  0.065 082 02059 021 06078 082 01748 L 0233 082 . - . - . - 9 0/70
Uranium-233/234 NS632  594/595 998  pCiL 039 039 035 57.3 27.4 2310 136 0452 574 2310 136 L 815 233 - - - - - - 480  6/595
Uranium-235 15117961 5/5 100 pCilL - . 0478 2.249 1.36 737 2899 0478 2249 737 2899 D 7901  7.37 . - . - . - 576 0/5
Uranium-235/236 NI1047  561/590 951  pCiL 021 202 004 4249 2305 125 803 026 4457 125 8182 L 5052 173 - - - - - - 480 0/590
Uranium-238 24678828  589/595  99.0  pCiL  0.13 061  -0.0307 8973 627 93.1 103 03 9062 931 103 X 108 273 - - . - . - 576 0/595
Yttrium-90 10098916  248/351 707  pCilL  0.687 2.1 181 442 237 1620 145 107 622 1620 170 X 779 458 - - - - - - 9600 0/351
Wet Chemistry
Cyanide 57125 17/562 302 pgl L1 10 0.55 1.94 1.67 18.4 1.28 184 671 184 5025 X* 2315 1.84 52 10/562 22 0/562 140 0/562 - -
Dissolved Solids N340 231/231 100 mgL - . 98.6 404 369 1020 162 98.6 404 1020 162 L 424 773 . - . - . - - -
Suspended Solids N873 257/269 955  pgll 582 5700 291 12,043 8000 77,900 12,319 1040 12,487 77,900 12449 L* 13,197 38,194 - - - - - - - -
Total Organic Carbon Average NS2302  231/231 100 pgl - - 2400 7452 6420 17,700 3476 2400 7452 17,700 3476 L 7840 15,183 - - - - - - - -

# One half of the detection limits shown are used as proxy values for chemicals for non-detects except where there is sufficient detected data to calculate Kaplan-Meier summary statistics.

® This summary statistic is calculated using both detects and non-detects. Kaplan-Meier is used where there is sufficient detected data for chemicals.

© CCC = Tennessee Department of Environment and Conservation chapter 0400-40-03 fish and aquatic life Criterion Continuous Concentration general water quality criteria September 2019.

¢ CMC = Tennessee Department of Environment and Conservation chapter 0400-40-03 fish and aquatic life Criterion Maximum Concentration general water quality criteria September 2019,

¢ Rec. OOC = Tennessee Department of Environment and Conservation chapter 0400-40-03 recreation Organisms Only Criteria general water quality criteria September 2019.

" DCG = U.S. Environmental Protection Agency derived concentration guideline for radionuclides.
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Attachment 2. EMWMF summary statistics and comparison to AWQC for Unfiltered Contact Water 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
CAS Freq.of  Percent Detection Limits® Detected ucL UTL Fish Fish Fish Fish Rec. Rec. | 96% of 96% of
Chemical Number ~ Detection Detected Units  Min Max  Min° Mean” Median® Max’ SD” = Min  Mean Max SD. Dist. 95"  9505° ccct ccct |cmc® cmc’ | ooc®  ooc® | bcG'  DCG'
Dist. = distribution. Distribution flags are defined as:
D = The distribution could not be determined with fewer than 6 samples and 3 detects. The UCL95 was calcul

d using the ic Chebyshev i ali

method with at least 2 detects and 3 samples.
G = gamma. UCL95 was calculated using either the adjusted or unadjusted gamma.

L = lognormal. UCL95 was calculated using Land's statistic, Chebyshev minimum variance unbiased estimator, or nonparametric Chebyshev inequality method.
N = normal. UCL95 was calculated using t statistic.
O = no detected results to calculate some summary statistics.
X = neither normal, lognormal nor gamma. UCL95 was
mg/L = milligrams per liter.

using a ic bootstrap or the ic Chebyshev i method.

ng/L = micrograms per liter.

pCi/L = picocuries per liter.

S.D. = standard deviation.

UCL95 = upper confidence limit on the mean concentration with 95% confidence was calculated with at least 2 detected results and at least 3 samples.
UTL95/95 = upper tolerance limit on individual concentrations with 95% confidence and 95% coverage. A nonparametric UTL95/95 requires at least 59 samples.

UTL95/95 values shown in italic font have less than 95% confidence with 95% coverage because there are either fewer than 59 samples for ic or detects have higher ions than detects.
-- = Not applicable, not available or insufficient data to calculate the statistic.

* The mean, median, standard deviation and UCL95 were calculated using the Kaplan-Meier method for organics and inorganics. UTL95/95 used Kaplan-Meier for parametric distributions for organics and inorganics.
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Attachment 3. EMWMF summary statistics and comparison to AWQC for unfiltered leachate 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freg.of  Percent Detection Limits” Detected Fish Fish Fish  Fish Rec. Rec. | 96% of 96% of
Chemical Detection Detected Units Min _ Max  Min® Mean® Median’ Max’ ~ Min  Mean Max CCC® ccc® [cmc® cmc! | ooc® ooc® | bce'  DcG'
Unfiltered water that has leached through waste 2005-2021
Anions
Chloride 33/33 100 ng/lL - - 5760 18,266 16,800 34,500 5760 18,266 34,500 - - - - - - - -
Fluoride 31/33 93.9 ng/L 200 500 100 323 292 839 170 328 839 - - - - - - - -
Nitrate 1/1 100 ng/lL - - 2590 2590 2590 2590 2590 2590 2590 - - - - - - - -
Nitrate/Nitrite 20/20 100 ng/L - - 324 882 786 1900 324 882 1900 - - - - - - - -
Nitrate/Nitrite as Nitrogen 12/12 100 ng/L - - 295 591 496 1360 295 591 1360 - - - - - - - -
Orthophosphate 0/1 0 ng/L 67 67 335 335 335 335 - - - - - - - - - - -
Sulfate 33/33 100 ng/L - - 91,700 379,291 356,000 881,000 91,700 379,291 881,000 - - - - - - - -
Metals
Aluminum 1777288 61.5 ng/L 15 50 7.5 114 554 2370 22.9 163 2370 - - - - - - - -
Antimony 8/290 2.76 ng/L 0.55 6 0.275 1.435 0.5 3.34 0.62 1.664 3.34 - - - - 640 0/290 - -
Arsenic 112/429 26.1 ng/L 0.65 5 0.325 2.104 2.25 5.19 0.94 2.534 5.19 150 0/429 340 0/429 10 0/429 - -
Barium 290/290 100 ng/L - - 23.8 62.5 61.0 460 23.8 62.5 460 - - - - - - - -
Beryllium 9/284 3.17 ng/lL 0.02 1 0.01 0.2458 0.1 0.5 0.02 0.0511 0.12 - - - - - - - -
Boron 290/290 100 ng/L - - 75.1 522 301 3470 75.1 522 3470 - - - - - - - -
Cadmium 34/429 7.93 ng/L 0.08 1 0.04 0.1895 0.15 0.712 0.08 0.235 0.712 025 12/429 2.014 0/429 - - - -
Calcium 289/289 100 pgll - - 77,900 168,976 166,000 323,000 77,900 168,976 323,000 - - - - - - - -
Chromium 1597435 36.6 png/L  0.0996 5 0.0498 2.533 1.13 96.9 0.42 4.715 96.9 74 1/435 570 0/435 - - - -
Chromium, hexavalent 1/164 0.61 ng/L 6 6 3 3.543 3 92 92 92 92 11 1/164 16 1/164 - - - -
Cobalt 43/282 152 ug/l 0.22 5 0.1 0.6136 0.37 533 0.1 0.8882 533 - - - - - - - -
Copper 206 /429 48.0 ng/L 0.3 5 0.15 1.713 0.967 12.8 0.337 2.008 12.8 9 1/429 13 0/429 - - - -
Hafnium 0/220 0 ug/lL 3 50 1.5 9.586 1.5 25 -- - -- - -- - - - - - -
Iron 238/288 82.6 ng/L 30 50 15 212 95 9000 223 249 9000 - - - - - - - -
Lead 20/435 4.6 ng/L 0.4 3 0.2 0.6126 0.44 4.53 0.44 1.464 4.53 2.5 3/435 64.6 0/435 - - -- --
Lithium 73 /289 253 ug/L 2 15 1 5.848 3.8 407 1.4 11.7 407 - - - - - - - -
Magnesium 289/289 100 ng/lL - - 9720 23,600 23,400 38,700 9720 23,600 38,700 - - - - - - - -
Manganese 278 /289 96.2 ng/L 1 1 0.5 290 130 7240 0.87 302 7240 - - - - - - - -
Mercury 1197435 274 g/l 2.0E-04 0.2 1.0E-04  0.0095  0.0056 0.342 0.0029  0.0158 0.342 0.77 0/435 14 0/435 0.051 9/435 -- --
Molybdenum 142/279 50.9 pug/L  0.165 5 0.0825  4.062 3.53 38.1 0.91 5.238 38.1 - - - - - - - -
Nickel 209 /435 48.0 pg/L  0.149 10 0.0745 7.189 3.82 125 0.76 11.0 125 52 5/435 468 0/435 4600  0/435 -- --
Phosphorus 223/263 84.8 ng/L 15 60 7.5 313 28.1 156 12.8 33.6 156 - - - - - - - -
Potassium 288/288 100 ug/L - - 1930 9145 7440 25,400 1930 9145 25,400 - - - - - - - -
Selenium 10/290 345 ng/L 0.02 5 0.01 0.9198 0.65 6.52 12 235 6.52 5 1/290 20 0/290 - - - -
Silver 0/282 0 ng/L 0.1 5 0.05 1.019 0.125 2.5 - - - - - 3217 0/282 - - -- --
Sodium 288 /288 100 ug/L - - 12,100 49,623 46,600 118,000 12,100 49,623 118,000 - - - - - - - -
Strontium 288 /288 100 ng/L - - 152 569 519 1520 152 569 1520 - - - - - - - -
Thallium 6/284 2.11 ng/L 0.25 40 0.125 1.348 0.3 20 1.05 1.52 2.02 - - - - 0.47 6/284 - -
Tin 13/288 4.51 pgl 0.1 250 0.05 6.624 1.645 125 0.36 4173 34 - - - - - - - -
Titanium 87/274 31.8 ug/L 1 5 0.259 2.932 1.77 40.1 0.259 5.441 40.1 - - - - - - - -
Uranium 312/429 727 g/l 0.067 50 0.0335 153 9.93 388 0.523 18.0 388 - - - - - - - --
Vanadium 107/288 372 pug/L  0.15 10 0.075 5.484 2.8 25.8 0.21 9.152 25.8 - - - - - - - -
Zinc 124 /288 43.1 ng/L 33 10 1.65 8.539 7 90.4 22 11.6 90.4 120 0/288 117 0/288 - - -- --
Zirconium 271237 11.4 ng/L 0.66 50 0.33 6.647 0.33 25 0.91 2.63 14.7 - - - - - - - -
Other Inorganics
Asbestos 0/14 0 MFL - - 0.1 0.1 0.1 0.1 - - - - - - - - - - -
Dioxins/Furans
1,2,3,4,6,7.8-Heptachlorodibenzo-p-dioxin 1/2 50 ug/L  2.6E-06 2.6E-06 7.3E-07 1.0E-06 1.0E-06 1.3E-06 7.3E-07 7.3E-07 7.3E-07 - - - - - - - -
1,2,3,4,6,7,8-Heptachlorodibenzofuran 0/2 0 pg/L  8.3E-07 9.9E-07 4.1E-07 4.5E-07 4.5E-07 4.9E-07 - - - - - - - - - - -
1,2,3,4,7,8,9-Heptachlorodibenzofuran 0/2 0 pug/L  2.8E-07 14E-06 14E-07 4.1E-07 4.1E-07 6.9E-07 - - - - - - - - - - -
2,3,7,8-Tetrachlorodibenzo-p-dioxin 3/187 1.6 ng/L 0 5.0E-06 4.0E-08 2.6E-07 1.6E-07 2.2E-05 1.6E-07 7.6E-06 2.2E-05 - - - - - - - -
Octachloro-dibenzo[b,e][1,4]dioxin 1/2 50 ug/L  44E-06 44E-06 2.2E-06 3.4E-06 3.4E-06 4.7E-06 4.7E-06 4.7E-06 4.7E-06 - - - - - - - -
Octachlorodibenzofuran 1/2 50 pg/L  4.0E-06 4.0E-06 9.2E-07 14E-06 14E-06 2.0E-06 9.2E-07 9.2E-07 9.2E-07 - - - - - - - -
Total Hexachlorodibenzo-p-dioxins 0/2 0 ng/L -- - 0 0 0 0 - - - - - - - . - - -
Total Hexachlorodibenzofurans 0/2 0 ng/L - - 0 0 0 0 - - - - - - - - - - -
Total Pentachlorodibenzo-p-dioxins 0/2 0 ng/L -- - 0 0 0 0 - - - - - - -- - - - -
Total Pentachlorodibenzofurans 0/2 0 ng/L - - 0 0 0 0 - - - - - - -- - - - -
Total Tetrachlorodibenzo-p-dioxins 0/2 0 ng/L -- - 0 0 0 0 - - - - - - - . - - -
Total Tetrachlorodibenzofuran 0/2 0 ng/L - - 0 0 0 0 - - - - - - - - - - -
Herbicides
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Attachment 3. EMWMF summary statistics and comparison to AWQC for unfiltered leachate 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >

