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Executive Summary

At the request of Nuclear Fuel Services, Inc. (NFS), ARCADIS Geraghty & Miller, Inc.
has performed the enclosed alternatives analysis for groundwater remediation (source
control) at the Solid Waste Management Unit (SWMU) 20 - Maintenance Shop Area
(Site) of the NFS Plant located in Erwin, Tennessee. The analysis has been prepared to
include the development,. screening, and detailed analysis of remedial alternatives for
the Site to satisfy the following objectives: 1) prevent further migration.(source zone
containment); 2) remediate or enhance the degradation of chlorinated solvents from the
"hot spot" area; and 3) remediate or enhance the degradation of dissolved uranium
(complex/chelate) from the "hot spot" area. The analysis builds on previous
investigations of the Site including monitoring events, modeling, and risk assessment.

The following is a general description of the process that was used [modeled after the
Comprehensive Environmental Response, Conservation, and Liability Act (CERCLA)]
to prepare this alternatives analysis. Initial steps included: presentation of site
assessment data; summarization of risk assessment data; identification of remedial
action objectives (RAOs); development of general response actions (GRAs);
identification, evaluation, and screening of remedial technologies and process options;
and selection of representative process options (RPOs). Following these steps,
remedial alternatives were developed and then screened using a two-tiered screening
approach. The screening process reduced the number of alternatives for detailed and
comparative analysis. Finally, a preferred remedial alternative was selected.

The Groundwater Risk Assessment (Nuclear Fuel Services, Inc. 1997) concluded that
there are currently no unacceptable risks associated with the Site. However, primarily
due to volatile organic constituents (VOCs) [mainly tetrachloroethene (PCE)] present
in groundwater, potential risks associated with an on-site construction worker and
future hypothetical off-site receptors (construction worker and/or recreational users)
may exist. Therefore, RAOs for the Site focus on the protection of a potential future
on- and off-site receptor from accidental ingestion, inhalation, and dermal contact
associated with impacted groundwater.

Utilizing six GRAs, ranging from "no action" to removal and disposal, associated
remedial technologies were identified, screened, and combined to form site-wide
remedial alternatives for further evaluation. After the alternatives screening (involving
effectiveness, implementability, and cost), four alternatives were carried forward
for detailed analysis.

R99151.doc - NFS - TNO005120001 EE-1
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The four alternatives are:

Alternative R- 1:

Alternative R-2:

Alternative R-3:

Alternative R-4:

No Action;

Deed restrictions, fencing, site monitoring (of natural attenuation),
vacuum-enhanced recovery (VER), air-phase thermal oxidation,
air stripping, chemical precipitation, liquid-phase adsorption, and
discharge to the local publicly-owned treatment works (POTW);

Deed restrictions, fencing, site monitoring (of natural attenuation)
and in-situ oxidation; and

Deed restrictions, fencing, site monitoring (of natural attenuation),
in-situ enhanced anaerobic bioremediation, and in-situ reductive
precipitation.

A detailed analysis of alternatives was conducted using the following seven criteria:
1) protection .of human health, welfare, and the environment; 2) compliance with
applicable regulations; 3) long-term effectiveness and permanence; 4) reduction of
mobility, toxicity, or volume through treatment; 5) short-term effectiveness;
6) implementability; and 7) cost. Alternatives R-2 through R-4 would provide varying
degrees of protection and treatment and were subjected to a comparative analysis of their
relative merits. The "no action" alternative (Alternative R- 1) does not meet RAOs, but
was also included as a basis of comparison.

The results of the detailed and comparative analyses were used to identify a preferred
remedial alternative. Alternative R-4, incorporating deed restrictions, fencing, a
long-term monitoring program, in-situ enhanced anaerobic bioremediation (for PCE
and daughter products), and in-situ reductive precipitation (for uranium) is identified as
the preferred alternative for the Site pending review and concurrence by NFS.
Components of Alternative R-4, which would address the principal concerns
associated with the Site, include:

* Implementation of deed restrictions at the Site;
* Inspection of boundary fencing to restrict access;
* Monitoring program for constituents of potential concern (COPCs) and

biogeochemical parameters to demonstrate natural attenuation and monitor in-situ
treatment performance;

* Performance of in-situ enhanced anaerobic bioremediation and reductive
precipitation treatment to remove and/or stabilize COPCs and expedite
degradation; and

R99151.doc - NF5- TNO005120001E- E-2
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Reevaluation every 5 years of the effectiveness of the remediation and the degree
to which other emerging remediation technologies may be suited for the Site.

Alternative R-4 is the preferred alternative because it provides a high degree of overall

protectiveness to human health, welfare, and the environment. In addition to eliminating

or minimizing long-term management of impacted groundwater at the Site, Alternative
R-4 will eliminate potential for contact with impacted groundwater. Under Alternative
R-4, the site groundwater biogeochemistry will be enhanced to facilitate reductive

precipitation/bioremediation and provide in-situ treatment of COPCs through natural
degradation/stabilization processes. The preferred alternative is implementable, reliable,
and is expected to meet the RAOs within 8 years. The estimated cost for Alternative R-4

($784,200) is less than the cost of Alternative R-3 ($1,016,000) and nearly one-fifth the

cost of Alternative R-2 ($3,852,000).

A conceptual design for the monitoring program and enhanced reductive precipitation/

bioremediation treatment, which may be modified during the final design phase, will be
performed in the next phase of work.
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Introduction

1.0 -Introduction-_

This Remedial Alternatives Analysis (RAA) has been prepared for Nuclear Fuel
Services, Inc. (NFS) and encompasses the development, screening, and detailed
analysis of remedial alternatives for remediation of groundwater at the Solid Waste
Management Unit (SWMU) 20 - Maintenance Shop Area (Site). The RAA process
consists of the identification of remedial action objectives (RAOs); development of
general response actions (GRAs); identification, evaluation, screening of remedial
process options; selection of the representative process options (RPOs); development,
screening, and detailed analysis of remedial alternatives; and preferred remedial
alternative selection.

The RAA Report involves the formation of remedial alternatives, the screening of
remedial alternatives (based on effectiveness, implementability, and cost), and the
detailed analysis of the alternatives that pass the screening process. The screening
process reduces the number of alternatives for detailed analysis while retaining flexibility
of choice of process options during remedial design. This RAA Report includes the
detailed analysis of alternatives using seven of the nine criteria as presented in Chapter
40 of the Code of Federal Regulations (CFR) Part 300 and the Guidance for Conducting
Remedial Investigations/Feasibility Studies under CERCLA (U.S. Environmental
Protection Agency 1988).

The specific items included in this RAA Report are as follows:

1) identification of chemical constituents of potential concern (COPCs);
2) identification of chemical-specific, location-specific, and action-specific

applicable regulations;
3) determination of Preliminary Remediation Goals (PRGs) for site media;
4) identification of impacted areas and comparison of the environmental data to

applicable regulations;
5) calculation of areas and volumes of impacted media;
6) development and screening of remedial technologies and process options;
7) development and screening of alternatives;
8) detailed analysis of the remedial alternatives; and
9) recommendation of a preferred alternative.

Thisreport addresses items based upon existing information of present technologies
and analytical data. The findings and conclusions presented herein may be revised
based on the results of additional information and data that may be collected.
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.2.0 Site Information

2.1 Site Location and History

The NFS facility, located in Unicoi County, is within the city limits of Erwin and is
immediately west of the community of Banner Hill. NFS is a nuclear fuel fabrication
and uranium recovery facility that has been operational since the late 1950s. The NFS
facility, approximately 64 acres in size, is located in the mountainous region of
East Tennessee, east of the Nolichucky River and adjacent to the CSX Railroad
(Figure 2-1).

Situated in a narrow valley surrounded by rugged mountains, the Site occupies a
relatively level area approximately 20 to 30 feet (ft) above the elevation of the
Nolichucky River. To the west, east, and south, the mountains rise to elevations of
3,500 to 5,000 ft within a few miles of the Site. The CSX Railroad adjoins the Site on
the northwest boundary. A light industrial park is located opposite the Site on the
northwest side of the railroad. Residential, commercial, and industrial lands constitute
19 percent of the surrounding area, with approximately 7 percent covered by farms and
suburban homes (Figure 2-1). The remaining area is forested and mountainous land.

2.2 Hydrogeology/Groundwater

The aquifer underlying the SWMU 20/Maintenance Shop Site is composed of two
principal hydrostratigraphic units: an unconsolidated unit and a bedrock unit. The
water-table aquifer occurs in the unconsolidated surficial sediments at the Site which
are predominantly alluvial in origin. This alluvial aquifer is limited in areal extent and
is found mainly in the lowland areas. The alluvial aquifer pinches out just north and
south of the Site due to the presence of shallow bedrock.

Alluvial deposits are generally very heterogeneous in sediment size, composition,
pattern, and hydraulic properties. The alluvial aquifer system is characterized by
two hydrostratigraphic units that are commonly referred to as the shallow alluvium
zone and cobble/boulder zone. The shallow alluvium, the uppermost unit, consists of
clay, silt, and sand. In general, the grain size associated with the shallow alluvium
increases with depth. The cobble/boulder zone underlies the shallow alluvium and is
characterized by pebbles, cobbles, and boulders. The grain size associated with the
cobble/boulder zone increases with depth and the most coarse materials are in contact
with the underlying bedrock.

The bedrock aquifer beneath the Site occurs in the Rome Formation. Even though
the alluvial aquifer is of greater permeability than the bedrock aquifer, regional
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groundwater flow patterns exist in the bedrock aquifer beneath the Site to a depth of at
least 350 ft. Groundwater originating in the upland areas flows through the Shady and
Honaker Dolomite before exiting the groundwater flow system through surface water
in the valley.

Previous investigations have determined that groundwater in the Rome Formation in
the site area occurs under weak artesian conditions for the range of depths investigated.
Locally, the Rome bedrock surface is shallow and intersects the water table in several
areas.

The Erwin valley is characterized as a discharge zone for groundwater, as evidenced
by the number of springs in the valley and along its hillsides. Groundwater occurs
beneath the Site in both the unconsolidated alluvium and bedrock lithologies. The
water table is present in the alluvium from where it intersects the land surface to as
much as 14 ft below land surface (bls) in the southwestern area of the plant.
Water-level data is available throughout the Site. Recent drilling and monitor-well
installation has provided significant water-level information northwest of the Site
toward the Nolichucky River.

Monitoring wells at the SWMU 20/Maintenance Shop Site are completed in four
hydrostratigraphic zones: 1) across the water table in the shallow alluvium; 2) the deep
alluvium (cobble zone); 3) shallow bedrock; and 4) the intermediate depth bedrock, from
50 to 120 ft bls (Figure 2-2). Generally, groundwater flows in a northwest direction
toward the Nolichucky River (Figure 2-3). The general groundwater flow direction in
the cobble/boulder zone and shallow bedrock (Figure 2-4) is roughly uniform to that in
the alluvium zone, exhibiting flow toward the northwest.

2.3 Nature and Extent of Impact

Previous activities in the study area have resulted in the presence of radionuclides and
organic constituents in groundwater below the facility. The prime source areas are
associated with Buildings 111, 130, and 120/13 1, located in the northern portion of the
NFS Site (Figure 2-2). Total uranium is present onsite above the proposed
U.S. Environmental Protection Agency (USEPA) drinking water maximum contaminant
level (MCL) (U.S. Environmental Protection Agency 1996a) [30 picoCuries per liter
(pCi/L)] within the unconsolidated sediments (Figure 2-5 and Table 2-1). Total uranium
is present in off-site shallow bedrock but concentrations are well below the proposed

MCL. Elevated uranium concentrations are present throughout the central and northern
area of the Site near known source areas. Tetrachloroethene (PCE) concentrations in the

alluvium (Figure 2-6) and shallow bedrock (Figure 2-7) encompass the northern portions
of the NFS Site and extend offsite toward the Nolichucky River (Table 2-1).
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The uranium plume is located on NFS property extending approximately 180 ft
north-northwest of the source areas with concentrations ranging from 50 to 1,100
pCi/L, and is positioned only within the alluvium aquifer. The observed total uranium
plume, when compared to PCE distribution, indicates that uranium is moving very
slowly in the alluvial aquifer material.

The USEPA drinking-water MCLs (U.S. Environmental Protection Agency 1996a)
were exceeded for uranium (30 pCi/L) (proposed) and PCE [0.005 milligrams per liter
(mg/L)] in various wells within the subject area of Buildings 130, 120, and 131.

The uranium plume remains onsite emanating from a source area on NFS property
(Figure 2-5). Current uranium concentrations in the plume range from 50 to 1, 100 pCi/L
and remain confined to the alluvial aquifer. The.PCE plume extends offsite to the
northwest emanating from source areas on NFS property (Figures 2-6 and 2-7). Current
PCE concentrations in the plume range from 0.005 mg/L up to 14 mg/L. The vertical
extent is well-defined, however, PCE detections up to I mg/L at greater than 40 ft bls
have been detected in the bedrock (Figure 2-8).

NFS performed one monitoring event in 1998 analyzing the biogeochemistry of the
site groundwater. Although the selected monitoring wells are not ideal for a thorough
evaluation of natural attenuation of site constituents, the data does indicate 1) the
reductive dechlorination of the parent compound PCE evident by daughter products
[i.e., 1,2-dichloroethene (1,2-DCE), and vinyl chloride (VC)I; 2) an increase in Cl-
ions; and 3) utilization of oxygen, nitrates, iron, and other electron acceptors by in-situ
bacteria populations (Table 2-2). These data can be further evaluated upon
establishing a Natural Attenuation Sampling and Analysis Plan and subsequent
monitoring events within the plume area.

2.4 Building 130 Scale Pit and Adjoining Buildings 131 and 120

Building 130 was constructed in the late 1950s. Operations in Building 130 included
thorium processing, HEU processing, and cleaning uranium hexaflouride cylinders.
Building 120 was constructed in the late 1950s. Building 131 was constructed in the
early 1960s adjacent to Building 120. The Building 120/131 area has been used for
maintenance, product storage, and as a pilot plant. Currently, the Building 120/131
complex houses the maintenance department and a research and development laboratory.
Chlorinated solvents were thought to have been used and stored in the vicinity of
Buildings 120 and 131.
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2.5 Summary of Baseline Risk Assessment

An evaluation of potential risk to human health was conducted for the Site and the
adjacent industrial park, located to the northwest (Nuclear Fuel Services, Inc. 1997). The
risk assessment identified seven COPCs: 1,2-DCE (total), cis-1,2-DCE, trans-1,2-DCE,
PCE, trichloroethene (TCE), VC, and tributyl phosphate (TBP). Identified as potential
receptors onsite were construction workers. The potential receptors identified offsite
include construction workers and recreational users. The risk assessment identified one
potentially complete pathway under the current land use scenario and two potentially
complete pathways under the future land use scenario (Table 2-3). The NFS risk
assessment determined preliminary remediation goals for various levels of risk and
hazard exposure values (Table 2-4).

2.5.1 Selection of the Constituents of Potential Concern

The Groundwater Risk Assessment (Nuclear Fuel Services, Inc. 1997) and data

obtained during NFS monitoring events were used to establish the COPCs for
groundwater investigated at the Site and adjacent industrial park. The COPCs

represent constituents which were detected at significant levels which were carried
through the risk assessment and are not an indication of media requiring remediation.
As part of the data evaluation conducted during the Groundwater Risk Assessment
(Nuclear Fuel Services, Inc. 1997), occurrence tables were constructed to statistically

represent site data [e.g., detection frequency: minimum, maximum, and mean
concentrations; upper confidence level (UCL), etc.]. Data were divided within a single
media (groundwater) as appropriate for properly evaluating exposure.

Data were reduced and analyzed and COPCs were determined using the guidelines
provided by USEPA (U.S. Environmental Protection Agency 1988). The process used
to eliminate and identify COPCs is presented in detail in the Groundwater Risk
Assessment (Nuclear Fuel Services, Inc. 1997). Groundwater was determined to be the
only media of concern onsite. Groundwater and surface water (off-site pond) were
determined to be the only media of concern offsite. Additional information on the
selection of COPCs is available in the Groundwater Risk Assessment (Nuclear Fuel
Services, Inc. 1997).

2.5.2 Conceptual Site Model

A conceptual site model for potential exposure pathways to site constituents is
presented in Figure 2-9 and considers only groundwater and/or groundwater discharge
to surface water. Three potentially complete exposure pathways were identified:
1) dermal contact and/or vapor inhalation of groundwater by a future on- and off-site
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construetiorr worker; 2) dermal contact, ingestion, and/or fish ingestion of groundwater
by a current off-site recreational user; and 3) dermal contact, ingestion, and/or fish
ingestion of groundwater by a future off-site recreational user. The conceptual model
also identifies the media, exposure points, and potential receptors.

2.5.3 Risk Assessment Results

Risk estimates for future exposure pathways for a future on- and off-site construction
worker were within USEPA regulatory guidelines. Excess lifetime cancer risks were
below 10' and the Hazard Index (HI) was less than 1.0 (Nuclear Fuel Services, Inc.
1997). Current and future off-site recreational users was excluded because
surface-water analytical results are below the State of Tennessee Water Quality
Standards (Tennessee Department of Environment and Conservation 1995).

NFS has prepared this RAA Report to select a remedial alternative and implement the
selected alternative to address potentially unacceptable risks associated with on-site
recreational users and a future hypothetical on- and off-site construction worker and/or
recreational users. Overall, no information currently exists which indicates that
adverse impacts to ecological receptors have occurred at the Site as a result of
exposure to constituents detected in the groundwater. Concentrations of volatile
constituents were detected above MCLs in groundwater; however, consistent with EPA
Region IV Supplemental Guidance to RAGS (U.S. Environmental Protection Agency
1995b), an ecological risk assessment has not been required because COPCs in surface
water are below the State of Tennessee Water Quality Standards (Tennessee
Department of Environment and Conservation 1995).

Of the COPCs listed in the risk assessment, seven constituents were determined to
occur at high enough levels in groundwater to be considered COPCs (Table 2-4)
(Nuclear Fuel Services, Inc. 1997). Based upon the Risk Assessment conclusions, and
NFS objectives to address uranium at the Site, the RAA will be conducted using these
eight COPCs (seven organics plus uranium) as the target constituents requiring
remediation.

2.6 Physical Obstacles

The NFS facility, like most other industrial facilities, is characterized by a complex
network of surface and subsurface features that make up the infrastructure of the facility.
These features within SWMU 20/Maintenance Shop will be significant obstacles for the
implementation of a groundwater remedy. Therefore, this constraint will be thoroughly
considered when evaluating groundwater remediation technologies. Aboveground
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physical obstacles that will be considered during the alternative screening and design
process include:

Northern Security Fence;
* Buildings;
* Overhead Power Lines;
* Traffic Areas; and
* Surface-Water Drainage Features.

In addition to these aboveground obstacles, subsurface infrastructure must also be
considered during the evaluation, analysis, and design of an effective remedy. These
features include:

" Storm Drains;
" Water Lines; and

Sanitary Sewer Lines.

Not only do these features present significant physical obstacles for the installation of
remedial technologies, but they may also serve as preferential pathways for
groundwater flow. Consequently, these features must also be considered when
evaluating technologies that require the alteration of the groundwater flow system.
Because of the large expense associated with moving these features, technologies may
be screened out if they will not be effective or cannot be implemented with the existing
subsurface infrastructure.

In addition to the aforementioned physical obstacles, security issues related to the NFS
facility must also be considered during the alternative screening process. Although the
physical obstacles and security issues present significant challenges for the successful
design and implementation of a groundwater remedy, they are not insurmountable or
unique to the NFS facility.

2.7 Alternatives Analysis Process Description

The various steps, or phases, of the Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA) process have been used in the preparation
of this RAA Report for continuity and clarity of alternative screening and selection.
The phases of the process and how they have been presented to satisfy the needs of
NFS are summarized below:

R99151.doc - NFS - TN0005120001 2-6



Remedial
Alternatives

ARCADIS GERAGHTY&MILLER Analysis

Site Information

2.7.1 Scoping

Scoping is the initial planning phase of the investigation/characterization process.
Many of the planning steps are continued and refined in the later phases of
investigation/characterization. This step 'involves 1) collection and analysis of existing
data; 2) identification of the initial project (i.e., NFS - SWMU 20/Maintenance Shop);
3) identification of potential RAOs; 4) initial identification of federal and state
applicable regulations; 5) identification of the initial data quality objectives (DQOs);
and 6) preparation of project plans.

2.7.2 Remedial Investigation

Two concepts are essential to the phased remedial investigation (RI) approach: site
characterization and treatability investigations. Site characterization involves:
1) performance of (additional) field investigation; 2) definition of the nature and extent
of impacted areas (waste types, concentrations, and distributions); 3) identification of
federal/state action-, chemical-, and location-specific applicable regulations; and 4) the
performance of a baseline risk assessment. Treatability investigations involve the
performance of bench- or pilot-scale treatability tests as necessary. No treatability
investigations have been performed at the Site. However, natural attenuation
parameters were analyzed in the field and laboratory to evaluate natural degradation of
the COPCs (Table 2-2).

2.7.3 Alternatives Analysis

The alternatives analysis portion of the process involves the identification and screening
of potential remedial technologies, identification of the media to which they would be
applied, and selection of RPOs. The specific items addressed in this RAA include the
following:

* identification of RAOs, methods, and rationale;
* identification and screening of technologies and process options based on

effectiveness, technical implementability, and cost;
* determination of chemical constituents and media of concern;
* evaluation of applicable regulations;
• estimation of areas and volume of impacted media based on available analytical data;
* identification of GRAs;
* assembly of RPOs into site-wide alternatives;
* presentation of an appropriate range for development of alternatives;
* evaluation of individual alternatives against guidance criteria;
* comparisons of the alternatives against each other;
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presentation of the preferred alternative for the Site; and
preparation of detailed cost estimates.

Following this RAA, a Preliminary Design Report will be prepared to 1) provide a
brief summary description of the remedial alternatives evaluated in the detailed
analysis, 2) identify and provide a discussion of the rationale that supports the
preferred alternative(s), 3) a detailed description of the selected technology; 4) general
construction parameters; and 5) a preliminary cost and schedule.
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3.0 Remedial Action Objectives

This RAA presents RAOs and the approach used to screen the remedial technologies
and associated process options, including determination of the CQPCs, regulations,
and PRGs that affect the remediation of impacted areas.

3.1 Regulatory Requirements

The RAA is being conducted under voluntary action of NFS and is not mandated by a
state or federal regulatory program. However, for completeness, regulatory requirements
are evaluated in the development of RAOs. Applicable requirements include clean-up
standards, standards of control (technology- or activity-based), and other environmental
protection criteria promulgated under federal or state law that specifically address
constituent(s), remedial action, location, or other circumstances at the Site. Applicable
regulations can be any promulgated standard, requirement, criterion, or limitation under
federal and state environmental laws and regulations. Applicable regulations may be

chemical-, location-, or action-specific. Primary consideration is given to remedial
alternatives for the Site that are consistent with these requirements.

Chemical-specific regulations are usually health- or risk-based numerical values or
methodologies that establish concentration or discharge limits for particular chemical
constituents. Location-specific regulations may restrict activities within specific
locations such as floodplains or historical areas. No location-specific regulations were
identified to be applicable or relevant and appropriate to the Site. Action-specific
requirements may set controls or restrictions for particular treatment and disposal
activities related to the management of wastes. The lists of potential federal and State of
Tennessee regulations used to develop GRAs are presented in Table 3- 1. These are
regulations that potentially regulate the release of chemical constituents to on-site and
off-site air, surface water, groundwater, and land. These regulations may also restrict the
implementation of some GRAs.

3.2 Determination of Preliminary Remediation Goals

The Groundwater Risk Assessment (Nuclear Fuel Services, Inc. 1997) presents initial
remedial goal objectives for groundwater at the Site (Table 2-4). PRGs are
concentrations of COPCs that may remain at the area and still be adequately protective of
human health, welfare, and the environment. The PRGs are developed and used for
estimating volumes of impacted media before establishing remedial action goals
(i.e., clean-up levels) and also help to ensure that 1) proposed analytical methods will

have adequate quantitation limits, and 2) the remedial alternatives can achieve the target
clean-up levels identified in the RAA (Section 7.0).
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Followingrhe CERCLA process, PRGs are determined by chemical-specific regulations
and risk-based calculations (RBCs). Groundwater chemical-specific regulations are
non-zero Maximum Contaminant Level Goals (MCLGs) and Maximum Contaminant
Levels (MCLs). Paragraphs (e)(2)(i)(B) and (C) of 40 CFR 300.430 require the use of
non-zero MCLGs and MCLs for groundwater remedial actions. MCLs are the maximum

permissible levels of constituents in water delivered to any user of a public water system.
MCLGs are non-enforceable concentrations of drinking-water contaminants that are
protective of adverse human health effects and allow an adequate margin of safety.
MCLG and MCL values are published in 40 CFR 141.11 (Drinking Water Regulations
and Health Advisories). Paragraphs (e)(2)(i)(A)(1) and (2) of 40 CFR 300.430 require
the use of RBCs for systemic toxicants and for known or suspected carcinogens. RBCs
were performed in accordance with RAGS (U.S. Environmental Protection Agency
1991) in the Groundwater Risk Assessment (Nuclear Fuel Services, Inc. 1997).

MCLs and MCLGs are promulgated under the Safe Drinking Water Act (SDWA) and
are revised periodically and published in USEPA's Drinking Water Regulations and
Health Advisories (U.S. Environmental Protection Agency 1996a). RBCs are based on
USEPA risk assessment guidance (U.S. Environmental Protection Agency 1991).