Freg.of  Percent Detection Limits” Detected Fish Fish Fish  Fish Rec. Rec. | 96% of 96% of

Chemical Detection Detected Units  Min  Max  Min° Mean” Median’ Max’ ~ Min  Mean Max CCC° cCC® |cMC' cmc’ | ooc® ooc’ | bcG'  DCG'
24,5-T 0/71 0 ng/L  0.0786 0.5 0.0393 0.084 0.0425 0.25 - - - - - - - - - - -
2,4-D 1/71 1.41 ug/L  0.0786 0.5 0.0393  0.0841 0.0425 0.25 0.052 0.052 0.052 - - - - - - - -
Dinoseb 0/2 0 ng/L 0.5 0.5 0.25 0.25 0.25 0.25 - - - - - - - - - - -
Silvex 4/253 1.58 pg/L  0.0751 0.83 0.0376  0.1095 0.0783 1.54 0.174 0.85 1.54 - - - - - - - -

Pesticides
2,4-DDD 0/2 0 ng/L 0.05 0.05 0.025 0.025 0.025 0.025 - - - - - - - - - - -
2,4'-DDE 0/2 0 ng/L 0.05 0.05 0.025 0.025 0.025 0.025 - - - - - - - - - - -
2,4-DDT 0/2 0 ng/L 0.05 0.05 0.025 0.025 0.025 0.025 - - - - - - - - - - -
4,4'-DDD 5/429 1.17 pg/L  0.0019  0.0526 9.4E-04 0.0029 0.0019  0.0767 0.0106 0.0252  0.0767 - - - - 0.0031 5/429 - -
4,4'-DDE 6/429 14 pg/L  0.0019  0.0581 9.4E-04 0.0101 0.0051 0.0291  0.0071  0.0164 0.02 - - - - 0.0022 6/429 - -
4,4-DDT 6/422 1.42 pg/L  0.0019  0.0581 9.4E-04 0.0102  0.0051 0.0302  0.0073  0.0222  0.0302  0.001 6/422 1.1 0/422 0.0022 6/422 - -
Aldrin 1/417 0.24 pg/L  0.0012  0.0581 6.2E-04  0.009 0.0033 0.0291 0.014 0.014 0.014 - - 3 0/417 5.0E-04 1/417 - -
Chlordane 0/120 0 pg/L  0.0143 0.153 0.0072  0.0243  0.0174  0.0765 - - - 0.0043  0/120 24 0/120 0.0081 0/120 - -
Dieldrin 0/433 0 pg/L  0.0019 0.5 9.4E-04 0.0165 0.0051 0.25 - - - 0.056  0/433 024 0/433 54E-04 0/433 - -
Endosulfan I 3/267 1.12 pg/L  0.0012  0.0581 6.2E-04 0.0126  0.0035  0.0291 0.011 0.012 0.014 0.056  0/267 022 0/267 89 0/267 - -
Endosulfan IT 0/275 0 pg/L  0.0019  0.0581 9.4E-04 0.0136 0.0055 0.0291 - - - 0.056  0/275 022 0/275 89 0/275 - -
Endosulfan sulfate 4/272 1.47 pg/L  0.0019  0.0581 9.4E-04 0.0134  0.0055  0.0291 0.014 0.0163  0.0203 - - - - 89 0/272 -- -
Endrin 1/275 0.36 pg/L  0.0019  0.0581 9.4E-04 0.0137 0.0056 0.0291  0.0155 0.0155  0.0155 0.036 0/275 0.086 0/275 0.06 0/275 - -
Endrin aldehyde 3/282 1.06 pg/L  0.0012  0.0581 6.2E-04 0.0133  0.0065 0.031 0.011 0.019 0.031 - - - - 0.3 0/282 -- -
Endrin ketone 0/254 0 pg/L  0.0019  0.0581 9.4E-04 0.0127 0.0052 0.0291 - - - - - - - - - - -
Heptachlor 0/254 0 pg/L  0.0012  0.0581 6.2E-04 0.0121 0.0034  0.0291 - - - 0.0038 0/254 052 0/254 7.9E-04 0/254 -- -
Heptachlor epoxide 8/275 291 pg/L  0.0012  0.0581 6.2E-04 0.0074 0.0014 0.419 0.0037 0.077 0.419 0.0038 7/275 052 0/275 3.9E-04 8/275 - -
Lindane 1/159 0.63 pg/L  0.0012 0.052  6.2E-04 0.0043  0.0032 0.027 0.027 0.027 0.027 - - 095 0/159 1.8 0/159 -- -
Methoxychlor 8/270 2.96 png/L  0.0094 0.109 0.0047  0.0123 0.011 0.332 0.011 0.0521 0.332 0.001 8/270 - - - - - -
Toxaphene 0/28 0 pg/L  0.0309 0.52 0.0155  0.1664 0.25 0.26 - - - 2.0E-04 0/28 073 0/28 0.0028 0/28 -- -
alpha-BHC 12/274 4.38 pg/L  0.0012  0.0581 6.2E-04 0.0128 0.0037 0.046 0.0065  0.0173 0.046 - - - - 0.049 0/274 - -
alpha-Chlordane 0/282 0 pg/L  0.0012  0.0581 6.2E-04 0.0134  0.0065  0.0291 - - - - - - - - - -- -
beta-BHC 29/422 6.87 pg/L  0.0012  0.0581 6.2E-04  0.0063 0.0013 0.09 0.0104  0.0265 0.09 - - - - 0.17 0/422 - -
delta-BHC 1/274 0.36 pg/L  0.0012  0.0581 6.2E-04  0.013 0.0036  0.0291  0.0153  0.0153  0.0153 - - - - - - -- -
gamma-Chlordane 3/282 1.06 pg/L  0.0012  0.0581 6.2E-04 0.0133 0.0065 0.0291 0.013 0.0151 0.019 - - - - - - - -
Polychlorinated Biphenyls
PCB-1016 0/282 0 pg/L  0.0311 0.465 0.0156  0.1055 0.0185 0.2325 - - - - - 0.5 0/282 6.4E-04 0/282 - -
PCB-1221 0/282 0 pg/L  0.0311 0.465 0.0156  0.1055  0.0185  0.2325 - - - - - 05 0/282 6.4E-04 0/282 -- --
PCB-1232 0/282 0 pg/L  0.0311 0.465 0.0156  0.1055 0.0185 0.2325 - - - - - 05 0/282 6.4E-04 0/282 - -
PCB-1242 1/288 0.35 pg/L  0.0311 0.465 0.0156  0.1084  0.0193 0.276 0.276 0.276 0.276 - - 05 0/288 6.4E-04 1/288 -- --
PCB-1248 0/282 0 pg/L  0.0311 0.465 0.0156  0.1055  0.0185  0.2325 - - - - - 05 0/282 6.4E-04 0/282 - --
PCB-1254 1/288 0.35 pg/L  0.0311 0.465 0.0156  0.1081 0.0193  0.2325 0.19 0.19 0.19 - - 05 0/288 6.4E-04 1/288 -- --
PCB-1260 1/288 0.35 pg/L  0.0311 0.465 0.0156  0.1072  0.0188  0.2325 0.11 0.11 0.11 - - 05 0/288 6.4E-04 1/288 - -
PCB-1262 0/277 0 pg/L  0.0311 0.465 0.0156  0.1038 0.0179 0.2325 - - - - - 05 0/277 6.4E-04 0/277 - -
PCB-1268 0/278 0 pg/L  0.0311 0.465 0.0156  0.1042 0.018 0.2325 - - - - - 05 0/278 6.4E-04 0/278 - -
Semivolatile Organics

1,2,4,5-Tetrachlorobenzene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 1.1 0/2 - -
1,2,4-Trichlorobenzene 0/286 0 ng/L 1.33 11.1 0.665 2.897 1.563 5.55 - - - - - - - 70 0/286 - -
1,2-Dichlorobenzene 0/286 0 ng/L 1.33 11.1 0.665 2.897 1.563 5.55 - - - - - - - 1300 0/286 - -
1,2-Diphenylhydrazine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - -- 2 0/2 -- --
1,3-Dichlorobenzene 0/286 0 ng/L 1.33 11.1 0.665 2.897 1.563 5.55 - - - - - - - 960 0/286 - -
1,3-Phenylenediamine 0/2 0 ng/L 10 10 5 5 N 5 - - - - - - -- - - -- --
1,4-Dichlorobenzene 0/286 0 ng/L 1.33 11.1 0.665 2.897 1.563 5.55 - - - - - - - 190 0/286 - -
1,4-Dinitrobenzene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - -- - - - --
1,4-Dioxane 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
2,3,4,6-Tetrachlorophenol 0/278 0 ng/L 1.33 11.1 0.665 2.836 1.5 5.55 - - - - - - -- - - -- --
2,4,5-Trichlorophenol 0/33 0 ng/L 1.35 25 0.675 4.731 5 125 - - - - - - - 3600 0/33 - -
2,4,6-Trichlorophenol 0/28 0 ug/L 1.35 50 0.675 3.791 5 25 - - - - - - - 24 0/28 - -
2,4-Dichlorophenol 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 290 0/2 - -
2,4-Dimethylaniline 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - -- - - -- --
2,4-Dimethylphenol 0/274 0 ng/L 1.33 11.1 0.665 2.805 1.5 5.55 - - - - - - - 850 0/274 - -
2,4-Dinitrophenol 0/274 0 ng/L 221 50 1.105 6.796 25 25 - - - - - - - 5300 0/274 - -
2,4-Dinitrotoluene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 34 0/2 - -
2,6-Dichlorophenol 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - -- - - - --
2,6-Dinitrotoluene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -




Attachment 3. EMWMF summary statistics and comparison to AWQC for unfiltered leachate 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >

Freg.of  Percent Detection Limits” Detected Fish Fish Fish  Fish Rec. Rec. | 96% of 96% of