PRG values for groundwater will be determined by one of three methods: promulgated
non-zero MCLGs, MCLs, or site-specific RBCs. Background concentrations are
considered to be zero for the organic COPCs, and therefore, are not considered in the
determination of PRGs. Non-zero MCLGs established under the SDWA are used as
groundwater PRGs, if available. If a constituent does not have a non-zero MCLG, then
a MCL is used to determine PRGs, if available. Non-zero MCLGs and MCLs are
considered "relevant and appropriate" to the groundwater PRGs even if less than
25 persons are using the shallow aquifer as a drinking-water source.

No secondary MCLs are used for PRG comparisons because COPCs at secondary MCL

levels are of aesthetic concern and are not expected to adversely impact environmental
quality or the public welfare and safety. The COPCs at these levels do not make
groundwater unfit for use nor present objectionable characteristics since the affected
groundwater is not currently used for drinking-water purposes.

If a non-zero MCLG or MCL is not available, a PRG is determined using RBCs that are
protective of human health and the environment, if the risk information is available.
Calculated RBCs are based on experimentally determined risk factors, exposure
pathways, and realistic exposure scenarios. In summary, PRG values are determined for
each chemical according to the following hierarchy:
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1. non-zero MCLG promulgated under the SDWA;
2. MCL;
3. carcinogenic or noncarcinogenic RBC, whichever is less; and
4. if a RBC cannot be made due to nonavailability of chemical-specific

risk data, and there is no non-zero MCLG or MCL, then no value is
assigned as a PRG.

A PRG will be proposed for all COPCs that have a chemical-specific regulation or
risk-based information. If no risk-based information is available, then a toxicity
equivalent factor will be used to determine an RBC, if possible. If no
chemical-specific regulation exists or no RBC can be calculated, then no PRG will be
determined. If no PRG is proposed for a COPC, then it is not used to define the areas
requiring remediation. Most likely, other COPCs that have PRGs are located in the
same area that will define the remedial requirements.

3.2.1 Chemical-Specific Regulations

Table 3-1 summarizes potential regulations, some of which may not apply during
remediation. Key regulations for the Site, however, include: 1) SDWA MCLs/MCLGs;
and (2) Tennessee MCLs.

Federal and Tennessee MCLs. SDWA MCLs/MCLGs and Tennessee MCLs are
considered "relevant and appropriate" because the aquifer may be considered to be a
potential source of drinking water. Also, the Tennessee Superfund Rules for defining
remediation goals require evaluation of specific criteria for domestic water supply
(i.e., MCLs, as promulgated by the Water Quality Control Board). The SDWA
MCLs/MCLGs and Tennessee MCLs provide numerical standards for a wide range of
organic and inorganic constituents, and may be considered for actual or potential
sources of drinking water.

3.2.2 Groundwater Risk-Based Concentrations

In determining the risk-based goals, consideration is given to the projected future uses
of the land. The SWMU 20/Maintenance Shop Site is presently a non-residential area,
will not be used for agricultural purposes, and is expected to continue to serve as a
non-residential area in the foreseeable future. Risk estimates for all current pathways
at the Site were within USEPA regulatory guidelines. Therefore, only risks for a
on-site construction worker and a future hypothetical off-site construction worker
and/or recreational users exposed to groundwater are evaluated. Calculated lifetime
cancer and HI values for the Site are presented in Table 2-4.
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32.3 Background Concentrations

Background concentrations are representative of natural constituent concentrations in
groundwater. Background concentrations are used as a baseline to determine if
detections are elevated above natural levels. Background values would be used as the
PRG if a chemical-specific regulation or the RBC is less than the background
concentration. Organic constituent background levels are assumed to be zero since the
organic constituents on the COPC list (Table 2-4) do not occur naturally in the
environment.

3.2.4 Comparison of SWMU 20/Maintenance Shop Data to Preliminary Remediation Goals

SWMU 20/Maintenance Shop PRGs are presented in Table 3-2. SWMU 20/Maintenance
Shop site data (maximum detection) for groundwater samples are compared to the PRGs
(Table 3-3) to determine the magnitude and extent of remediation required, and which
COPCs exceed those PRGs so that applicable technologies can be effectively evaluated
for the Site. COPCs in the SWMU 20/Maintenance Shop Site groundwater that exceed
PRGs are PCE, TCE, 1,2-DCE (cis- and trans-), VC, TBP, and uranium (Table 3-3).

3.3 Development of Remedial Action Objectives

RAOs have been identified to develop media-specific goals for protecting human
health, welfare, and the environment. An RAO includes the medium of concern, the
COPCs, the overall remediation goal, the pathway, and the receptor. Three RAOs
have been developed for the SWMU 20/Maintenance Shop Site.

3.3.1 Objective 1

To protect current and future on- and off-site construction workers and off-site
recreational user from carcinogenic and noncarcinogenic risks associated with the
accidental ingestion of, inhalation of, and dermal contact with impacted groundwater.
In accordance with accepted USEPA guidelines, an excess cancer risk of 10 6

(1 in 10,000 chance of occurrence of cancer cases) is selected as the appropriate risk
standard for carcinogenic risks, and a HI of 1.0 is selected as the appropriate risk
standard for noncarcinogenic risks.

3.3.2 Objective 2

To protect human health and the environment by preventing or minimizing further
migration of COPCs in groundwater beyond the NFS property boundary.
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3.3.3 Objective 3

To comply with federal and state applicable regulations (see Section 3.1). Based on

these RAOs, chemical- and site-specific remediation goals are determined which

specify allowable residual concentrations of constituents in specific media. Remedial

action goals will be established in conjunction with the NFS and appropriate regulatory

agencies, if required.
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4.0-. General Response Actions

4.1 Area and Volume of Impacted Media

Groundwater is the only medium at the Site which exhibits characteristics which
require remedial action. Soil at the SWMU 20/Maintenance Shop Site is not believed
to contain COPC concentrations and/or exposure conditions requiring active
remediation. In this RAA, the alluvial aquifer unit and the bedrock unit groundwater
are considered one media at the Site, and the parameters describing this media are
quantified for use throughout the RAA. The quantities provided herein do not
necessarily represent actual quantities which may be remediated during the remedial
action phase of the project. The quantities provided reflect reasonably accurate and
conservative estimates and are provided for comparing different remedial alternatives
on an equal basis and may be further refined in this RAA Report. Based on available
data, the estimated study area is 1.6 acres (chlorinated hydrocarbons) and 0.5 acres
(uranium). Assuming an average saturated thickness of impact of 50 ft and an average
porosity of 0.25 percent, the estimated volume of impacted media is approximately
3.3M gallons (chlorinated hydrocarbons) and 1. 1M gallons (uranium).

4.2 General Response Actions

GRAs are defined as generic, environmental medium-specific remediation measures
that satisfy the RAOs developed for the Site. The GRAs were developed for the Site to
address groundwater that currently exceed PRGs. The constituents identified that
exceed PRGs are PCE, TCE, 1,2-DCE (cis- and trans-), VC, TBP, and uranium.
Therefore, GRAs will focus on the remediation of organic and radionuclide
constituents and some of the technologies and process options may be viable for both
types of constituents.

The following are GRAs that will be considered for groundwater remediation at the
SWMU 20/Maintenance Shop Site:

• "No Action";
Minimal Action;

* Containment;
* In-Situ Treatment;
• Ex-Situ Treatment; and
* Disposal.

These GRAs are briefly discussed below.
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4.2.1 No Action

The "No Action" GRA consists of no additional action and discontinuation of

monitoring at the SWMU 20/Maintenance Shop Site. Based on existing information

available for the Site, the "No Action" GRA will not be the recommended alternative

for the SWMU 20/Maintenance Shop Site. However, "No Action" is required by the

National Contingency Plan (NCP) and is considered to serve as a baseline
consideration.

4.2.2 Minimal Action

Minimal action involves institutional controls such as access restrictions, groundwater

restrictions, fencing, and groundwater monitoring (of natural attenuation). Institutional

controls are those activities designed to minimize potential risks to human health by
prohibiting or controlling access to constituents, such as through deed restrictions and

policies. Groundwater restrictions would be applied to the development and domestic
use of groundwater on properties within potentially-impacted areas. Fencing would

assist in the implementation of such restrictions. Groundwater monitoring is not a
separate response objective, but is necessary to verify that one or more of the remedial

objectives has been or will likely be attained. Monitoring would be included to

1) assess the quality of groundwater beneath the Site for detection of any COPC

movement, increase/decrease of COPC concentrations, and attenuating parameters in

groundwater, and 2) for the monitoring of the integrity of fencing, as required.

4.2.3 Containment

Containment is used to control access to, and hydraulic migration of, COPCs present in

groundwater. Containment using vertical barriers, such as slurry walls, a conventional

pumping system, vacuum-enhanced recovery (VER), permeable reaction walls, or a
combination, can be used to minimize potential contact risks and downgradient migration

of COPCs. The on-site areal extent of the impacted groundwater is approximately

1.6 acres (PCE) and 0.5 acre (uranium) would require containment to downgradient
areas. The length required for a containment system perpendicular to groundwater flow
is approximately 300 ft, and vertical containment depths ranging from 10 ft in the

alluvial unit to 60 ft in the bedrock unit.

4.2.4 In-Situ Treatment

In-situ treatment is the treatment of impacted groundwater "in place." In-situ treatment

allows groundwater to be treated in place, either chemically or biologically, with

minimal disturbance. Chemical treatment processes include permeable reactive walls,
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volatilization (air sparging), in-well air stripping, mobile enhanced multiphase extraction
(MEME), and oxidation. Biological processes include permeable reactive walls,
phytoremediation, reductive precipitation, and enhanced bioremediation. Permeable
reaction walls may also be utilized as a containment GRA. The estimated in-situ
treatment volume of impacted on-site groundwater is approximately 4M gallons.

4.2.5 Ex-Situ Treatment

Ex-situ treatment consists of treating any recovered groundwater onsite or offsite to an
appropriate level for disposal using recovery processes such as traditional groundwater
recovery, vacuum-enhanced groundwater recovery, and ex-situ treatment processes
such as chemical reduction/oxidation, liquid-phase adsorption, air stripping, chemical
precipitation, and biological treatment. After treatment, the residual would be
disposed of as a waste and the treated groundwater discharged (Section 4.2.6). Certain
ex-situ treatment technologies may transfer COPCs from the dissolved-phase to
air-phase, thus requiring further treatment through biological, adsorptive, and/or
thermal emission treatment technologies. The estimated treatment to achieve PRGs
would involve removing and treating approximately 12M gallons (three pore volumes)
disregarding natural attenuation.

4.2.6 Disposal

Disposal consists of discharging treated groundwater to an on-site reinjection system,
on-site groundwater treatment facility (GWTF), or direct-spray irrigation. Off-site
disposal options include discharge to a stream or the publicly-owned treatment plant
(POTW). The estimated volume of impacted material which may require disposal for
ex-situ treatment technologies is approximately 12M gallons (three pore volumes)
disregarding natural attenuation.
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5.0 Identification and Screening of Technologies and Process
Options

5.1 Introduction

The screening of remedial technologies is performed in two steps, a preliminary
screening step and a more detailed screening step. First, potentially applicable
technology types and process options are reduced by evaluating the process options
with respect to technical practicability. The technology type and its various process
options are examined with respect to their technical practicability at the Site based on
physical/chemical characteristics of the COPCs and site-specific conditions. Those
technologies and process options that are not practicable are eliminated from further
evaluation.

In the second screening step, the technologies and process options remaining after
the preliminary screening for technical practicability are then evaluated further for
1) effectiveness, 2) implementability, and 3) cost. Among process options retained
after the screening, one process option is chosen to represent a technology type, so that
fewer alternatives can be developed for detailed analysis, without losing flexibility. In
some cases, more than one process option may be selected for a technology type where
process options are sufficiently different in their performance. The second screening
step criteria are described below.

The effectiveness evaluation focuses on: 1) the potential effectiveness of process
options in handling the estimated areas or volumes (small or large) of media and
meeting the remediation goals identified in the RAOs; 2) the potential impacts to
human health and the environment during the construction and implementation phase;
and 3) how proven and reliable the process is with respect to COPCs and site
conditions.

The implementability evaluation encompasses both the technical and administrative
feasibility of implementing a process option, such as the ability to obtain permits;
availability of treatment, storage, and disposal (TSD) services; and the availability of
necessary equipment and resources.

The cost evaluation plays a key role in the screening of process options. Relative
capital and operation and maintenance (O&M) costs within a remedial technology
type are used rather than detailed estimates. The cost analysis is made on the basis of
engineering judgment, and each process is evaluated as to whether costs are high, low,
or medium relative to other process options in the same technology type.
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5;2-- Preliminary Screening

In this section, potential remedial technologies andprocess options are identified using
USEPA's Updated and Expanded Version of Remediation Technologies Screening
Matrix and Reference Guide (U.S. Environmental Protection Agency 1995a);
USEPA's Evaluation of Technologies for In-Situ Cleanup of DNAPL Contaminated
Sites (U.S. Environmental Protection Agency 1994); Presumptive Response Strategy
and Ex-Situ Treatment Technologies for Contaminated Groundwater at CERCLA Sites
(U.S. Environmental Protection Agency 1996b), and other innovative technologies,
and screened according to their overall applicability (technical practicability) to the
media, COPCs, and current conditions at the SWMU 20/Maintenance Shop Site.