Chemical Detection Detected Units Min _ Max  Min® Mean® Median’ Max’ ~ Min  Mean Max CCC® ccc® [cmc® cmc! | ooc® ooc® | bce'  DcG'
2-Acetylaminofluorene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
2-Chloronaphthalene 0/33 0 ng/L 0.15 10 0.075 3.076 5 5 - - - - - - -- 1600 0/33 - --
2-Chlorophenol 0/33 0 ng/L 1.35 10 0.675 3.368 5 5 - - - - - - - 150 0/33 - -
2-Methoxyaniline 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
2-Methyl-4,6-dinitrophenol 0/33 0 ng/L 1.35 10 0.675 3.368 5 5 - - - - - - - 280 0/33 - -
2-Methylnaphthalene 0/282 0 ugL  0.133 11.1 0.0665  2.495 0.15 5.55 -- - -- - - - - - - - -
2-Methylphenol 0/274 0 ng/L 1.33 11.1 0.665 2.805 1.5 5.55 - - - - - - - - - - -
2-Naphthalenamine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
2-Nitrobenzenamine 0/33 0 ng/L 1.35 25 0.675 6.095 5 12.5 -- - -- - - - - - - - -
2-Nitrophenol 0/28 0 ng/L 1.35 10 0.675 3.076 5 5 - - - - - - - - - - -
3,3-Dichlorobenzidine 0/33 0 ng/L 0.5 3 0.25 0.4889 0.25 1.5 - - - - - - - 0.28 0/33 -- -
3- and 4- Methylphenol 0/114 0 pg/L 10 11.1 5 5.016 5 5.55 - - - - - - - - - - -
3-Methylcholanthrene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
4,4'-Methylenebis(2-chloroaniline) 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
4-Aminobiphenyl 0/2 0 ng/L 10 10 5 5 5 5 -- - - - - - - - - - -
4-Bromophenyl phenyl ether 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
4-Chloro-3-methylphenol 0/271 0 ng/L 1.33 11.1 0.665 2.78 1.5 5.55 - - - - - - - - - - -
4-Chlorobenzenamine 0/2 0 ng/L 25 25 12.5 12.5 12.5 12.5 -- - -- - - - - - - - -
4-Methylphenol 0/5 0 ug/L 10 10 5 5 5 5 -- - -- - - - - - - - -
4-Nitrobenzenamine 0/33 0 pgL 135 10 0.675 3.368 5 5 -- - -- - - - - - - - -
4-Nitrophenol 0/25 0 ng/L 1.35 25 0.675 6.445 1.5 12.5 - - - - - - - - - - -
5-(2-Propenyl)-1,3-benzodioxole (Safrole) 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
S-Nitro-o-toluidine 0/2 0 ng/L 10 10 5 5 5 5 -- - - - - - - - - - -
Acenaphthene 0/286 0 pg/L  0.133 11.1 0.0665 2414 0.1563 5.55 - - - - - - - 990 0/286 - -
Acenaphthylene 0/272 0 pg/L  0.133 11.1 0.0665  2.403 0.15 5.55 -- - -- - - - - - - - -
Acetophenone 0/274 0 ugL 133 11.1 0.665 2.805 1.5 5.55 -- - -- - -- - - - - - -
Aniline 0/2 0 pgl 10 10 5 5 5 5 - — - - - - - - . - -
Anthracene 0/280 0 pg/L 0133 11.1 0.0665 2477 0.15 5.55 - - - - - - - 40,000 0/280 - -
Aramite 0/2 0 pgll 10 10 5 5 5 5 - - - . - . - . . . -
Benz(a)anthracene 1/280 0.36 pg/L 0133 0.644 0.0665  0.1649 0.15 0.5 0.5 0.5 0.5 - - - - 0.18 1/280 - -
Benzenemethanol 0/274 0 ng/L 1.33 21 0.665 3.153 1.5 10.5 - - - - - - - - - - -
Benzidine 0/252 0 ng/L 1.5 55.6 0.75 11.5 1.03 27.8 - - - - - - - 0.002 0/252 - .
Benzo(a)pyrene 1/280 0.36 pg/L  0.133 0.644  0.0665  0.1668 0.15 0.6 0.6 0.6 0.6 - - - - 0.18 1/280 -- --
Benzo(b)fluoranthene 0/280 0 pg/L 0133 0.644 0.0665 0.164 0.15 0.322 - - - - - - - 0.18 0/280 - -
Benzo(ghi)perylene 0/275 0 pg/L  0.133 10 0.0665 04215 0.15 5 - - - - - - - - - - -
Benzo(k)fluoranthene 0/280 0 png/L  0.133 0.644 0.0665 0.164 0.15 0.322 - - - - - - - 0.18 0/280 - -
Benzoic acid 8/283 2.83 ng/L 2.65 52 0.6 7911 3 26 0.6 2.666 5.68 - - - - - - - -
Bis(2-chloroethoxy)methane 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Bis(2-chloroethyl) ether 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 53 0/2 - -
Bis(2-chloroisopropyl) ether 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 65,000 0/2 - -
Bis(2-ethylhexyl)phthalate 20/280 7.14 ng/L 0.3 10 0.15 1.338 0.8 16.9 0.5 3.799 16.9 - - - - 22 0/280 - -
Butyl benzyl phthalate 1/275 0.36 png/L  0.142 11.1 0.071 2.79 1.5 5.55 0.7 0.7 0.7 - - - - 1900  0/275 - -
Carbazole 0/286 0 pg/L 0133 5.56 0.0665 1.191 0.1563 2.78 - - - - - - - - - - -
Chlorobenzilate 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - . - - - -
Chrysene 0/275 0 pg/L 0133 11.1 0.0665 2432 0.15 5.55 - - - - - - - 0.18 0/275 - -
Di-n-butyl phthalate 6/286 2.1 pg/L  0.142 11.1 0.071 2734 1.443 5.55 1 1.333 2 - - - - 4500 0/286 - -
Di-n-octylphthalate 0/275 0 ugL  0.142 11.1 0.071 2.806 1.5 5.55 -- - -- - -- - - - - - -
Dibenz(a,h)anthracene 2/280 0.71 pg/L  0.133 0.644  0.0665  0.1525 0.147 0.7 0.18 0.44 0.7 - - - - 0.18 1/280 - --
Dibenzofuran 0/275 0 pugL 133 11.1 0.665 2.813 1.5 5.55 - - - - - - - - - - -
Diethyl phthalate 1/275 0.36 pg/L  0.142 11.1 0.071 2.789 1.5 5.55 0.5 0.5 0.5 - - - - 44,000 0/275 - -
Dimethyl phthalate 3/275 1.09 pg/L  0.142 11.1 0.071 2.77 1.5 5.55 1 1.757 22 - - - - 1.1IE+06 0/275 - -
Diphenylamine 0/144 0 ng/L 1.33 3.19 0.665 0.8088 0.75 1.595 - - - - - - - . - - -
Disulfoton 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Famphur 0/2 0 ug/L 10 10 5 5 5 5 - - - - - - - - - - -
Fluoranthene 0/280 0 pg/L 0133 11.1 0.0665 2477 0.15 5.55 - - - - - - - 140 0/280 - -
Fluorene 0/280 0 pg/L  0.133 11.1 0.0665 2477 0.15 5.55 - - - - - - - 5300 0/280 - -
Hexachloro-1-propene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Hexachlorobenzene 0/224 0 ng/L 1.33 10 0.665 2.306 0.755 5 - - - - - - - 0.0029 0/224 - -
Hexachlorobutadiene 0/271 0 ng/L 1.33 11.1 0.665 2.78 1.5 5.55 - - - - - - -- 180 0/271 -- --
Hexachlorocyclopentadiene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 1100 0/2 - -
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Hexachloroethane 0/39 0 ng/L 1.35 10 0.675 3.619 5 5 - - - - - - - 33 0/39 - -
Indeno(1,2,3-cd)pyrene 1/280 0.36 pg/L 0133 0.644 0.0665  0.1652 0.15 0.6 0.6 0.6 0.6 - - - - 0.18 1/280 - -
Isodrin 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Isophorone 0/280 0 ng/L L5 11.1 0.75 2.916 1.75 5.55 - - - - - - - 9600  0/280 - -
Isosafrole 0/2 0 ug/L 10 10 5 5 5 5 - - - - - - - - - - -
Kepone 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - -- - - - --
Methapyrilene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - . -
Methyl methanesulfonate 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - -- - - - --
Methyl parathion 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - . -
N-Nitroso-di-n-butylamine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 22 0/2 - -
N-Nitroso-di-n-propylamine 0/33 0 ng/L 1.35 10 0.675 3.368 5 5 - - - - - - - 5.1 0/33 - -
N-Nitrosodiethylamine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 24 0/2 - -
N-Nitrosodimethylamine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 30 0/2 - .
N-Nitrosodiphenylamine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 60 0/2 - -
N-Nitrosomethylethylamine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - . - - - -
N-Nitrosomorpholine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
N-Nitrosopiperidine 0/2 0 ng/L 10 10 5 5 5 5 -- - - - - - - - - - -
N-Nitrosopyrrolidine 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 340 0/2 - -
Naphthalene 0/286 0 pg/L  0.133 11.1 0.0665 2.414 0.1563 5.55 - - - - - - - - - - -
Naphtho(1,2,3,4-def)chrysene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Nitrobenzene 0/28 0 ng/l 1.35 10 0.675 3.076 5 S - - - - - - - 690 0/28 - -
Parathion 0/2 0 ng/L 10 10 5 5 5 5 - - - 0.013 0/2 0.065 0/2 - - - -
Pentachlorobenzene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - 1.5 0/2 - -
Pentachloronitrobenzene 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Pentachlorophenol 22/279 7.89 pg/L  0.0467 0526  0.0234  0.1627 0.104 1.75 0.104  0.4253 1.75 15 0/279 19  0/279 30 0/279 -- -
Phenacetin 0/2 0 ng/L 10 10 5 5 5 5 -- - -- - - - - - - - -
Phenanthrene 0/280 0 pg/L 0133 11.1 0.0665 2477 0.15 5.55 - - - - - - - - - - -
Phenol 0/281 0 ng/L 1.33 11.1 0.665 2.859 1.5 5.55 - - - - - - - 1.7E+06 0/281 - -
Phorate 0/2 0 gl 10 10 5 5 5 5 - - - - - . - - - - -
Phthalic anhydride 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Pronamide 0/2 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Pyrene 0/275 0 pug/l  0.133 111 0.0665  2.432 0.15 5.55 - - - - - - - 4000 0/275 - -
Pyridine 0/28 0 wgl 135 10 0675  3.076 5 5 - - - - - - - - - - .
Tris(2,3-dibromopropyl) phosphate 0/2 0 ng/L 50 50 25 25 25 25 - - - - - - - - - - -
m+p Methylphenol 0/161 0 ng/L 1.5 10.3 0.75 1.408 0.925 5.15 - - - - - - - - - - -
p-Cresidine 0/2 0 pg/L 10 10 5 5 5 5 -- - -- - - - - - - - -
Volatile Organics
(1,1-Dimethylethyl)benzene 0/722 0 ng/L 0.3 5 0.15 1.986 2.5 2.5 - - - - - - - - - - -
(1-Methylpropyl)benzene 0/722 0 ng/L 0.3 5 0.15 1.986 25 2.5 -- - - - - - - - - - -
1,1,1,2-Tetrachloroethane 0/9 0 ng/L 5 5 2.5 2.5 2.5 2.5 - - - - - - - - - - -
1,1,1-Trichloroethane 0/881 0 ng/L 0.3 5 0.15 1.826 2.5 2.5 - - - - - - - - - - -
1,1,2,2-Tetrachloroethane 0/106 0 ng/L 0.3 5 0.15 1.99 2.5 2.5 - - - - - - - 40 0/106 - -
1,1,2-Trichloro-1,2,2-trifluoroethane 0/89 0 ng/L 15 5 0.75 2.078 25 2.5 - - - - - - - - - - -
1,1,2-Trichloroethane 0/822 0 ng/L 0.3 5 0.15 1.783 2.5 2.5 - - - - - - - 160 0/822 - -
1,1-Dichloroethane 0/881 0 ng/L 0.3 5 0.15 1.826 25 2.5 - - - - - - - - - - -
1,1-Dichloroethene 0/834 0 ng/L 0.3 5 0.15 1.788 2.5 2.5 - - - - - - - 7100  0/834 - -
1,2,3-Trichloropropane 0/9 0 ng/L 5 5 2.5 2.5 2.5 2.5 - - - - - - -- - - - -
1,2,3-Trimethylbenzene 0/556 0 ng/L 5 5 25 2.5 25 25 - - -- - - - - - - - -
1,2,4-Trimethylbenzene 0/828 0 ng/L 0.3 5 0.15 1.788 25 25 - - - -~ - - - . - - -
1,2-Dibromo-3-chloropropane 0/9 0 ng/L 5 5 2.5 2.5 25 2.5 - - - - - - - - - - -
1,2-Dibromoethane 0/9 0 ng/L 5 5 2.5 2.5 2.5 2.5 - - - - - - -- - - - -
1,2-Dichloroethane 0/106 0 ug/lL 0.3 5 0.15 1.99 2.5 2.5 - - - - - - - 370 0/106 - -
1,2-Dichloroethene 0/67 0 ng/L 0.3 5 0.15 2257 25 2.5 - - - - - - -- - - - -
1,2-Dichloropropane 0/106 0 ng/L 0.3 5 0.15 1.99 25 2.5 - - - - - - - 150 0/106 - -
1,2-Dimethylbenzene 0/869 0 ng/L 0.3 5 0.15 1.822 25 25 - - -- - - - - - - - -
1,3,5-Trimethylbenzene 0/828 0 ng/L 0.3 5 0.15 1.792 2.5 2.5 -- - -- - - - - - - - -
1,3-Dimethylbenzene 0/4 0 ng/L 5 5 2.5 2.5 2.5 2.5 - - - - - - - - - - -
1-Butanol 0/9 0 ng/L 250 250 125 125 125 125 - - - - - - - - - - -
1-Methyl-4-(1-methylethyl)benzene 0/722 0 ng/L 0.3 5 0.15 1.986 2.5 2.5 - - - - - - - - - - -
2-Butanone 11/898 1.22 ng/L 1.5 10 0.75 3.24 1 1770 2 164 1770 - - - - - - - -
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2-Chloro-1,3-butadiene 0/9 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
2-Hexanone 0/898 0 ng/L 1.5 10 0.75 3.868 N 5 - - - - - - -- - - - --
4-Methyl-2-pentanone 0/916 0 ng/L 15 10 0.75 3.837 5 5 -- - - - - - - - - - -
Acetone 58/918 6.32 ng/L 1.5 10 0.75 6.17 2 1730 2 60.0 1730 - - - - - - - -
Acetonitrile 0/9 0 ng/L 20 20 10 10 10 10 - - - - - - - - - - -
Acrolein 0/9 0 ng/L 10 10 5 5 5 5 - - - 3 0/9 3 0/9 9 0/9 - -
Acrylonitrile 0/684 0 ng/L 1.5 20 0.75 6.543 10 10 - - - - - - - 2.5 0/684 - -
Allyl chloride 0/9 0 ng/L 5 5 2.5 2.5 2.5 2.5 - - - - - - - - - - -
Benzene 0/918 0 ng/L 0.3 5 0.15 1.853 2.5 2.5 - - - - - - - 510 0/918 - -
Bromodichloromethane 0/106 0 pg/L 0.3 5 0.15 1.99 2.5 2.5 - - - - - - -- 170 0/106 - -
Bromoform 0/335 0 ng/L 0.3 5 0.15 0.7334 0.15 2.5 - - - - - - - 1400  0/335 - -
Bromomethane 0/106 0 ng/L 0.3 10 0.15 3.948 5 5 - - - - - - -- 1500  0/106 - --
Carbon disulfide 1/899 0.11 ug/L 1.5 5 0.75 2.01 25 2.5 1.24 1.24 1.24 - - - - - - - -
Carbon tetrachloride 0/918 0 ng/L 0.3 5 0.15 1.845 25 2.5 - - - - - - -- 16 0/918 - --
Chlorobenzene 0/916 0 ng/L 0.3 5 0.15 1.856 2.5 2.5 - - - - - - - 1600 0/916 - -
Chloroethane 1/879 0.11 ng/lL 0.3 10 0.1 2.063 25 5 0.1 0.1 0.1 - - - - - - - -
Chloroform 2/918 0.22 ng/L 0.3 5 0.15 1.85 2.5 2.5 1 1.175 1.35 - - - - 4700 0/918 -- -
Chloromethane 0/106 0 ng/L 0.3 10 0.15 3.948 5 5 - - - - - - - - - - -
Cumene 0/873 0 ug/L 0.3 5 0.15 1.825 2.5 2.5 -- - - - - - - - - - -
Cyclohexanone 0/9 0 ng/L 100 100 50 50 50 50 -- - -- - -- - - - - - -
Dibromochloromethane 0/106 0 ng/L 0.3 5 0.15 1.99 25 2.5 -- - - - - - - 170 0/106 - -
Dibromomethane 0/9 0 ng/L 5 5 25 2.5 25 25 -- - - - - - - - - - -
Dichlorodifluoromethane 0/9 0 ng/L 5 5 2.5 2.5 25 2.5 -- - - - - - - - - - -
Diethyl ether 0/9 0 ng/L 10 10 5 5 5 5 -- - -- - - - - - - - -
Ethane 0/96 0 g/l 5 10 2.5 3.125 25 5 - - - - - - - . - - -
Ethyl acetate 0/9 0 ng/L 10 10 5 5 5 5 -- - -- - - - - - - - -
Ethyl cyanide 0/9 0 ng/L 20 20 10 10 10 10 - - - - - - - - - - .
Ethyl methacrylate 0/9 0 pg/L 5 5 25 25 25 25 -- - -- - -- = - - - = -
Ethylbenzene 0/898 0 ug/L 0.3 5 0.15 1.844 2.5 25 -- - -- - - - - 2100 0/898 - -
Ethylene 0/96 0 g/l 5 10 25 3.125 25 5 - - - - - - - - - - -
Ethylene oxide 0/9 0 ng/L 50 50 25 25 25 25 - - - - - - - - - - -
Hexane 1/798 0.13 ng/l 1.67 5 0.835 1.995 25 25 1.22 1.22 1.22 - - - - - - - -
lodomethane 0/9 0 ug/L 5 5 25 2.5 25 2.5 - - - - - - - - - - -
Isobutanol 0/9 0 ug/L 50 50 25 25 25 25 -- - -- - -- - - - - - -
M + P Xylene 0/71 0 pgll 03 5 0.15  2.403 25 25 - - - - - - - - - - -
Methacrylonitrile 0/9 0 ng/L 10 10 5 5 5 5 - - - - - - - - - - -
Methane 13/96 13.5 ng/L 5 10 1.01 2.34 1.37 29.6 1.01 5712 29.6 - - - - - - - -
Methanol 3/222 1.35 ug/l 200 5000 100 378 250 5710 820 2777 5710 - - - - - - - -
Methyl methacrylate 0/9 0 ng/L 5 5 2.5 2.5 2.5 2.5 - - - - - - - - - - -
Methylcyclohexane 0/912 0 ng/L 0.3 5 0.15 1.854 2.5 2.5 - - - - - - - - - - -
Methylene chloride 12/898 1.34 ng/L 1 5 0.5 0.2743 0.1 7 1 2.483 7 - - - - 5900 0/898 - -
Propylbenzene 0/815 0 ug/lL 0.3 5 0.15 1.777 2.5 2.5 - - - - - - - - - - -
Propylene glycol 2/222 0.9 pg/L 3000 60,000 1500 5270 1500 30,000 14,400 14,750 15,100 - - - - - - - -
Styrene 0/827 0 ng/L 0.3 5 0.15 1.787 2.5 2.5 - - - - - - - - - - -
Tetrachloroethene 0/918 0 ng/L 0.3 5 0.15 1.853 2.5 2.5 - - - - - - -- 33 0/918 - -
Toluene 4/916 0.44 ng/L 0.3 5 0.15 0.3392 0.3 12.8 0.97 5.14 12.8 - - - - 15,000 0/916 - -
Total Xylene 0/916 0 ng/L 0.3 5 0.15 1.864 2.5 2.5 - - - - - - -- - - - --
Trichloroethene 0/918 0 ng/L 0.3 5 0.15 1.853 2.5 2.5 - - - - - - - 300 0/918 - -
Trichlorofluoromethane 0/9 [ ng/L 5 5 2.5 2.5 25 25 - - - - - - -- - - - -
Trimethylbenzene 0/251 0 ug/L 0.3 0.33 0.15 0.1513 0.15 0.165 - - - - - - - - - - -
Vinyl chloride 0/881 0 ng/L 0.3 10 0.15 1.837 2.5 5 - - - - - - -- 24 0/881 - --
cis-1,2-Dichloroethene 0/879 0 ng/L 0.3 5 0.15 1.829 2.5 2.5 - - - - - - - - - - -
cis-1,3-Dichloropropene 0/106 0 ng/L 0.3 5 0.15 1.99 2.5 2.5 - - - - - - - - - - -
trans-1,2-Dichloroethene 0/106 0 ng/L 0.3 5 0.15 1.99 2.5 2.5 - - - - - - - 10,000 0/106 - -
trans-1,3-Dichloropropene 0/106 0 ng/L 0.3 5 0.15 1.99 25 25 -- - -- - - - - - - - -

Radionuclides

Actinium-225 1/29 3.45 pCi/L 0.08 0.503 -0.18 0.0723 0.05 0.528 0.18 0.18 0.18 - - - - - - - -

Actinium-227 17 /208 8.17 pCi/L  0.08 0.96 -0.09 0.0966 0.07 0.48 0.16 0.2935 0.48 - - - - - - 9.6 0/208
Alpha activity 33/33 100 pCi/L - - 5.7 97.6 58.5 832 5.7 97.6 832 - - - - - - - -

Aluminum-26 2/185 1.08 pCi/L 1.6 9.84 -2.68 0.2506 0.19 7.34 2.33 4.835 7.34 - - - - - - 9600  0/185
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Attachment 3. EMWMF summary statistics and comparison to AWQC for unfiltered leachate 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freg.of  Percent Detection Limits” Detected Fish Fish Fish  Fish Rec. Rec. | 96% of 96% of
Chemical Detection Detected Units  Min Max  Min®  Mean” Median” Max’ ~ Min  Mean Max CCC® ccc® |[cMc' cMmc® | ooc® ooc® | bcG'  DcG'
Americium-241 8/287 279  pCiL 0.5 099  -0.15 00636  0.04 1.46 0.14 05248 146 - - - - - - 288  0/287
Americium-243 33/200 165  pCilL  0.06 112 =009 01402 011 112 0.14 03624 112 - - - - - - 288 0/200
Antimony-126 1/33 303 pCiL  3.69 355 -10.5  -0.5769  -0.18 7.92 7.92 7.92 7.92 - - - - - - - -
Barium-133 0/28 0 pCilL  3.54 688 407 -0.6425 -0.0087  1.62 - - - - - - - - - - -
Beta activity 33/33 100 pCiL - - 2.94 210 94.9 1240 2.94 210 1240 - - - - - - - -
Bismuth-207 1/33 303 pCiL 248 697 326 02563  0.16 5.16 35 35 35 - - - - - - - -
Californium-249 2/33 606  pCiL  0.07 055 006 00621  0.05 031 012 0215 031 - - - - - - - -
Californium-250 0/33 0 pCiL 003 0575 -0.168 0.0126 0 0.192 - - - - - - - - - - -
Californium-251 1/33 303 pCiL 0.1 086  -0.11 00755  0.07 0.39 039 0.39 039 - - - - - - - -
Californium-252 0/195 0 pCiL  0.03 107 -0.176  0.0123 0 0.22 - - - - - - - - - 9  0/195
Carbon-14 15/290 517  pCiL 108 222 217 4774 4195 227 143 17.8 227 - - - - - - 67,200 0/290
Cesium-135 0/33 0 pCiL 127 255 7.9 1.284 1.06 14.6 - - - - - - - - - - -
Cesium-137 2/290 069 pCiL 231 166  -407 06286  0.704 6.68 3.1 4215 533 - - - - - - 2880 0/290
Chlorine-36 69/290 238  pCiL  0.02 52 (12 2342 1.32 332 19 6.66 332 - - - - - - 48,000 0/290
Cobalt-60 2/282 071  pCiL 245 8.97 30 0529 0.41 10.1 6.96 8.53 10.1 - - - - - - 4800 0/282
Curium-242 0/202 0 pCiL  0.03 107 -0.176 00118 0 0.22 - - - - - - - - - 960 0/202
Curium-243/244 6/200 3 pCilL  0.07 099 021 00503  0.03 0.43 0.16 02667 043 - - - - - - 48 0/200
Curium-245 41/279 147 pCiL 007 114 -014 0142 0118 113 013 03738 113 - - - - - - 288 0/279
Curium-246 41/279 147 pCiL 007 114 014 0142 0118 113 013 03738 113 - - - - - - 288 0/279
Curium-247 3/282 106 pCilL 008 12 0121 00332 0 0758 034 053 0758 - - - - - - 288  0/282
Curium-248 8/206 388 pCiL 0.5 122 012 00535  0.03 0.96 0.8 03075 044 - - - - - - 7.68  0/206
Europium-152 1/282 035  pCiL  7.69 722 263 07083 0.545 434 434 434 434 - - - - - - 19200 0/282
Europium-154 0/281 0 pCilL  3.65 254 872 02144 026 15.4 - - - - - - - - - 19200 0/281
Europium-155 1/202 05  pCiL 381 143 -405  -1432  -0.125 62 531 531 531 - - - - - - 96,000 0/202
Todine-129 717434 164  pCi/L 0458 273  -097 07833 08015 351 0531 1355  3.51 - - - - - - 480 0/434
Lead-210 39/263 148  pCiL 041 137 -0498 03431 031 1.63 042 09246 163 - - - - - - 288 0/263
Lead-212 0/33 0 pCilL  4.62 9.16 526 1.024 1.01 755 - - - - - - - - - - -
Neptunium-237 22/287 767  pCUL 00141 048  -0.09 00756 00348 333 0.15 05347 333 - - - - - - 288 0/287
Nickel-59 0/32 0 pCiL 132 346 176 -146 <194 122 - - - - - - - - - - -
Nickel-63 39/282 138 pCiL 131 278 956 116 7.45 292 17.1 46.7 292 - - - - - -~ 288,000 0/282
Niobium-93m 2/32 625 pCiL 044 6860  -3630  -138 0 4350 86 236 386 - - - - - - - -
Niobium-94 1/33 303 pCiL 292 635 254 04214 053 436 4.36 436 4.36 - - - - - - - -
Plutonium-236 2/197 102 pCiL  0.08 075  -0.18 00231 0.0l 035 033 0.34 035 - - - - - - 9% 0/197
Plutonium-238 2/282 071  pCiL  0.07 1.08 0.0 00245 00132 035 0.15 02 025 - - - - - - 384 0/282
Plutonium-239/240 7/288 243 pCiL 007 066  -0.106 00319  0.02 045 0.17 03114 045 - - - - - - 288  0/288
Plutonium-241 2/282 071  pCiL  7.73 60.7 256 04892 0 34.7 16.1 23.1 30 - - - - - - 1920 0/282
Plutonium-242 54/274 197  pCilL 004 0693  -36 00619  0.05 2.26 009 0429 226 - - - - - - 288 0/274
Plutonium-244 6/201 299 pCiL  0.06 079  -0.09  0.043 0.03 0.54 0.16 02857 054 - - - - - - 288 0/201
Polonium-210 4/33 121 pCilL 009 0399  -0.04 01077  0.08 036 0197 02918 036 - - - - - - - -
Potassium-40 27/282 957  pCiL 242 113 590 211 21.8 183 283 57.6 183 - - - - - - 6720 0/282
Protactinium-231 0/28 0 pCilL 86 180 574 125 2445 134 - - - - - - - - - 96  0/28
Protactinium-234m 287/288 997  pCiL 197 1.97 056 6632  3.055 117 056  6.651 117 - - - - - - 67,200 0/288
Radioactive Strontium (Total) 17/17 100 pCilL - - 4.18 10.0 103 16.1 4.18 10.0 16.1 - - - - - - - -
Radium-223 3/33 9.09  pCiL  0.16 046  -0.09 00877  0.07 0.26 0.17 02167 026 - - - - - - - -
Radium-225 1/29 345 pCi/L 008 0503  -0.18 00723 005 0528 0.8 0.18 0.18 - - - - - - - -
Radium-226 32/287 1.1 pCiL 00943 097  -023  0.197 0.16 141 021 05287 141 - - - - - - 96 0/287
Radium-228 56/288 194  pCilL 043 155 -1.06 04246 0297 8.74 033 1269 874 - - - - - - 96 0/288
Silver-108m 0/28 0 pCiL 26 762 328 00294  -0.135 5.6 - - - - - - - - - - -
Strontium-89 0/28 0 pCiL  0.906 4.7 J50 2909 241 265 - - - - - - - - - - -
Strontium-90 401/418 959  pCiL 0504 193 00634 304 8.685 471 0819 316 471 - - - - - - 960 0/418
Technetium-99 413/435 949  pCiL 447 8.16 0 138 353 3110 256 145 3110 - - - - - - 96,000 0/435
Thorium-227 17/202 842  pCiL  0.08 096  -0.09 00969  0.07 0.48 0.16 02935 048 - - - - - - 3840 0/202
Thorium-228 7/288 243 pCIL 007 0877 -0.267 00381  0.03 045 0.17 02489 0382 - - - - - - 384 0/288
Thorium-229 6/271 221 pCiL 007 0512  -855  0.0466 0 17.7 012 3358 177 - - - - - - 384 0/271
Thorium-230 142/280  49.1  pCi/L 007 0884 -0.177 02415  0.19 2.1 0.107 03423 21 - - - - - - 288 0/289
Thorium-232 12/288 417 pCiL 007 0.69 0.0 00533 004 0.43 0.16 02492 043 - - - - - - 48 0/288
Thorium-234 275/282 975  pCiL 197 132 419 3723 2.86 423 056 4126 279 - - - - - - 9600 0/282
Tin-126 0/33 0 pCilL 418 1.7 287 5565 -4l 2,07 - - - - - - - - - - -
Tritium 426/435 979  pCiL 229 305 322 2248 1960 10,300 281 2296 10300 - - - - - —  19E+06 0/435
Uranium-232 8 /200 4 pCiL  0.06 115 0.1 00658 004 076 0192 04046 076 - - - - - - 96 0/200