A brief description and summary of the preliminary screening of technologies and
process options are presented in Table 5-1. The technologies and process options that
passed this preliminary screening and a summary process flow diagram for the
technology and process options screening are presented in Figure 5-1.

5.3 Secondary Screening

The purpose of the secondary screening step is to evaluate the technologies and process
options remaining after the preliminary screening described in Section 5.2. The
secondary screening is based on effectiveness, implementability, and cost and will
determine RPOs to be used in the development of alternatives for groundwater
remediation at the Site.

5.3.1 No Action

The "No Action" alternative is used as a baseline for comparison to evaluate the
potential impacts associated with not implementing any remedial action. It is a
required alternative under the NCP. "No Action" is defined as the absence of existing
or future active steps to remediate the affected media. There are no process options
associated with "No Action." The "No Action" alternative will be retained as a
stand-alone remedial technology for future evaluation and will be carried forward in
the RAA process for further use in formulating remedial measures for the Site.

The "No Action" technology would not be effective in preventing future risk and
monitoring COPC concentrations and potential movement. "No Action" would be
readily implementable. Permits would not be required. The availability of TSD
services and equipment and resources would not be applicable to this option. There
are no costs associated with "No Action." Although easily implementable,
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"No Action" would not be effective to achieve RAOs for the Site. However, it is

retained as a baseline consideration.

5.3.2 Minimal Action

Institutional controls are used to limit the exposure to hazardous substances by limiting

human activities at or near facilities where hazardous substances will remain onsite.ý

They include, but are not limited to, land and water access/use restrictions; well drilling

prohibitions; and deed notices. In NCP preamble at 55 Federal Register (FR) 8706
(Federal Register 1990), USEPA states that "Institutional controls are a necessary

supplement when some waste is left in place, as it is in most response actions", Id.
Institutional controls will be considered in this RAA as a supplement to active

remediation. As a remedial technology for groundwater, institutional controls may

include restrictive covenants and easements, deed notices, NFS industrial requirements,

physical access restrictions (fencing), and groundwater monitoring (of natural

attenuation).

5.3.2.1 Deed Restrictions

If not previously implemented by NFS, deed restrictions would involve establishing a

conservation easement and restrictive covenant involving annotating the deed for the

subject property to limit future activities that could expose humans to waste or affected

media. Deed restrictions would prevent human exposure by restricting the future use

of the property. They are a proven, reliable, and established method of institutional

control. No maintenance is required and no health risks are associated with

implementation of this action. Costs associated with deed restrictions would include

filing and legal fees and are anticipated to be in the low range. There may be low

O&M costs associated with this process option. Deed restrictions are applicable for

implementation at.the Site and are retained for further consideration.

5.3.2.2 Fencing

Access restrictions (i.e., fencing) can be effective in preventing human exposure to

affected areas, thereby limiting the potential for direct contact with hazardous substances.
Existing fencing and NFS security currently limit human and vehicular access to the Site.

The site perimeter is fenced to restrict access to plant activities and the areas of concern.

Fencing is typically easily installed (if required) and generally requires minimal

maintenance. Health and safety risks associated with implementation of this remedial

technology are minimal. Costs associated with installation (if required) of fencing are

expected to be in the low range with O&M costs also in the low range. Fencing is a
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potentially applicable and effective process option for the Site and is retained for
further consideration.

5.3.2.3 Monitoring

Monitoring consists of sampling and laboratory analyses of groundwater to 1) confirm
groundwater quality at the Site, and 2) determine the effectiveness of any active
remedial alternatives (e.g., natural attenuation). Currently, NFS performs monthly and
quarterly monitoring of select monitoring wells within the SWMU 20/Maintenance
Shop Site area. Costs associated with groundwater monitoring would include
sampling labor, laboratory fees, and data validation/ reporting and are expected to be in
the low to moderate range. Groundwater monitoring is applicable for implementation
(i.e., wells currently exist at the Site) and is retained for further consideration.

5.3.3 Containment

Containment of the groundwater at the Site is a potentially applicable remedial response.
Containment refers to the isolation of impacted groundwater through engineering
controls thus reducing the potential exposure of waste to humans and the environment.
The remaining hydrodynamic containment remedial technologies after preliminary
screening are traditional groundwater extraction (pump and treat) and VER.

Traditional groundwater extraction or an applied vacuum (VER) use a vertical
well/pump system and are proven and effective processes for increasing groundwater
yield in low permeability aquifers such as the Site. The flexibility inherent in VER
allows application to a wide variety of site conditions and in combination with other
technologies (e.g., treatment). VER will have the general ability and technical
reliability to meet the RAOs.

VER technical implementability at the Site is dependent on access and hydrogeology.
Select existing wells may be modified to apply the VER process option. The site
RAOs make long-term O&M requirements critical to implementability of the process
option. Proper O&M is especially important because breakdown may result in loss of
containment. The capital cost of a traditional extraction or VER systems is moderate
and O&M costs are moderate, however, treatment of the extracted water and vapors
from VER may increase cost. Traditional groundwater extraction and VER is retained
for further consideration.
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5.3.4 In-Situ Treatment

In-situ technologies including phytoremediation, air sparging, vertical circulation systems,
permeable reaction walls, enhanced aerobic bioremediation, and MEME were eliminated
from further evaluation during the preliminary screening because of technical
practicability. Biological (enhanced anaerobic) and physical (reductive precipitation, and
oxidation) treatment processes are the technologies passing the preliminary screening for
consideration of in-situ treatment of site groundwater.

5.3.4.1 Enhanced Anaerobic Bioremediation

Anaerobic biodegradation is similar to aerobic biodegradation in that sufficient
nutrients and an organic carbon source [i.e., native organic carbon or anthropogenic
carbon (benzene, toluene, ethylbenzene, and xylenes (BTEX})] are required.
Additionally, a method to deplete oxygen in the subsurface is necessary to maintain
anaerobic conditions. Groundwater monitoring data indicate anaerobic conditions are
present in the site groundwater in the area of concern. However, because the
chlorinated constituents are used as electron acceptors during reductive dechlorination,
a supplemental source of carbon for microbial growth will be required. Anaerobic
biodegradation is effective in decreasing high chlorine chain constituents (i.e., PCE)
and TBP, but enhancement by addition of a carbon source is necessary. Enhancement
of anaerobic bioremediation by the addition of an organic carbon source is warranted
and feasible, and is therefore retained for further consideration.

5.3.4.2 Reductive Precipitation

Radionuclides can be present in the environment in several valence forms. Hexavalent
uranium (U6÷) can be reduced to the less mobile U4". Uranium dissolved in
groundwater, can be remediated in-situ by manipulating the groundwater chemistry
toward more reducing conditions, which induces precipitation. These reducing
conditions provide the geochemical environment necessary for dissolved uranium in
the groundwater to form an insoluble precipitate immobilized in the aquifer matrix.
Based on demonstrated effectiveness on uranium (Gu, et al. 1998) (Jacobs 1999),
reductive precipitation is retained for further consideration.

5.3.4.3 Oxidation

In-situ chemical oxidation is based on the introduction of an oxidant, such as hydrogen
peroxide (H20 2), into the subsurface. The resulting hydroxyl radicals (OH-), strong
chemical oxidizers, can create an environment which oxidizes chlorinated and
petroleum hydrocarbons. The reaction is a nearly instantaneous oxidation of these
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compounds-upon contact with:hydroxyl radicals thus reducing the source term and
overall remedial time.

The oxidant can be blended with metal salts to assist in the in-situ precipitation of
metals and radionuclides as oxides and/or hydroxides depending on the
biogeochemistry of the aquifer. The ultimate breakdown products of this reaction are
water, oxygen, and precipitate iron. Based on demonstrated effectiveness on
chlorinated and metal constituents, oxidation is retained for further consideration.

5.3.5 Ex-Situ Treatment

Ex-situ biological treatment was eliminated from evaluation during the preliminary
screening because of technical practicability. Physical/chemical treatments, such as
chemical precipitation, air stripping, liquid-phase adsorption, and chemical
reduction/oxidation will be considered for ex-situ treatment of groundwater. Ex-situ
groundwater treatments assume that groundwater will be extracted using the VER
process at an estimated flow rate of 2 gallons per minute (gpm) per well.

5.3.5.1 Chemical Precipitation

Chemical precipitation chemically converts dissolved metal and/or other inorganic
ions in groundwater into an insoluble form, or precipitate. Ions generally precipitate
out as hydroxides, sulfides, or carbonates and are removed as solids through
clarification and filtration. Chemical precipitation is performed using oxidizing and
reducing agents, as well as pH adjustment and solids (sludge) removal steps.

Chemical precipitation would be implementable at the Site. Capital costs for
implementation of ex-situ chemical precipitation are high and O&M costs would be
high due to the large amounts of sludge that may be produced and will require
disposal. Based on demonstrated effectiveness in treating recovered uranium in
groundwater within the NFS wastewater treatment facility, chemical precipitation is
retained for further consideration.

5.3.5.2 Air Stripping

Air stripping is a proven, reliable technology that would be effective in removing the
primary VOCs and TBP from groundwater at the Site. Removal efficiencies of
COPCs greater than 99 percent could be achieved. Since air stripping only removes
the COPCs from the aqueous to vapor phase, the off-gas may have to be subsequently
treated by other means such as air-phase adsorption or thermal oxidation. Granular
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activated carbon (GAC) adsorption has limited effectiveness in removing VC from
high flow air streams and expected site concentrations, therefore, thermal oxidation
would be the most effective off-gas treatment for air stripping. With chlorinated
hydrocarbons also being released in the stripping process and exposed to thermal
treatment, hydrochloric acids would be released as a byproduct. Therefore, an
emissions scrubber would be required.

Air stripping would be implementable at the Site provided that the groundwater
recovery could provide a sustainable flow rate amenable to low profile diffusers or tray
strippers. Low flow and clogging from iron, suspended solids, and calcium carbonate
may warrant the need for pretreatment and batch operation modes. Capital costs for
implementation of ex-situ air stripping are high and O&M costs would be high due to
the large amounts of energy required to run the off-gas treatment. Although moderate
flow rates are expected and air stripping is non-effective for uranium, air stripping is
retained for further consideration for treatment of VOCs.

5.3.5.3 Liquid-Phase Adsorption

Activated carbon adsorption is a well-proven, reliable technology that would be effective
in removing COPCs from recovered groundwater at the Site. Activated carbon only
concentrates the COPCs; thus the spent GAC would have to subsequently disposed of in
a hazardous waste landfill or regenerated at a Resource Conservation and Recovery Act
(RCRA) permitted facility. GAC also has a low adsorption capacity for VC.

GAC adsorption would be readily implementable at the Site and would not be
dependent on a sustainable flow rate from the VER process. Low flow and clogging
from iron, suspended solids, and calcium carbonate may warrant the need for
pretreatment and possible batch operation modes. Space requirements are small;
start-up and shut-down are rapid. Capital costs for implementation of ex-situ
liquid-phase adsorption are moderate and O&M costs would be moderate to high
depending on carbon life and regeneration/disposal. Due to the ability to handle the
anticipated flow rate and low cost, liquid-phase adsorption is retained for further
consideration.

5.3.5.4 Chemical Reduction/Oxidation

Oxidation involves the use of air or highly reactive chemicals such as ozone,
permanganate, HO2 , chlorine dioxide, or chlorine to convert undesirable chemical
species by the addition of oxygen or the removal of electrons. Ozone and H,O2 alone
may be less effective in the complete oxidation of COPCs at the Site. Therefore,
enhancement through ultraviolet (UV) light which induces photochemical oxidation of
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the COPCs is considered here. The combination of UV light with H202 (or ozone)
treatment results in the oxidation of COPCs at a rate many times faster than obtained
from applying UV light or H202 or ozone alone. Pretreatment of influent groundwater
may be required to reduce suspended solids and iron. With oxidation/UV treatment,
no toxic VOCs are emitted to the atmosphere or adsorbed onto media that require
further treatment or disposal.

Capital costs are high and O&M costs are moderate to high because UV/oxidation
systems have large power requirements. Although very effective, UV/oxidation is
eliminated from further consideration because of anticipated moderate flow rate, high
capital and O&M costs, and non-effectiveness for uranium treatment.

5.3.6 Disposal

Based on preliminary screening, disposal technologies for extracted, treated, or
partially treated groundwater can be best achieved using on-site discharge to the
GW7IT or discharge to the local POTW.

The on-site GWTF is designed to treat the majority of the industrial wastewater
generated from plant operations at the Site. The existing treatment train for the on-site
GWTF includes air stripping, chemical precipitation, and liquid-phase adsorption. The
on-site GWTF would be effective in removing dissolved COPCs from recovered,
treated, or partially-treated groundwater under these treatment processes. Disposal to
the on-site GWTF could be easily implemented as it is located within 200 ft of the area
of concern and is currently below design capacity for hydraulic and constituent
loading. Capital costs are low and O&M costs are low because the on-site GWTF is
presently operating and maintained. However, based on the limited capacity remaining
at the NFS GWTF, disposal of recovered groundwater to the on-site GWTF is
eliminated for further consideration.

Groundwater recovered and properly treated may be discharged to the City of Erwin
POTW. Disposal to the POTW could be easily implemented as it is located within
200 ft of the area of concern and is currently able to accept hydraulic loading. Capital
costs are low and O&M costs are low because the POTW is available and maintained.
Therefore, disposal of recovered groundwater to the local POTW is retained for further
consideration.

5.4 Screening Summary

Figure 5-1 presents the logic diagram for development of the RPOs and a summary of
the secondary screening and the technologies and process options that have been
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retained for the remediation of impacted groundwater. These technologies and process
options will be assembled into various remediation alternatives and evaluated further
during the development and detailed analysis of alternatives.
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6.0 Development and Screening of Alternatives

The Guidance for Conducting Remedial Investigations/Feasibility Studies under

CERCLA (U.S. Environmental Protection Agency 1988) identifies six steps to develop

alternatives that were used in this RAA. The six steps as specified by USEPA are as

follows:

1) Develop RAOs specifying the chemicals and media of interest, exposure
pathways, and PRGs that permit a range of treatment and containment alternatives
to be developed. The PRGs are developed on the basis of chemical-specific
regulations, when available, and site-specific risk-related factors.

2) Develop GRAs for each medium of interest defining containment, treatment,
recovery, or other actions, singly or in combination, that may be taken to satisfy
the RAOs for the Site.

3) Identify volumes or areas of media to which general response actions might be
applied, taking into account the requirements for protectiveness as identified in the
RAOs and the chemical and physical characterization of the Site.

4) Identify and screen the technologies applicable to each GRA to eliminate those
that cannot be implemented technically at the Site. The GRAs are further defined
to specify remedial technology types (e.g., the GRA of treatment can be further
defined to include chemical or biological technology types).

5) Identify and evaluate technology process options to select an RPO for each
technology type retained for consideration. Although specific processes are
selected for alternative development and evaluation, these processes are intended
to represent the broader range of process options within a general technology type.

6) Assemble the selected RPOs into alternatives representing a range of treatment and
containment combinations, as appropriate.

6.1 Representative Process Options for the Site

One RPO will be selected for each technology type to simplify the subsequent

development and evaluation of alternatives without limiting flexibility during remedial

design (Section 6.0, Step 5). Although specific process options are selected for

alternative development and evaluation, they are intended to represent the broader

range of process options within a general technology type. The RPO provides a basis

for developing performance specifications during preliminary design. However, the

specific process option used to implement the remedial action at a site may be
modified during the remedial design until the final design has been completed.
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Innovative technologies are selected as RPOs only if effectiveness is proven.
Treatability studies, which demonstrate whether or not innovative technologies are
effective, may be used as the basis for retaining innovative technologies as RPOs. The
retention of innovative technologies to the maximum extent possible also satisfies the
USEPA's guidance to evaluate innovative technologies.

All process options were initially screened for effectiveness, implementability, and
cost in Section 5.0, and remaining process options were retained for further
consideration and for alternative formation. Table 6-1 presents the RPOs and the
corresponding technology types. The SWMU-20 Site remedial alternatives are
formulated from these RPOs.

6.2 Alternative Range Development

The alternative development process consists of the six steps described in Section 6.0.
Step 6 assembles the selected RPOs into alternatives representing a range of treatment
and containment combinations, as appropriate. The purpose of providing a range of
alternatives is to ensure that all reasonable GRAs are represented and evaluated.

Alternatives are developed by combining different RPOs to address the problems at the
Site. A range of alternatives is developed encompassing all probable actions from a

baseline "No Action" alternative to a maximum practical response. The range of
alternatives is not necessarily listed in order of increased protection of human health,
welfare, and the environment. At least one alternative will be developed for each

alternative type and may be compared with the evaluation criteria unless threshold
criteria are not met during screening of alternatives. The range of alternatives developed
for groundwater remediation at the Site is presented in Table 6-2.

The first alternative type is "No Action." The "No Action" alternative is used as the
lowest level of remedial action and is used to provide a baseline in comparing alternatives.

The second alternative type is Containment/Limited Action. The Containment/Limited
Action alternatives usually provide source containment, which restricts the exposure
pathways to receptors. This alternative type provides little or no intervening active

treatment but protects human health, welfare, and the environment by preventing potential
exposure to and/or reducing the mobility of constituents through active recovery,
containment, and/or natural attenuation. For organic constituents, natural processes
eventually degrade the constituents over time. Metal constituents are demobilized and
concentrations are reduced by dilution and adsorption through natural attenuation
processes.
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The third alternative type is Treatment which addresses the principal threats to human

health, welfare, and the environment. Several different alternatives may be formed

which fall into the third alternative type. For remedial responses, the time frame for

the third alternative type is usually moderate. Response actions are usually provided
upgradient of the points of exposure to collect and treat COPCs.

The fourth alternative type is Treatment/Disposal that Eliminates or Minimizes

Long-Term Management. This alternative type is the upper bound of the alternative

range and relies on an aggressive treatment approach. Harmful constituents are

irreversibly treated to less harmful forms, and/or removed from the Site. For remedial

responses, the time frame for the fourth alternative type is usually short relative to

other alternative types. Often, a combination of various aggressive treatment systems

is employed to reduce or eliminate any harmful constituents in a timely manner.

6.3 Assembly of Alternatives

Alternatives are developed to provide an appropriate range of options for the Site.

Sufficient information is included to adequately evaluate and compare alternatives

against each other and to determine which alternative is themost appropriate.

Alternatives are developed around the expectations summarized as follows:

Engineering controls will be used for COPCs that poses a relatively low long-term
threat and where treatment is impracticable.

* Principal threats (i.e., highly mobile or highly toxic COPCs) will be treated, if
practicable.

A combination of engineering controls and treatment will be used as appropriate to
achieve protection of human health and the environment. An example would
include treatment of "hot spots" in conjunction with containment of the remaining
impacted groundwater.

Administrative controls, such as access restrictions, will be used to supplement
engineering controls, as appropriate, to prevent exposure to COPCs.

Innovative technologies will be considered when such technologies offer the
potential for superior treatment performance or lower costs for performance
similar to that of other technologies.

In developing groundwater alternatives, the range of options accounts for various site

conditions. A combination of RPOs is used to address not only clean-up levels but

also the time frame within which the remedial objectives will be achieved.
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Alternatives&are developed that achieve-applicable regulations and other protective
health-based levels within varying time frames using different methodologies.

Six alternatives are assembled for the SWMU 20/Maintenance Shop Site which
represent the four alternative types (Table 6-3). The first alternative, "No Action", is

carried forward because the NCP requires consideration of the "No Action" alternative.
The "No Action" alternative is also used as a basis for comparison with other

alternatives.

Alternative 2 is a containment/limited action alternative. Deed restrictions and fencing

are used to restrict access and future land use and physically control access, respectively.

Monitoring is used to detect COPC concentrations that exceed PRGs at the point of
compliance and provide information on natural attenuation conditions and remediation

(natural attenuation) progress. Monitoring may also be used to assess the integrity of the

fencing and/or industrial requirements/security.

Alternative 3 is also assembled to address the principal threats through deed restrictions,
fencing, site monitoring, vacuum-enhanced groundwater recovery, ex-situ air-phase

thermal oxidation treatment, construction of a separate ex-situ groundwater treatment

system (air stripping, chemical precipitation, and liquid-phase adsorption), with final

discharge to the local POTW. Long-term management may be minimized because the

groundwater actions may cease upon achieving RAOs. Remedial time is limited by

groundwater recovery rates and retardation of the COPCs.

Alternative 4 is assembled to eliminate or minimize long-term management through deed

restrictions, fencing, site monitoring, VER, ex-situ air-phase thermal oxidation treatment,

construction of a separate ex-situ groundwater treatment system (air stripping, chemical

precipitation, and liquid-phase adsorption), with final discharge to the local POTW. This
action will ensure COPC containment while implementing in-situ treatment via reductive

precipitation or uranium and enhanced anaerobic bioremediation of PCE. Remedial time

is reduced by the implementation of this aggressive action.

Alternative 5 is assembled to eliminate or minimize long-term management through

deed restrictions, fencing, site monitoring, and in-situ treatment via oxidation. This

alternative will minimize long-term treatment by effectively treating COPCs in place
within a reduced remedial time.

Alternative 6 is assembled to eliminate or minimize long-term management through

deed restrictions, fencing, site monitoring, and in-situ treatment via reductive
precipitation of uranium and enhanced anaerobic bioremediation of PCE. This

R99151.dac - NFS - TNO0051200016- 6-4



Remedial
Alternatives

ARCADIS GERAGHTY&MILLER Analysis

Development and
Screening of
Alternatives

alternative will minimize long-term treatment by effectively treating COPCs in place
within a reduced remedial time.

6.4 Screening of Alternatives

The alternatives for the Site that will undergo detailed analysis are determined by the

screening of alternatives. Alternative screening is performed to remove alternatives
that do not satisfy effectiveness, implementability, and cost.

The effectiveness criterion is used to evaluate each alternative in protecting human

health, welfare, and the environment and achieving reduction in toxicity, mobility, or

volume. Both short-term (during construction and implementation) and long-term
(after completion of remediation) effectiveness are considered.

The implementability criterion involves the technical and administrative feasibility of

constructing, operating, and maintaining the remedial action alternative. Technical

feasibility considers the ability to construct, reliably operate, and maintain the

alternative. Administrative feasibility considers the ability to obtain approval or

necessary permits from regulatory agencies and the availability of equipment and
disposal services.

The cost criterion is used to provide comparative estimates of relative cost of the

alternatives. Relative costs are based on prior similar site cost experience, vendor

estimates, and engineering judgment.

During screening, each of the assembled alternatives is evaluated to ensure that human

health, welfare, and the environment are protected (effectiveness), that the alternative
is implementable, and that it is not excessively expensive. An alternative is removed
from further consideration if it is evaluated unfavorably by any one of the three

criteria. By applying the three criteria, alternatives are screened and the number of

alternatives for detailed analysis is reduced.

6.4.1 Screening Criteria

6.4.1.1 Effectiveness

PCE, TCE, 1,2-DCE (cis- and trans-), VC, TBP, and uranium are the COPCs that

currently exceed PRGs at the Site. Under current on-site conditions, there are points of
exposure for humans to surface water. Potable water at the NFS facility is supplied by

the City of Erwin. The potential exposure pathways for a current on-site recreational
users and future on- and off-site construction worker and recreational users include
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contact with, ingestion, and inhalation of groundwater. Therefore, to be effective, an
alternative must address the potential exposure pathway of dermal, inhalation, and
ingestion on and offsite, and remove, treat, and/or contain impacted groundwater. All
alternatives contain institutional controls for effectively controlling potential contact
with groundwater by humans. Hypothetical future exposure to groundwater from the
alluvial water-bearing unit is possible, but not likely, based on the current industrial
land use and anticipated future land use (Nuclear Fuel Services, Inc. 1997). All
alternatives contain institutional controls to effectively minimize risk to potential
receptors and eliminate risk to a hypothetical future receptor through deed restrictions.

All alternatives pose short-term risk to the community and workers during
implementation except Alternatives I and 2. However, these risks may be reduced
through engineering controls such as phased implementation and personal protection
equipment (PPE). All alternatives for the Site, except Alternative I and Alternative 2,
are believed to be effective. The "No Action" alternative and monitoring only
alternative (Alternative 2) fail to meet the criteria for protection of human health,
welfare, and the environment and are not acceptable for remedial action for the Site;
however, Alternative I is retained for baseline comparison.

6.4.1.2 Implementability

Alternative 1 would be easily implementable. Alternative 2 involves extensive
construction near the property boundary and within the plume area. This
implementability causes concern with the existing infrastructure, but through
engineering controls is retained for consideration. Alternatives 3 and 4 use the VER
.process to extract groundwater from the impacted groundwater zone. The majority of
existing wells are 4-inch diameter and feasible for implementing VER. However,
additional recovery wells may be required. Alternatives 3 and 4 would also require
construction of ex-situ air-phase adsorption treatment and extensive conveyance piping
for recovered and treated groundwater.

With Alternatives 3 and 4, additional ex-situ treatment equipment (i.e., liquid-phase
adsorption, air stripping, and chemical precipitation) would require siting and
construction. This may be difficult as the impacted zone is within an industrialized area
where aboveground structures are not permitted inferences may be caused from
underground utilities, but are retained for consideration. Remaining Alternatives 5 and
6 would be implementable with additional treatment wells being required. Alternative 5
may also require a small aboveground treatment system to deliver oxidizing agents on
the property boundary.
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6.4.1.3 Cost

Alternative 2 provides for the lowest cost of screened alternatives but was previously
eliminated based on effectiveness. Alternatives 3 and 4 involve the installation of VER
wells and the construction of a groundwater treatment facility. The high cost of

treatment equipment, maintenance, and disposal/regeneration and the potential for

counter productivity of recovery versus in-situ treatments, warrant the elimination of
Alternative 4 from further consideration. Alternative 3 also involves a VER system and

treatment but the cost is warranted to achieve RAOs. Remaining Alternatives 5 and 6
involve in-situ treatments at varying cost treatment but the cost is justified based on

lower costs of operation to achieve RAOs.