Attachment 3. EMWMF summary statistics and comparison to AWQC for unfiltered leachate 2005-2021

Non-detect Freq. > Freq. > Freq. > Freq. >
Freg.of  Percent Detection Limits” Detected Fish Fish Fish  Fish Rec. Rec. | 96% of 96% of
Chemical Detection Detected Units  Min Max  Min® Mean” Median® Max’® ~ Min  Mean Max CCC° cccC® [cMc® cmc’ [ ooc® ooc | bcG'  DCG'
Uranium-233 0/2 0 pCi/L 143 14.9 0.039 0.159 0.159 0.279 - - - - - - - - - - -
Uranium-233/234 435/435 100 pCi/L - - 1.45 84.7 525 2200 1.45 84.7 2200 - - - - - - 480 8/435
Uranium-234 2/2 100 pCi/L - - 1670 1990 1990 2310 1670 1990 2310 - - - - - - 480 2/2
Uranium-235 2/2 100 % - - 252 26.1 26.1 26.9 252 26.1 26.9 - - - - - - - -
Uranium-235 2/2 100 pCi/L - - 83.5 101 101 119 83.5 101 119 - - - - - - 576 0/2
Uranium-235/236 426/ 435 97.9 pCi/L 0.3 2.79 0.2 6.799 3.75 226 0.261 6.933 226 - - - - - - 480 0/435
Uranium-236 2/2 100 pCi/L - - 134 15.5 15.5 17.6 13.4 15.5 17.6 - - - - - - 480 0/2
Uranium-238 434 /435 99.8 pCi/L 1.97 1.97 0.418 7.49 4.06 117 0.418 7.504 117 - - - - - - 576 0/435
Yttrium-90 279/282 98.9 pCi/L 1.15 1.86 0.29 39.6 12.9 471 1.79 40.0 471 - - - - - - 9600  0/282
Wet Chemistry
Bicarbonate 33/33 100 ng/L - - 107,000 188,212 186,000 299,000 107,000 188,212 299,000 - - - - - - - -
Carbonate 0/33 0 ng/L 500 4000 250 702 725 2000 - - - - - - - - - - -
Cyanide 5/416 12 ng/L 1.67 532 0.835 1.753 1.67 5.97 1.95 2.836 597 52 1/416 22 0/416 140 0/416 - -
Dissolved Solids 178 /178 100 mg/L - - 1.1 852 850 4500 1.1 852 4500 - - - - - - - -
Organic carbon 2/2 100 ng/L - - 9820 11,810 11,810 13,800 9820 11,810 13,800 - - - - - - - -
Residue, Filterable (TDS) 2/2 100 ng/L - - 14E+06 14E+06 14E+06 1.4E+06 14E+06 14E+06 1.4E+06 - - - - - - - -
Residue, Non-filterable (TSS) 1/2 50 pg/L 2500 2500 1250 8625 8625 16,000 16,000 16,000 16,000 - - - - - - -- -
Sulfide 0/2 0 ng/L 1000 1000 500 500 500 500 - - - - - - - - - - -
Suspended Solids 95/178 534 ng/L 549 10,000 275 3308 1850 51,000 600 4728 51,000 - - - - - - -- -
Total Organic Carbon (TOC) 18/18 100 ng/L - - 3060 6195 6520 9090 3060 6195 9090 - - - - - - - -
Total Organic Carbon Average 160 /160 100 ng/L - - 1910 11,514 11,600 20,200 1910 11,514 20,200 - - - - - - - -

# One half of the detection limits shown are used as proxy values for chemicals for non-detects except where there is sufficient detected data to calculate Kaplan-Meier summary statistics.

® This summary statistic is calculated using both detects and non-detects. Kaplan-Meier is used where there is sufficient detected data for chemicals.

¢ CCC = Tennessee Department of Environment and Conservation chapter 0400-40-03 fish and aquatic life Criterion Continuous Concentration general water quality criteria September 2019.
4 CMC = Tennessee Department of Environment and Conservation chapter 0400-40-03 fish and aquatic life Criterion Maximum Concentration general water quality criteria September 2019.
¢ Rec. OOC = Tennessee Department of Environment and Conservation chapter 0400-40-03 recreation Organisms Only Criteria general water quality criteria September 2019.

" DCG = U.S. Environmental Protection Agency derived ion guideline for

Dist. = distribution. Distribution flags are defined as:

D = The distribution could not be determined with fewer than 6 samples and 3 detects. The UCL95 was calculated using the ic Chebyshev i lity method with at least 2 detects and 3 samples.

G = gamma. UCL95 was calculated using cither the adjusted or unadjusted gamma.
L = lognormal. UCL9S was calculated using Land's statistic, Chebyshev minimum variance unbiased estimator, or nonparametric Chebyshev inequality method.
N = normal. UCL95 was cz

ated using t statistic.
O =no detected results to calculate some summary statistics.
X = neither normal, lognormal nor gamma. UCL95 was calculated using a nonparametric bootstrap or the nonparametric Chebyshev inequality method.
mg/L = milligrams per liter.
/L = micrograms per liter.
pCi/L = picocuries per liter.
S.D. = standard deviation.
UCL95 = upper confidence limit on the mean concentration with 95% confidence was calculated with at least 2 detected results and at least 3 samples.

UTL95/95 = upper tolerance limit on individual concentrations with 95% confidence and 95% coverage. A nonparametric UTL95/95 requires at least 59 samples.

UTL95/95 values shown in italic font have less than 95% confidence with 95% coverage because there are either fewer than 59 samples for ic or detects have higher ions than detects.
-- = Not applicable, not available or insufficient data to calculate the statistic.

* The mean, median, standard deviation and UCL95 were calculated using the Kaplan-Meier method for organics and inorganics. UTL95/95 used Kaplan-Meier for parametric distributions for organics and inorganics.
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APPENDIX C.
ATTACHMENT 4—WINNOWING TABLE
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Leachate CURRENT | CURRENT | CURRENT AWQC WASTE LOT | \\oet 1Ty POTFEI'Q'E'AL NEW COC
leachate CW GW (B,C, R, ABUNDANCE (H M, L, 1) CONCERN COMMENTS
Analysis il coc coc coc M, D)* (H, M, L) 3 M = H ML)
type L Leachate CW | GW

DI/FURA | 2,3,7,8-Tetrachlorodibenzo-p-dioxin X - M L

Incidental constituent from

HERB 2,4,5-T/Silvex X X L M L herbicide use
Incidental constituent from
HERB 2.4-D X - L M L herbicide use