6.4.2 SWMU 20/Maintenance Shop Alternatives for Detailed Analysis

The screening step removed Alternative 2 based on effectiveness and Alternative 4

based on cost effectiveness. The remaining alternatives after the screening step are
Alternatives 1, 3, 5, and 6. Table 6-4 presents the alternatives for the Site that will be

evaluated and analyzed using the evaluation criteria in Section 7.0.
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7.0 Detailed Analysis of Alternatives

7.1 Introduction

The objective of the individual detailed analyses is to provide adequate information for
each alternative to facilitate the selection of remedial actions for implementation at the
Site. Remedial alternatives developed for the Site are assessed against the evaluation
criteria during detailed analysis of alternatives. The evaluation criteria are beneficial
in evaluating the remedial alternatives. Uncertainties associated withlspecific
alternatives are included in the evaluation when changes in assumptions or unknown
conditions could affect the analyses.

A two-phase approach is used in the detailed analysis with the evaluation criteria.
Figure 7-1 presents a summary of the criteria for detailed analysis of alternatives. The
"threshold" criteria are utilized during the initial evaluation step of an alternative. In
order for an alternative to advance to the next set of criteria, it must 1) be protective of
human health, welfare, and the environment and 2) comply with applicable
regulations. The "balancing" criteria are used to weigh the pros and cons of
alternatives against one another. These criteria consist of 1) long-term effectiveness
and permanence; 2) reduction of mobility, toxicity, or volume through treatment;
3) short-term effectiveness; 4) implementability; and 5) cost. Descriptions of the
evaluation criteria are provided below.

7.1.1 Threshold Criteria

7.1.1.1 Overall Protection of Human Health and the Environment

Evaluation of the overall protectiveness of an alternative focuses on whether a specific
alternative provides adequate protection and describes how risks associated with the
potential site-specific exposure pathways are eliminated, reduced, or controlled
through treatment, engineering, and/or deed restrictions. This evaluation criterion also
allows for consideration of whether an alternative poses any unacceptable short-term
(during remedial activities) or cross-media impacts. The overall assessment of
protection draws on the assessments conducted under other evaluation criteria,
especially long-term effectiveness and permanence, short-term effectiveness, and
compliance with applicable regulations.

7.1.1.2 Compliance with Applicable Regulations

This evaluation criterion is used to determine whether an alternative specific to the Site
will satisfy all the federal and state applicable regulations discussed in Section 3.1 of
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this document including compliance with chemical-, action-, and location-specific
applicable regulations. Applicable requirements are those clean-up standards,
standards of control (technology or activity-based), and substantive environmental
protection requirements promulgated under federal or state law that specifically
address a situation encountered at the Site. Chemical-specific regulations are
numerically represented by the PRGs. Action-specific regulations are represented by
such regulations as the Clean Air Act (CAA) regulations. No location-specific
regulations were found applicable or relevant and appropriate for the Site. The final
determination of regulations and/or requirements that are relevant and appropriate will
be made by NFS.

7.1.2 Balancing Criteria

7.1.2.1 Long-Term Effectiveness and Permanence

The evaluation of alternatives under this criterion addresses the results of a remedial
action in terms of post-remediation effectiveness, magnitude of residual risk, and
adequacy and reliability of any remedial controls needed to manage treatment residuals
or untreated COPCs (i.e., institutional controls, monitoring) after RAOs have been
satisfied. This evaluation focuses on the extent and effectiveness of controls that may
be required to manage risks posed by treatment residuals and/or untreated constituents.
The following components of the criterion are addressed for each alternative:

Magnitude of residual risk - assessment of the residual risk (on a pathway basis)
remaining from treatment residuals and/or untreated constituents at the conclusion
of remedial activities. Issues for evaluation of the residual risk include identifying
the remaining sources of risk and the requirement of a 5-year review.

Adequacy and reliability - assessment of the adequacy and reliability of remedial
controls, if any, that are used to manage treatment residuals or untreated
constituents remaining at the Site. Issues for evaluation are type and degree of
long-term management, long-term monitoring, O&M functions, and degree of
confidence.

The use of qualitative terms such as high, medium, low, certain, and uncertain are used
to define how an alternative satisfies the requirements of the evaluation criteria in
achieving the RAOs.

7.1.2.2 Reduction in Mobility, Toxicity, or Volume Through Treatment

This evaluation criterion addresses the preference for selecting remedial actions that
employ treatment technologies that permanently and significantly reduce mobility,
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toxicity, and/or volume of the COPCs in groundwater as their-principal element. This
preference is satisfied when treatment is used to reduce the principal threats at an area
through the destruction of toxic constituents, irreversible reduction in constituent
mobility, and/or reduction of the total volume of impacted media.

This evaluation focuses on the following specific factors for each alternative as
summarized below:

, the treatment process employed;
* the amount of COPCs destroyed or treated;
* the degree of expected reduction in mobility, toxicity, or volume;

the degree to which the treatment is irreversible;
the type and quantity of treatment residuals that will remain following treatment; and

* the degree to which the alternative satisfies the statutory preference for a principal
treatment element.

The use of qualitative terms such as high, medium, low, certain, and uncertain are
used to define how an alternative satisfies the requirements of the evaluation criteria in
achieving the RAOs.

7.1.2.3 Short-Term Effectiveness

This evaluation criterion addresses the effects of the alternative during the construction,
implementation, and operational phases of remedial action until RAOs are achieved.
Under this criterion, the alternatives are evaluated with respect to their effects on human
health and the environment during implementation of the remedial action. The following
factors are summarized and are addressed as appropriate for each of the remedial- action
alternatives:

Protection of the community and workers during construction phases: This aspect
of short-term effectiveness addresses risk and inconvenience (such as odor) that
may result from implementation of the proposed remedial action. This includes
worker and community threats during remedial action and the effectiveness and
reliability of available worker protective measures.

Environmental impacts: This factor addresses the potential adverse environmental
impacts that may result from the construction and implementation of an alternative
and evaluates the reliability of available mitigation measures to prevent or reduce
potential impacts.

* Time: Time required to complete construction, implementation, O&M activities,
and achieve remedial objectives. Estimated remedial times are based on the time
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required to remediate sites with similar conditions, analytical models, and
professional judgment.

The use of qualitative terms such as high, medium, low, certain, and uncertain are
used to define how an alternative satisfies the requirements of the evaluation criteria in
achieving the RAOs.

7.1.2.4 Implementability

The implementability criterion addresses the technical and administrative feasibility of
implementing an alternative and the availability of services and materials required
during implementation. This criterion involves analysis of the following factors:

Technical Feasibility

Ability to construct and operate the technology includes an evaluation of
difficulties and uncertainties associated with the alternative.

* Reliability of the technology focuses on the likelihood that technical problems
associated with implementation could lead to schedule delays.

* Ease of undertaking additional remedial action includes a discussion of any
future remedial actions that may be required and the difficulty of
implementing such additional actions. This criterion addresses the ability of
the remedy to accommodate future technologies, capacities, and/or changing
constituent concentrations.

o Monitoring considerations concern the ability to monitor the effectiveness of
the remedy and include the effects of exposure if monitoring is insufficient to
detect a system failure.

* Administrative Feasibility

. Ability to coordinate with other offices and agencies for construction or
operating permits, necessary access to treatment facilities, etc. is assessed.

Availability of Services and Treatment

* Availability of TSD facilities that have the required capacity is evaluated.
Availability of equipment, specialists, and provisions required to perform the
remediation is evaluated.

* Availability of sources for competitive services and materials is determined.

The use of qualitative terms such as high, medium, low, certain, and uncertain are
used to define how an alternative satisfies the requirements of the evaluation criteria in
achieving the RAOs.
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7.1.2.5 Cost

The cost criterion addresses the capital costs and annual O&M costs. Costs are
estimates for the scope of the remedial action described. A present worth analysis is
used to evaluate remedial alternatives that occur over several years. The life cycle cost
is limited to a maximum of 30 years for all the alternatives. The estimated present
worth of each remedial alternative is determined based on a combined interest and
inflation rate of 10 percent and an estimate for the time required for short- and
long-term maintenance/monitoring. Short-term maintenance/monitoring of
alternatives includes the completion of remedial actions until PRGs are achieved.
Long-term maintenance/monitoring of alternatives begins upon completion of
remedial actions and achievement of PRGs. Costs are presented for comparison and
evaluation purposes, and assumptions are the same for all chosen alternatives
(i.e., impacted media volumes, extraction rates, and equipment/labor rates). Because

uncertainties associated with the definition of alternatives often remain after the RAA,
definitions of costs of alternatives is defined within a +50 percent to -30 percent
accuracy.

The cost estimates are prepared from information including the Means Environmental
Remediation Cost Data (Means 1999), estimates for similar ARCADIS Geraghty &
Miller projects, telephone quotes provided by vendors, and information from TSD
facilities personnel. A discussion of each component of the cost criterion is given below.

Capital Costs

Total capital costs are defined as those expenditures required to initiate and
implement a remedial action. These are short-term costs and are exclusive of costs
required to maintain the action throughout the project lifetime. These direct costs
include construction costs or expenditures for equipment, labor, disposal, permits,
start-up, and materials required during the remedial action installation. A single
contingency (30 percent of present worth project total) is included for each
alternative for any bid and scope changes. The bid contingency accounts for factors
that tend to increase costs associated with constructing a given project scope, such as
economic/bidding climate, contractor's uncertainty regarding liability and insurance
on waste sites, adverse weather, strikes by material suppliers, and/or geotechnical
unknowns. The bid contingency also covers changes during final design and
implementation. Scope contingencies include provisions for inherent uncertainties
like expanding the extent of monitoring needed and regulatory or policy changes that
may affect the initial assumptions. The cost for engineering design-(20 percent of
the capital cost) is included in the capital cost. Allowances for price inflation and
abnormal technical difficulties are not accounted for in the contingencies.
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O&M Costs

Short-term annual O&M costs are costs associated with ongoing remediation at the
Site. These costs include labor, monitoring, materials, utilities, energy, disposal,
administrative support, services, rehabilitation, and site reviews that are required to
operate and maintain remedial action activities. Long-term annual O&M costs include
costs incurred after remediation is complete and may also include labor, monitoring,
materials, administrative support, and site reviews.

7.1.3 Groundwater Flow Modeling

Groundwater flow modeling was performed to evaluate remedial alternatives that were
retained after screening. As part of this effort, the groundwater flow model developed
by ARCADIS Geraghty & Miller for the NFS facility (ARCADIS Geraghty & Miller,
Inc. 1999) was applied to estimate the hydraulic response associated with the following
three alternatives: 1) groundwater extraction and treatment; 2) oxidant injection; and
3) carbon source injection. The model was developed using the MODFLOW code, a
finite-difference modeling code developed by the United States Geological Survey
(USGS) (McDonald and Harbaugh 1988). The MODFLOW model developed for the
NFS facility was constructed and calibrated to simulate three-dimensional groundwater
flow for a 38-square mile area surrounding the NFS facility. The model consists of
five layers of finite-difference cells that represent shallow alluvium; the boulder/cobble
zone; weathered bedrock; and competent bedrock.

The groundwater flow model was used to estimate the number and location of
extraction wells, the number and location of injection wells, groundwater extraction
rates, oxidant injection rates, and carbon source injection rates. Particle tracking, using
the USGS MODPATH code (Pollack 1989), was used to evaluate groundwater capture
and to investigate the groundwater flow paths associated with injecting oxidant and
carbon source. Particle tracking analysis is a simple, cost-effective form of
contaminant transport which ignores the effects of dispersion, retardation, and
chemical reactions. In effect, the particles represent the motion of groundwater in the
model. The MODPATH code uses the flow terms and velocities computed by
MODFLOW for use in the calculations. A limitation of particle tracking is that it does
not calculate contaminant concentrations.

Several predictive simulations were performed for each of the alternatives to obtain a
general understanding of the flow system and to obtain estimates of the design
parameters affecting costs (i.e., -pumping rates, number of wells, etc.). Figures 7-2 and
7-3 illustrate the distribution of COPCs (PCE and uranium) under the "No Action"
alternative (Alternative R-1) which accounts only for natural attenuation. Figures 7-4,
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7-5, and 7-6 present the extraction wells and injection points that were simulated using
the model for Alternatives R-2, R-3, and R-4, respectively. The oxidant and carbon
source injection rates were estimates based on the modeling analysis.

A rigorous modeling analysis focused on optimizing each of the alternatives was not
deemed necessary for the purpose of evaluating the proposed alternatives, conducting a
comparative analysis of the alternatives, or developing the conceptual level design;
consequently, a detailed modeling analysis was not performed. A more rigorous
modeling analysis focusing on contaminant fate and transport is recommended in the
future to assist with the detailed design and optimization of the preferred alternative.

7.2 SWMU 20/Maintenance Shop Alternatives

The SWMU 20/Maintenance Shop Site includes all groundwater within the study area
containing COPCs that exceed PRGs. The Site includes approximately 2 acres
containing 4M gallons of impacted groundwater.

The four alternatives for the Site represent a range of actions including "No Action", an
action that addresses principal threats, and two actions that eliminate or minimize
long-term management. The four alternatives that provide a sufficient range of
remediation for the Site are as follows:

Alternative R- 1:

Alternative R-2:

Alternative R-3:

Alternative R-4:

"No Action";

Deed Restrictions, Fencing, Site Monitoring, VER Process,

Air-Phase Thermal Oxidation, Air Stripping, Chemical

Precipitation, Liquid-Phase Adsorption, and Discharge to the

Local POTW;

Deed Restrictions, Fencing, Site Monitoring, and In-Situ

Oxidation; and

Deed Restrictions, Fencing, Site Monitoring; In-Situ Enhanced

Anaerobic Bioremediation, and In-Situ Reductive Precipitation.

7.2.1 Alternative R-1: No Action

7.2.1.1 Description

The "No Action" alternative is considered in the RAA to serve as a baseline consideration

or to address areas that do not require any active remediation. "No Action" assumes that no

current or future remedial action will occur and establishes a basis for comparison with the
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other alternatives. This alternative is included as a requirement of the NCP (40 CFR 300).
No remedial action, treatment, deed restrictions, or monitoring of conditions will remain or
be implemented under the "No Action" alternative. Natural attenuation of COPCs would
occur under Alternative R- 1, however, monitoring of effectiveness would not be
performed.

7.2.1.2 Assessment

Threshold Criteria

Overall Protect/on of Human Health, Welfare, and the EnvIronment

This alternative allows unacceptable risks to a current and future on-site recreational
users and the environment. The "No Action" alternative does nothing to effectively
prevent potential exposure to constituents nor reduce potential migration of groundwater
offsite. Alternative R-1 would not block the future residential exposure scenario as it
assumes the absence of deed restrictions and would allow hypothetical future residential
development of the Site.

Compliance with Applicable Regulations

Since "No Action" would be taken under this alternative, no action-specific regulations
are triggered, On the basis of an impractical remedial time (greater than 30 years),
Alternative R- I does not satisfy chemical-specific regulations, including the SDWA
MCLs and RB3Cs for protecting human health, welfare, and the environment.

Balancing Criteria

Long- Term Effectiveness and Permanence

Alternative R- 1 provides no long-term effectiveness or permanence for the Site. As
indicated in Section 2.5, organic constituents present at the Site would pose a risk for a
hypothetical on-site future resident. The magnitude and potential of residual risk
within the Site are relatively unchanged by the "No Action" alternative. This
alternative offers no reduction in risk except over a long period of time as the
constituents potentially leach, migrate, and attenuate. Figures 7-2 and 7-3 present the
predicted concentrations of PCE and uranium, respectively, under conditions of
Alternative R- 1 indicating greater than 30 years to attenuate and off-site migration of
the uranium plume. The adequacy and reliability of controls is not applicable for
Alternative R- 1 because no construction, installation, equipment, or monitoring
protocol are associated with the alternative. Management of the alternative is required
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for as long as COPC concentrations in the groundwater within the Site exceed PRGs.

However, a 5-year review is required to assess the degree of remaining risk.

Reduct/on of Mobi/,ty Toxicty, or Volume Through Treatment

Because Alternative R-I involves "No Action", the mobility, toxicity, and volume of

constituents at the Site will not change significantly. Under this alternative, none of
the affected groundwater present at the Site would undergo further treatment or
alteration beyond natural attenuation. Natural attenuation involves natural subsurface

processes such as dilution, adsorption, and chemical reactions within the subsurface

materials that could reduce constituent concentrations and toxicity to acceptable levels

over time.

The target constituents for natural attenuation are chlorinated hydrocarbons and

. uranium. The processes of natural attenuation and natural biodegradation can provide
irreversible treatment. However, the potential risk may actually increase due to VC

production from the anaerobic degradation of chlorinated solvents and/or off-site
migration of uranium.

Short- Term Effectiveness

The "No Action" alternative provides no short-term effectiveness and results in no

risks. Because no construction or implementation will occur, there are no short-term

risks to workers, the community, or the environment. There is no implementation time

associated with the "No Action" alternative. The time required to achieve remedial

objectives under the "No Action" alternative is estimated to be greater than 30 years.

Imp le m entab i/itv

No technical implementability issues exist since no remedial action will occur. There

is no need to coordinate with other agencies or acquire permits. Services and materials

are not required. Future actions, if needed, are not hindered by the "No Action"

alternative.

Cost

Because no remedial action will occur other than natural attenuation, active
remediation is implemented, and there are no costs associated with the "No Action"

alternative.
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7.2.2 Alternative R-2: Deed Restrictions, Fencing, Site' Monitoring, VER Process, Air Phase
Thermal Oxidation, Air Stripping, Chemical Precipitation, Liquid-Phase Adsorption,
and Discharge to the Local POTW

7.2.2.1 Description

This alternative represents the treatment that addresses principal threats. Deed
restrictions are land use controls written into a real estate deed and recorded with the
deed in the county in which the property lies. Deed restrictions prevent activities such
as excavation, well drilling, and residential construction. The restrictions also inform
future purchasers about limits placed on the use of the property. NFS and/or,
governmental agencies may also execute policies to restrict land use. All such
mechanisms are referred to as deed restrictions in the following discussions.

Existing fencing and security currently limits vehicular and personnel accessto the
NFS Site. The Site is bordered to the north by dense forest which further restricts
access to the plant area. The combination of existing fencing, security, and the natural
restrictions due to dense forest will provide adequate protection against trespassers'and
the maintenance of Alternative R-2 remedial components.

Site monitoring consists of groundwater monitoring and monitoring of the integrity of
the security fencing. Because groundwater is not a current source of drinking water at
the Site, monitoring results will not be collected for the sole purpose of compianison..
with groundwater standards. Rather, the results can provide assurance that COPC ;

concentrations do not increase to the point that potential receptors would be threatened. .

A long-term monitoring plan and Sampling and Analysis Plan (SAP) will be prepared
to further outline the objectives, methodologies, and data evaluation procedures for site.
monitoring. Long-term monitoring wells are intended to determine if the behavior of
the plume is changing. Point-of-compliance (or point-of-action) wells are intended to
detect movements of the plume outside the negotiated perimeter of containment, and to
trigger an action to mange potential expansion. Groundwater monitoring consists of
sampling and analysis of groundwater for COPCs and biogeochemistry within and
downgradient of areas within the NFS Site at existing monitoring wells (Figure 7-4).

The term "monitored natural attenuation" refers to the reliance on natural attenuation
processes (within the context of a carefully controlled and monitored site clean-up
approach) to achieve site-specific remedial objectives within a time frame that is
reasonable compared to that offered by other more active methods. The "natural
attenuation processes" that are at work in such a remediation approach include a
variety of physical, chemical, or biological processes that, under favorable conditions,-
act without human intervention to reduce the mass, toxicity, mobility, volume, or
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concentration of contaminants in soil or groundwater. These in-situ processes include
biodegradation; dispersion; dilution; sorption; volatilization; and chemical or
biological stabilization, transformation, or destruction of contaminants. Other terms
associated with natural attenuation in the literature include "intrinsic remediation",
"intrinsic bioremediation", "passive bioremediation", "natural recovery", and "natural
assimilation." While some of these terms are synonymous with "natural attenuation",
others refer strictly to biological processes, excluding chemical and physical processes.
Therefore, it is recommended that for clarity and consistency, the term "monitored
natural attenuation" be used throughout the RAA unless a specific process
(e.g., reductive dechlorination) is being referenced.

Natural attenuation processes are typically occurring at all sites, but to varying degrees
of effectiveness depending on the types and concentrations of contaminants present
and the physical, chemical, and biological characteristics of the soil and groundwater.
Natural attenuation processes may reduce the potential risk posed by site contaminants
in three ways:

1) The contaminant may be converted to a less toxic form through destructive
processes such as biodegradation or abiotic transformations;

2) Potential exposure levels may be reduced by lowering of concentration levels
(through destructive processes, or by dilution or dispersion); and

3) Contaminant mobility and bioavailability may be reduced by sorption to the soil or
rock matrix and/or co-precipitation.

Where conditions are favorable, natural attenuation processes may reduce contaminant
mass or concentration at sufficiently rapid rates to be integrated into a site's groundwater
remedy. Following source control measures, natural attenuation may be sufficiently
effective to achieve remediation objectives at some sites without the aid of other (active)
remedial measures.

The VER process was developed for the remediation of VOCs and other contaminants in

low to moderate permeability subsurface formations. VER is more comprehensive than the
traditional soil vapor extraction (SVE) technology. Unlike SVE, VER simultaneously
extracts both groundwater and soil vapor. Negative pressures applied to the pumping wells
result in increased pumping rates by increasing the net effective drawdown. Soluble VOCs
present in the extracted groundwater are removed more quickly than with traditional pump
and treat methods. The increased pumping rates and drawdown also more effectively
dewater the saturated materials, thereby creating a larger unsaturated zone for application
of the SVE process. Stripping and removal of volatile compounds sorbed on the previously
saturated soil are thus facilitated. The VER technology has been successfully applied to
low- and moderate-permeability sites and consistently proven to be more effective at
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removing subsurface VOCs than conventional pump-and-treat or SVE systems'alone. A
conceptual VER layout for the NFS Site is presented in Figure 7-4.

Treatment of recovered groundwater would consist of air stripping, chemical
precipitation, liquid-phase adsorption, and discharge to the City of Erwin POTW.
High iron levels may be present in the area groundwater which can potentially foul
the air stripping unit, GAC adsorbers, and associated piping, and increase sludge
production. Therefore, pretreatment may be necessary. Greensand filters and bag
filters may be evaluated for solids removal however, their performance is uncertain at
the anticipated flow rates (> 30 gpm). Dissolved metals (i.e., calcium, iron,
magnesium) may also be sequestered prior to the air stripping unit through pH
adjustment and equalization.

Following pretreatment/equalization, an air stripping unit would be installed to
remove VOCs and TBP from the groundwater stream. Air stripping uses
volatilization to transfer contaminants from the groundwater to the air. In general,
water is contacted with an air stream to volatilize dissolved contaminants into the air
stream. Contaminants are not destroyed by air stripping but are physically separated
from the contaminated groundwater to the air. Air strippers may be conventional
fixed pack columns or a series of vertically stacked trays. The groundwater is
pumped directly through the air stripping media concurrent to air flow. For
Alternative R-2, a 36-inch diameter low profile stacked tray air stripper with
approximately 600 cubic feet per minute (cfln) countercurrent air flow could
effectively remove VOCs from the extracted groundwater.

It is likely based on current COPC concentrations and anticipated VER dissolved and
vapor VOC concentrations, that liquid- and air-phase treatment will be required.
Additional polishing of the aqueous effluent from the air stripper will be required
using series of 1,000 pounds, 100 pounds per square inch gage (psig) GAC vessels to
ensure compliance with Erwin POTW discharge requirements.

Air stripper and VER emissions will most likely require treatment by thermal
oxidation prior to discharge to the atmosphere. Assuming a 800 cfm vapor emission
rate from the air stripper and the anticipated VOC concentrations from the VER
process, a thermal oxidizer unit with a direct-fired burner in an insulated combustion
chamber sustaining a temperature of 1,500 degrees Fahrenheit would be employed.
The burning chamber would be sized to allow the residence time at a certain air flow
velocity. Also, with chlorinated hydrocarbons, HCL is formed and emissions will
have to be scrubbed prior to discharge. Liquid- and vapor-phase treatment design
and permitting parameters can be further defined after pilot testing and incorporation
of the treatment train for recovered groundwater.
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Chemical precipitation will be performed to remove uranium from recovered
groundwater. Common precipitation agents are lime, caustic, and sulfide, each
having advantages and disadvantages. Removal of uranium is proposed using lime
treatment based on cost and effectiveness at the existing NFS GWTF. A lime
application, mixing, flocculation, and settling package plant able to handle the
> 30 gpm flow rate would be implemented under Alternative R-2. However,
laboratory jar tests should be used to verify the treatment method and determine
ultimate lime dosage rates.

Final effluent would be discharged to the City of Erwin POTW. The water-quality
requirements for the treated groundwater effluent will be determined by considering
the existing POTW discharge permit and the potential hydraulic impact the recovered
groundwater would have on Erwin utilities.