Low mobility based on
METAL Aluminum X X X -—- - L L geologic setting

Low mobility based on
METAL Antimony X X X R,M M L L geologic setting

Low mobility based on
METAL Arsenic X X X B,C,R,M - L H X X geologic setting

Common in geologic
METAL Barium X X X M H L L setting

Low mobility based on
METAL Beryllium X X X M - L L geologic setting

Low mobility based on
METAL Boron X X X — L H L geologic setting

Low mobility based on
METAL Cadmium X X X B,C,M - L L X X geologic setting

Water quality concern, but

common in EMWMF
METAL Calcium X X X o - H H geologic setting

Except for Cr VI, low

mobility based on
METAL Chromium X X X B,C,M H L/H L/H X X X geologic setting

Low mobility based on
METAL Cobalt X X X - - L L geologic setting

Low mobility based on
METAL Copper X X X B,C,M - L H X X geologic setting

Low mobility based on
METAL Hafnium X X X M - L L geologic setting

Low mobility based on
METAL Iron X X X --- - L L geologic setting

Low mobility based on
METAL Lead X X X B,C,M H L H X X geologic setting

Low mobility based on
METAL Lithium X X X — L L L geologic setting

Low mobility based on
METAL Magnesium X X X — - L L geologic setting

Low mobility based on
METAL Manganese X X X - M L L geologic setting

Methylated mercury has
METAL Mercury X X X B,C,R,M L H H X X X high mobility

Low mobility based on
METAL Molybdenum X X X - M L L geologic setting

Low mobility based on
METAL Nickel X X X B,C,R,M - L L X X geologic setting
METAL Phosphorous X X X o - H L
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Leachate CURRENT | CURRENT | CURRENT AWQC WASTE LOT FOUENTIAL NEW COC
leachate cwW GW B,C.R, | ABUNDANCE '\f_lo',f/: L|1T|Y COT\lIgERN MMENT
Analysis R coc coc coc M, D)* Hwm Ly | HEMLD AT co S
type o Leachate CW | GW
METAL Potassium X X X --- - H L
Low mobility based on
METAL Selenium X X X B,C,M M L L geologic setting
Low mobility based on
METAL Silver X X X B - L L geologic setting
METAL Sodium X X X --- - H L
Low mobility based on
METAL Strontium X X X - M L L geologic setting
Low mobility based on
METAL Thallium X X X R,M - L L geologic setting
Low mobility based on
METAL Tin X X X o M L L geologic setting
Low mobility based on
METAL Titanium X X X o - L L geologic setting
The radioactive isotopes
METAL Uranium X X X M - H L X X X will be included as COCs
Low mobility based on
METAL Vanadium X X X - H L L geologic setting
Low mobility based on
METAL Zinc X X X B,C - L L geologic setting
Low mobility based on
METAL Zirconium X X X o - L L geologic setting
Generally ubiquitous in
Other Ammonia Nitrogen. Total as N - H H X X leachate
Other asbestos X X - - L L Not detected in discharges
Other Bicarbonate EPA-310.1 X --- - H L
Other Carbonate EPA-310.1 X --- - H L
Other Chloride X - - H L
Other Cyanide X X X B,C,R,M L H H X X
Daily recommended to
evaluate whether
discharge changes have
Other Total Dissolved Solids/Conductivity X - - H H X X occurred (a pulse)
Other Fluoride X o - H L
Required to determine
toxicity of the EMWMF
Other Hardness as CaCO3, mg/1 - - - X X some metal COCs
Other Nitrite as Nitrogen X o - H L
Nutrient which may
Other Nitrogen, total (as N) H H X X impact stream health
Nutrient which may
Other Nitrogen, Nitrate total (N) - H H X X impact stream health
Nutrient which may
Other Phosphorous, total as P - H H X X impact stream health
Other Sulfate X --- - H -
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Leachate CURRENT | CURRENT | CURRENT | AWQC | WASTELOT | \\or oy POTREI';'-&'AL NEW COC
el leachate CWwW GW (B, C, 5’ ABUNDANCE (H, M, L, 1) CONCERN COMMENTS

et Analyte coc coc oo M. D) (HM. L) (H,M, L) Leachate | cw | 6w
Transports adsorbed
metals/PCBs - affects

Other Total Suspended Solids X - - H H X X benthics
Instead of multiple

Other Total Organic Carbon (TOC) X o - L H X X VOCs/SVOCs
Semi-annual or after a
major change in waste
characteristics. One

Whole effluent toxicity - sample during Sept—Nov

Other chronic/acute - - H X X low-flow period
From incidental use for

PPCB 4,4'-DDD X X X R L I H X X intended purpose.
From incidental use for

PPCB 4,4'-DDE X X X R L I H X X intended purpose.
From incidental use for

PPCB 4.4'-DDT X X X B, C,R - 1 H X X intended purpose.

PPCB Aldrin X X X B,R L I L X X

PPCB alpha-BHC X X X R L L L

PPCB alpha-Chlordane X X X o - L L

PPCB beta-BHC X X X R L L H X X

PPCB Chlordane X X X B,C,R,M L I L

PPCB delta-BHC X X X - L L L

PPCB Dieldrin X X X B,C,R L I H X X

PPCB Endosulfan | X X X B,C,R L L L

PPCB Endosulfan 11 X X X B,C,R L L L

PPCB Endosulfan sulfate X X X R - I L

PPCB Endrin X X X B,C,R,M L I L

PPCB Endrin aldehyde X X X R L L L

PPCB Endrin ketone X X X --- L M L

PPCB gamma-Chlordane X X X --- - L L

PPCB Heptachlor X X X B,C,R,M L I L

PPCB Heptachlor epoxide X X X B,C,R L L L

PPCB Lindane X X X B,R,M L L L

PPCB Methoxychlor X X X M - L L

PPCB PCB-1016 X X X B,R,M - L L

PPCB PCB-1221 X X X B,R,M - L L

PPCB PCB-1232 X X X B,R,M - L L

PPCB PCB-1242 X X X B,R,M - L L

PPCB PCB-1248 X X X B,R,M - L L

PPCB PCB-1254 X X X B,R,M - I L

PPCB PCB-1260 X X X B,R,M - I L

PPCB PCB-1262 X X X B,R,M - L L

PPCB PCB-1268 X X X B,R,M - L L

PPCB PCBs-Total X X C,R - L L

PPCB Toxaphene X M - L L
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Leachate CURRENT | CURRENT | CURRENT [ AWQC | WASTELOT | oo o POTREI';TAL NEW COC
: leachate Ccw GW (B, C, R, ABUNDANCE COMMENTS
ATERREE Analyte coc coc coc M, D)* g ny | Ghivh L CONTERI
type ' Y (H, M, L) Leachate CW | GW
Minimal detects - no
RAD Actinium-225 X D - - - further evaluation
Minimal detects - no
RAD Actinium-227 X X D - - - further evaluation
Screening level analysis
RAD Alpha activity X X X M - - - only
Minimal detects - no
RAD Aluminum-26 X X D - - - further evaluation
Minimal detects - no
RAD Americium-241 X X X D M L - further evaluation
Not in waste lot/detects <
RAD Americium-243 X X D - - - 10% of DCG
Minimal detects - no
RAD Antimony-126 X X - - - - further evaluation
Minimal detects - no
RAD Barium-133 X - - - - further evaluation
Screening level analysis
RAD Beta activity X X X M - - - only
Minimal detects - no
RAD Bismuth-207 X X D - - - further evaluation
Minimal detects - no
RAD Californium-249 X X D - - - further evaluation
Minimal detects - no
RAD Californium-250 X X D - - - further evaluation
Minimal detects - no
RAD Californium-251 X X D - - - further evaluation
Minimal detects - no
RAD Californium-252 X X D - - - further evaluation
Minimal detects - no
RAD Carbon-14 X X X D L H L further evaluation
Minimal detects - no
RAD Cesium-135 X X D - H - further evaluation
Minimal detects - no
RAD Cesium-137 X X X D - H - further evaluation
Minimal detects - no
RAD Chlorine-36 X X X D - - - further evaluation
Minimal detects - no
RAD Cobalt-60 X X X D - M - further evaluation
Minimal detects - no
RAD Curium-242 X X D - - - further evaluation
Minimal detects - no
RAD Curium-243/244 X X D - - - further evaluation
Not in waste lot/detects <
RAD Curium-245 X X X D - - - 10% of DCG
Not in waste lot/detects <
RAD Curium-246 X X X D - - - 10% of DCG
Minimal detects - no
RAD Curium-247 X X X D - - - further evaluation
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POTENTIAL

Leachate CURRENT | CURRENT | CURRENT AWQC WASTE LOT MOBILITY RISK NEW COC
: leachate CWwW GW (B,C, R, ABUNDANCE COMMENTS
(TELREIE Analyte coc coc coc M, D)* (ERAD I G pae CIE T
type ' Y (H, M, L) Leachate CW | GW
Minimal detects - no
RAD Curium-248 X X D - - - further evaluation
Minimal detects - no
RAD Europium-152 X X X D - - - further evaluation
Minimal detects - no
RAD Europium-154 X X X D - - - further evaluation
Minimal detects - no
RAD Europium-155 X X D - - - further evaluation
RAD Iodine-129 X X X D L H H X X X
Minimal detects - no
RAD Lead-210 X X X D - - - further evaluation
Minimal detects - no
RAD Lead-212 X X D - - - further evaluation
Minimal detects - no
RAD Neptunium-237 X X X D M H L further evaluation
Minimal detects - no
RAD Nickel-59 X X D - - - further evaluation
Minimal detects - no
RAD Nickel-63 X X X D - - - further evaluation
Not in waste lot/detects <
RAD Niobium-93m X D - - - 10% of DCG
Minimal detects - no
RAD Niobium-94 X X D - - - further evaluation
Minimal detects - no
RAD Plutonium-236 X X D - - - further evaluation
Minimal detects - no
RAD Plutonium-238 X X X D - - - further evaluation
Minimal detects - no
RAD Plutonium-239/240 X X X D M L L further evaluation
Minimal detects - no
RAD Plutonium-241 X X X D - - - further evaluation
Minimal detects - no
RAD Plutonium-242 X X X D - - - further evaluation
Minimal detects - no
RAD Plutonium-244 X X D - - - further evaluation
Minimal detects - no
RAD Polonium-210 X D - - - further evaluation
Not in waste lot/detects <
RAD Potassium-40 X X X D - - - 10% of DCG
Minimal detects - no
RAD Protactinium-231 X D - - - further evaluation
Not in waste lot/detects <
RAD Protactinium-234m X X X D - - - 10% of DCG
Minimal detects - no
RAD Radium-223 X X - - - - further evaluation
Minimal detects - no
RAD Radium-225 X X - - - - further evaluation
Not in waste lot/detects <
RAD Radium-226 X X X D - - - 10% of DCG
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Leachate CURRENT | CURRENT | CURRENT [ AWQC | WASTELOT | oo o POTFEI';‘;'A'— NEW COC
: leachate CwW GW (B,C, R, ABUNDANCE COMMENTS
(TELREIE Analyte coc coc coc M, D)* (ERAD I G pae CIE T
type ' Y (H, M, L) Leachate CW | GW
Not in waste lot/detects <
RAD Radium-228 X X X D - - - 10% of DCG
Minimal detects - no
RAD Silver-108m X --- - - - further evaluation
Minimal detects - no
RAD Strontium-89 X X - - H - further evaluation
RAD Strontium-90 X X X D,M - H - X X X
RAD Technetium-99 X X X D H H H X X X
Minimal detects - no
RAD Thorium-227 X X D,M - - - further evaluation
Minimal detects - no
RAD Thorium-228 X X X D - - - further evaluation
Minimal detects - no
RAD Thorium-229 X X X D - - - further evaluation
U-234/238 daughter
RAD Thorium-230 X X X D - - - product (COCs)
Not in waste lot/detects <
RAD Thorium-232 X X X D - - - 12% of DCG
U-238 daughter/detects <
RAD Thorium-234 X X X D - - - 10% of DCG
Minimal detects - no
RAD Tin-126 X D - - - further evaluation
Screening level analysis
RAD Total Radium Alpha X - - - - only
RAD Tritium X X X D,M H H X X X
Minimal detects - no
RAD Uranium-232 X X D - - - further evaluation
RAD Uranium-233/234 X X X D M H L X X X
RAD Uranium-235/236 X X X D H H - X X X
Minimal detects - no
RAD Uranium-236 X X X D M H - further evaluation
RAD Uranium-238 X X X D H H X X X
Not in waste lot/detects <
RAD Yttrium-90 X X X D - - - 10% of DCG
SVOA 1,2,4-Trichlorobenzene X X X R, M L M L
SVOA 1,2-Dichlorobenzene X X X R,M L M L
SVOA 1,3-Dichlorobenzene X X X R L M L
SVOA 1,4-Dichlorobenzene X X X R, M L L L
SVOA 2,3,4,6-Tetrachlorophenol X X X --- L H L
SVOA 2,4,5-Trichlorophenol X X --- - H L
SVOA 2,4,6-Trichlorophenol X R - H L
SVOA 2,4-Dimethylphenol X X X R L H L
SVOA 2,4-Dinitrophenol X X X R - H L
SVOA 2-Chloronaphthalene X X R - L L
SVOA 2-Chlorophenol X X R - H L
SVOA 2-Methyl-4,6-dinitrophenol X X R - H L
SVOA 2-Methylnaphthalene X X X - L L L
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POTENTIAL

Leachate CURRENT | CURRENT | CURRENT AWQC WASTE LOT MOBILITY RISK NEW COC
: leachate CcwW GW (B,C, R, ABUNDANCE COMMENTS
CTEEE Analyte coc coc coc M, D)* (ERAD I G pae CIE T
type ' Y (H,M, L) Leachate CW | GW
SVOA 2-MethylphenoL (0-cresol) X X X - - H L
SVOA 2-Nitrobenzenamine X X --- - L L
SVOA 2-Nitrophenol X - - H L
SVOA 3- and 4- Methylphenol (p-cresol) X X X o - H L
SVOA 3,3'-Dichlorobenzidine X X R - L L
SVOA 4-Chloro-3-methylphenol X X X - - H L
SVOA 4-Methylphenol X X X --- - H L
SVOA 4-Nitrobenzenamine X - - L L
SVOA 4-Nitrophenol X - - H L
SVOA Acenaphthene X X X R L L L
SVOA Acenaphthylene X X X --- L L L
SVOA Acetophenone X X X --- L L L
SVOA Anthracene X X X R - I L
SVOA Benz(a)anthracene X X X R - I L
SVOA Benzenemethanol X X X --- - L L
Detected in less than five
SVOA Benzidine X X X R L L L waste lots
SVOA Benzo(a)pyrene X X X R,M - I L
SVOA Benzo(b)fluoranthene X X X R - 1 L
SVOA Benzo(ghi)perylene X X X --- - L L
SVOA Benzo(k)fluoranthene X X X R - I L
SVOA Benzoic acid X X X --- L H L
SVOA Bis(2-ethylhexyl)phthalate X X X R - L L
SVOA Butyl benzyl phthalate X X X R - L L
SVOA Carbazole X X X - L L L
SVOA Chrysene X X X R - | L
SVOA Dibenz(a,h)anthracene X X X R - L L
SVOA Dibenzofuran X X X --- - L L
SVOA Diethyl phthalate X X X R L H L
SVOA Dimethyl phthalate X X X R L L L
SVOA Di-n-butyl phthalate X X X R L M L
SVOA Di-n-octylphthalate X X X - - L L
SVOA Diphenylamine X -—- - L L
SVOA Fluoranthene X X X R - L L
SVOA Fluorene X X X R - L L
SVOA Hexachlorobenzene X X X R,M - L L
SVOA Hexachlorobutadiene X X X R L L L
SVOA Hexachloroethane X --—- - L L
SVOA Indeno(1,2,3-cd)pyrene X X X R - L L
SVOA Isophorone X X X R L H L
SVOA m+p Methylphenol X X - - H L
SVOA Naphthalene X X X - L L L
SVOA Nitrobenzene X R - L L
SVOA N-Nitroso-di-n-propylamine X X R - L L
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Leachate CURRENT | CURRENT | CURRENT [ AWQC | WASTELOT | oo o POTFEIEE'AL NEW COC
: leachate CwW GW (B,C, R, ABUNDANCE COMMENTS
CTEEE Analyte coc coc coc M, D)* (ERAD I G pae CIE T
type ' Y (H, M, L) Leachate CW | GW
SVOA N-Nitrosodiphenylamine X R L L L
SVOA Pentachlorophenol X X X B,C,R,M - L L
SVOA Phenanthrene X X X -—- - I L
SVOA Phenol X X X R L H L
SVOA Pyrene X X X R - I L
SVOA Pyridine X --- - L L
VOA (1,1-Dimethylethyl)benzene X --- - H L
VOA (1-Methylpropyl)benzene X --- L H L
VOA 1,1,1-Trichloroethane X X X M - M L
VOA 1,1,2,2-Tetrachloroethane X X R - H L
VOA 1,1,2-Trichloro-1,2,2-trifluoroethane X --- - M L
VOA 1,1,2-Trichloroethane X X X R - H L
VOA 1,1-Dichloroethane X X X -—- - H L
VOA 1,1-Dichloroethene X X X R,M - M L
VOA 1,2,3-Trimethylbenzene X --- - H L
VOA 1,2,4-Trimethylbenzene X X X M L H L
VOA 1,2-Dichloroethane X X R, M - H L
VOA 1,2-Dichloroethene X X - - M L
VOA 1,2-Dichloropropane X X R,M - H L
VOA 1,2-Dimethylbenzene X X X --- L H L
VOA 1,3,5-Trimethylbenzene X X X --- L H L
VOA 1-Methyl-4-(1-methylethyl)benzene X X -—- L H L
VOA 2-Butanone (Methyl Ethyl Ketone) X X X -—- - M L
VOA 2-Hexanone X X X -—- L H L
VOA 4-Methyl-2-pentanone X X X --- - H L
VOA Acetone X X X --- L H L
VOA Acrylonitrile X X X R - H L
VOA Benzene X X X R,M L H L
VOA Bromodichloromethane X X -- - H L
VOA Bromoform X X X R L H L
VOA Bromomethane X X --- - H L
VOA Carbon disulfide X X X -—- L M L
VOA Carbon tetrachloride X X X R,M L M L
VOA Chlorobenzene X X X R L M L
VOA Chloroethane X X X --- - H L
VOA Chloroform X X X R L H L
VOA Chloromethane X X -—- - H L
VOA cis-1,2-Dichloroethene X X X M L M L
VOA cis-1,3-Dichloropropene X X --- - H L
VOA Cumene X X X --- L H L
VOA Dibromochloromethane X X R - H L
VOA Ethane X -—- - H L
VOA Ethylbenzene X X X R,M L L L
VOA Ethylene X --- - H L
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POTENTIAL

Leachate CURRENT | CURRENT | CURRENT AWQC WASTE LOT MOBILITY RISK NEW COC
- leachate CwW GW (B,C, R, ABUNDANCE COMMENTS
ATELEE Analyte coc coc coc M, D)* (ERAS I RGLE D RRRC SIE SR
type ' Y (H, M, L) Leachate CW | GwW
n-hexane detected in less
VOA Hexane X X X --- L M L than five waste lots
VOA M + P Xylene X X -—- - L L
VOA Methane X --- - H L
VOA Methanol X X X --- - H L
VOA Methylcyclohexane X X X - L M L
VOA Methylene chloride X X X R,M L H L
VOA Propylbenzene X X X - L H L
VOA Propylene glycol X X X - L H L
VOA Styrene X X X M L M L
VOA Tetrachloroethene X X X R,M L M L
VOA Toluene X X X R,M L M L
VOA Total Xylene X X X M L M L
VOA trans-1,2-Dichloroethene X X M L H L
VOA trans-1,3-Dichloropropene X X --- - H L
VOA Trichloroethene X X X R, M L M L
VOA Trimethylbenzene X X -—- - H L
VOA Vinyl chloride X X X R,M L H L
B AWQC CMC (Batch Discharge)
C AWQC CCC (Continuous Discharge)
D 96% of the DCG (DOE O 5400.5)
H High
1 Immobile
L Low
M MCL for GW/Medium
R AWQC Recreation
- Analyte not associated with a Waste Lot
Mobility class for common organic pollutants from C. W. Fetter (1994) Applied Hydrogeology, Prentice-Hall, Upper Saddle
Yellow River, New Jersey.

AWQC = ambient water quality criteria
CCC = criterion continuous concentration
CMC = criterion maximum concentration
COC = contaminant of concern

CW = contact water

DCG = derived concentration guidelines
GW = groundwater

MCL = maximum contaminant level
MDA = minimum detectable activity
PCB = polychlorinated biphenyl

PPCB =pesticides and PCBs

RAD = radiological

SVOA = semivolatile organic analysis
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The Comprehensive Environmental Response, Compensation, and Liability Act of 1980 (CERCLA)
Section 121 and 40 Code of Federal Regulations (CFR) 300.430(f)(1)(ii)(B) specify that removal actions
for cleanup of hazardous substances must attain or have waived legally applicable or relevant and
appropriate requirements (ARARs) under federal or more stringent state environmental laws.

Applicable requirements are “those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal environmental or
state environmental or facility siting law that specifically address a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site” (40 CFR 300.5). Relevant
and appropriate requirements are “those cleanup standards, standards of control, and other substantive
environmental protection requirements, criteria, or limitations promulgated under federal environmental or
state environmental or facility siting law that, while not applicable to a hazardous substance, pollutant,
contaminant, remedial action, location, or other circumstance at a CERCLA site, address problems or
situations sufficiently similar to those encountered at the CERCLA site that their use is well suited to the
particular site” (40 CFR 300.5). Pursuant to U.S. Environmental Protection Agency (EPA) guidance, where
EPA has delegated to the State of Tennessee the authority to implement a federal program, the Tennessee
regulations replace the equivalent federal requirements as the potential ARARs.

CERCLA onsite remedial response actions must comply only with the substantive requirements of a
regulation and not the administrative requirements to obtain federal, state, or local permits [CERCLA
Section 121(e)]. To ensure that CERCLA response actions proceed as rapidly as possible, EPA has
reaffirmed this position in the final National Oil and Hazardous Substances Pollution Contingency Plan
(55 Federal Register 8756, March 8, 1990). Substantive requirements pertain directly to the actions or
conditions at a site, while administrative requirements facilitate their implementation (e.g., approval of or
consultation with administrative bodies, documentation, permit issuance, reporting, record keeping, and
enforcement).

In addition to ARARs, 40 CFR 300.400(g)(3) states that federal or state non-promulgated advisories or
guidance may be identified as “to be considered” (TBC) guidance for contaminants, conditions, and/or
actions at the site. TBCs include non-promulgated criteria, advisories, guidan