7.2.2.2 Assessment

Threshold Criteria

Overall ProtectIon of/Human -Hlea/th, Welfare, and the Environment

Alternative R-2 provides protection to human health, welfare, and the environment
by eliminating all potential exposure pathways because access to groundwater is
restricted by deed restrictions, fencing, and a secured monitoring well network system.
Immediate risk to current workers from potential exposure during maintenance
activities is dependent on 1) the effectiveness of the VER and natural attenuation in
recovering and/or reducing COPCs and 2) the ability of the ex-situ treatment train to
reduce COPC concentrations prior to discharge. Alternative R-2 does involve active
treatment of constituents at the NFS Site but also relies on natural attenuation to reduce
constituent concentrations. There are no significant risks to human health or the
environment during implementation of Alternative R-2 if normal construction,
operating, sampling, and handling procedures are conducted and direct worker contact
with impacted materials is minimized. However, as COPCs are either transferred to
another phase (i.e., liquid-phase to vapor-phase) or bound within a precipitate,
potential exposure and handling risks exist. Therefore, for protection of human health,
welfare, and environmental resources, Alternative R-2 is judged to provide a moderate
level of protection.

Compliance with Applicable Regulatlons

Alternative R-2 will satisfy chemical-specific regulations guidance in achieving
remedial objectives including the SDWA MCLs and RBCs within a reasonable time
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frame. The O&M Plan and SAP would be constructed and/or maintained under this

alternative to satisfy action-specific regulations including the SDWA and Tennessee

MCLs. Location-specific regulations are not applicable. Constituent exposure and

chemical-specific regulations for workers and the public will define the degree of
worker protection required during implementation of Alternative R-2.

Balancing Criteria

Long- Term Effectiveness and Permanence

The degree of long-term effectiveness and permanence provided by Alternative R-2

through active remediation and the natural attenuation program will be high assuming

the VER is effective and the monitoring well network is kept in place to prevent

potential direct contact. The magnitude and potential of residual risk is low for future

receptors, and the exposure pathways are eliminated as long as the deed restrictions,

fencing, and monitoring remain in place. Management of the alternative is required for

as long as constituent concentrations in the groundwater within the NFS Site exceed

PRGs. However, a 5-year review is required to assess the effectiveness of the VER

process and ex-situ treatment in removing COPCs, and monitoring well network in

detecting the COPCs and their degradation at the Site.

VER would capture and remove groundwater with COPC concentrations exceeding

PRGs and remove adsorbed contaminants from the alluvial matrix. VER and ex-situ

treatment technologies are considered reliable. Components used (blowers, pumps,

etc.) are considered reliable. However, as with any mechanical system, active

maintenance is required. Some equipment (i.e., pumps) may require replacement

periodically. Pretreatment equipment (if required) ,wells, stripping media, thermal

oxidizer, and precipitation equipment will require periodic maintenance and cleaning,

and carbon adsorption required to treat effluent may require frequent replacement.

Deed and land use restrictions would limit future land use and prohibit development of

groundwater.

To maintain long-term reliability of Alternative R-2, a performance monitoring

program within the SAP and an O&M program will be developed, implemented, and

maintained for the monitoring of groundwater and the VER/ex-situ treatment train.

VER and ex-situ treatment system components also must be periodically calibrated,

cleaned, and/or replaced and O&M must be performed by qualified personnel. The

adequacy and reliability of deed restrictions and fencing are sufficient to restrict access

to impacted groundwater. Monitoring of the integrity of the fencing and monitoring

wells will be required. Fencing may require replacement and/or repair due to wear,

weather damage, vehicular accidents, and/or vandalism. Design life expectancy for the
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VER system is 20 years; the ex-situ treatment equipment is 20 years, and the
monitoring wells is 30 years.

Reduction of Mobl•ty, ToxIcity, or Volume Through Treatment

Alternative R-2 provides a high degree of irreversible treatment and mobility and volume
reduction through COPC removal, treatment, and natural attenuation processes.
Regeneration/disposal of GAC, destruction of vapor-phase COPCs by thermal oxidation,
and sludge disposal will also reduce volume and toxicity of COPCs. Ex-situ treatment
processes will also effectively reduce toxicity and volume of COPCs. Minor inorganic
constituent residuals will eventually attenuate with the implementation of Alternative R-2.

Short-lTerm Effectiveness

The short-term risk to workers and the public from implementing Alternative R-2 is
controllable and results from VER well installation, ex-situ treatment system construction,
piping network, and the long-term operation and monitoring program of the remedial
alternative. Health and safety issues include potential release of volatiles during sampling
and proper decontamination procedures, GAC or thermal oxidation "breakthrough",
sludge disposal, and/or ex-situ treatment process downtime. Construction time to
implement Alternative R-2 is 6 months. A more detailed evaluation during design may
identify 1) components required for the VER, air-phase treatment, and ex-situ treatment
systems; 2) other COPCs that require monitoring, 3) concurrent constructability of
components; 4) site construction details; and 5) on- and off-site monitoring details.
Minimal risk to the community is expected from implementation.

Alternative R-2 will have effectiveness in eliminating all exposure pathways. The time
required to achieve remedial response objectives by eliminating all exposure pathways
is estimated to be less than 1 year.

Implementabi/i/

Deed restrictions, fencing, and monitoring are easily implementable, and there are
numerous vendors available to conduct this work. However, limited vendors are
available to construct the VER and ex-situ treatment system. VER well, piping, and
aboveground system implementation within the impacted area will be difficult due to
existing site utilities and space requirements. VER and monitoring of groundwater can
be accomplished, with some implementability concerns. Monitoring of the integrity of
the fencing will also be required. O&M activities are of high intensity and involve
monitoring, system adjustments, media replacement, residuals disposal, and fence
maintenance. All components of Alternative R-2 are reliable in the protection of
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human health, welfare, and the environment. The need for future remedial actions
depends on the effectiveness of Alternative R-2 in eliminating exposure pathways.
Future remedial actions are somewhat hindered by the implementation of Alternative
R-2 because of the volume of above- and below-ground hardware required. However,
changing or adding deed restrictions, system component replacement, fencing
replacement/removal, well abandonment, and monitoring program addenda may be
required. Coordination with regulatory agencies is attainable.

The key to designing an effective full-scale VER system is to perform a pilot study
beforehand. Pilot study results provide key parameters (i.e., effective well vacuum,
groundwater and vapor radii of influence, groundwater and vapor extraction flow rates,
groundwater and vapor VOC concentrations). These parameters are essential for the
selection and design of vacuum pumps, submersible pumps, and, eventually,
groundwater and vapor treatment systems.

Cost

The estimated total project present worth cost for Alternative R-2 is $3,852,000,
including a capital cost of $504,000, an annual O&M cost of $319,500, an O&M
present worth cost of $2,430,100 (for 15 years), and site closure cost of $29,000. The
capital cost is for the implementation of deed restrictions, the SAP, pilot testing,
design, oversight, VER well installation, piping, ex-situ treatment system construction,
and connection to the Erwin POTW. The annual O&M costs are for the VER and!
ex-situ treatment system O&M, POTW effluent compliance sampling, fencing
maintenance, and reporting. Table 7-1 presents the estimated capital, O&M, and
present worth costs of implementing and operating Alternative R-2.

7.2.3 Alternative R-3: Deed Restrictions, Fencing, Site Monitoring, and In-Situ Oxidation

7.2.3.1 Description

Alternative R-3 is the most aggressive remedial action examined for the NFS Site and is
intended to eliminate or minimize long-term management. This alternative addresses the
impacted groundwater at the Site through containment, treatment, and in-situ oxidation
which minimizes long-term management by reducing remedial time. Deed restrictions,

fencing, and site monitoring are as previously described in Alternative R-2.

In-situ chemical oxidation is based on the introduction of an oxidant, such as hydrogen
peroxide (H20,), into the subsurface. The resulting hydroxyl radicals (OH-), strong
chemical oxidizers, can create an environment which oxidizes chlorinated hydrocarbons.
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The reaction is a nearly instantaneous oxidation of these compounds upon contact with
hydroxyl radicals thus reducing the source term and overall remedial time.

A combination of H20 2 and ferrous sulfate (Fenton's Reagent) can be used to
cost-effectively create hydroxyl radicals. Other oxidizers (such as potassium
permanganate [KMnO4] and ozone [03]) can also be used in the chemical oxidation of
chlorinated hydrocarbons; however, Fenton's Reagent may be the most effective oxidant
depending on existing biogeochemistry at the Site.

The general chemistry for the creation of hydroxyl radicals with Fenton's Reagent is
shown in the following reaction:

Fe + H20 2 -> Fe3+ + OH- + OH

The ultimate breakdown products of this reaction are water, oxygen, and precipitate
iron. A Fenton's Reagent mixture can be created immediately prior to injection into
the subsurface to maximize remedial effectiveness. The oxidation of a PCE molecule
is a multi-step, multi-pathway reaction. The hydroxyl radical breaks the chemical
bonds between the carbon and chlorine atoms to produce a molecule with one less
chlorine atom. The removal of chlorine from the chlorinated hydrocarbon continues as
TCE is oxidized to DCE, VC, and finally to ethene or ethane. Chloride ions and
carbon dioxide are the major end products of the complete oxidation process.

In-situ oxidation at the source area would involve the creation of a reactive zone
(Figure 7-5) of H,0 2, ferrous sulfate and acid (for pH control) injection points and
potentially recirculated. This process maximizes the dispersion and diffusion of the
reagent through the soil and/or affected aquifer. Application of in-situ oxidation must
be carefully controlled within industrial environments such as the NFS facility.
Industrial-strength H20 2 is a strong oxidizer, and as such requires special handling and
safety precautions. Oxidation increases subsurface temperatures and pH through H,0 2

decomposition. However, with Fenton's Reagent, this reaction can be controlled and
there is no toxic gaseous release or chemical residues that may be associated with other
chemical oxidants.

The addition of metal salts (such as ferrous sulfate) with the oxidant will create ferric
iron within the subsurface. Depending on the current and resulting biogeochemistry of
the subsurface, this ferric iron may react with uranium to form insoluble uranyl oxides
and/or uranyl oxyhydroxides. This process is slower than oxidation of the PCE but
will result in reduced mobility of the uranium plume.
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7.2.3.2 Assessment

Threshold Criteria

Overall Protection of Human Health, Welfare, and the Environment

Alternative R-3 provides protection to human health, welfare, and the environment

by eliminating all potential exposure pathways because access to groundwater is

restricted by deed restrictions, fencing, and a secured monitoring well network system.

Immediate risk to current workers from potential exposure during maintenance and

treatment activities is dependent on 1) the effectiveness of the oxidation and natural

attenuation in destroying and/or reducing COPCs and 2) the safety aspects associated

with in-situ oxidation treatments. Alternative R-3 does involve active treatment of

constituents at the NFS Site but also relies on natural attenuation to reduce constituent

concentrations. There are no significant risks to human health or the environment

during implementation of Alternative R-3 if normal construction, operating, sampling,

and handling procedures are conducted and direct worker contact with impacted

materials and oxidizing reagents is minimized. Therefore, for protection of human

health, welfare, and environmental resources, Alternative R-3 is judged to provide a

high level of protection.

Comph1ance with Aopplicable Regulations

Alternative R-3 will satisfy chemical-specific regulations in achieving remedial objectives

including the SDWA MCLs and RBCs within a reasonable time frame. The O&M Plan

and SAP would be constructed and/or maintained under this alternative to satisfy action-

specific regulations including the SDWA and Tennessee MCLs. Location-specific

regulations are not applicable. Constituent exposure and chemical-specific regulations

for workers and the public will define the degree of worker protection required during

implementation of Alternative R-3.

Balancing Criteria

Long- Term Effectiveness and Permanence

The degree of long-term effectiveness and permanence provided by Alternative R-3

through active in-situ oxidation and the natural attenuation program will be high
assuming 1) the oxidation is effective in the source area as well as the site boundary;

2) there is sufficient contact between the reagent and groundwater/COPCs;

3) oxidation is effective for complete dechlorination of the PCE (including VC); and

4) the monitoring well network is kept in place to prevent potential direct contact. The
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magnitude and potential of residual risk is low for future receptors, and the exposure
pathways are eliminated as long as the deed restrictions, fencing, and monitoring
remain in place. Management of the alternative is required for as long as constituent
concentrations in the groundwater within the NFS Site exceed PRGs. However, a
5-year review is required to assess the effectiveness of the in-situ treatment in
destroying/reducing COPCs, and monitoring well network in detecting the COPCs and
their degradation at the Site.

In-situ oxidation will remediate groundwater with COPC concentrations exceeding
PRGs. The in-situ oxidation technology is also considered reliable. Components used
(injection wells, pumps, etc.) are considered reliable. However, because the oxidation
process is instantaneous, a continuous oxidizing reactive zone will be required to
maintain containment at the site boundary. As with any mechanical system, active
maintenance is required. Some equipment (i.e., pumps) may require replacement
periodically. Reagent mixing and delivery equipment and wells may require periodic
maintenance and cleaning. As with Alternative R-2, deed and land use restrictions
would limit future land use and prohibit development of groundwater. However,
because clean-up levels may be achieved rapidly under this alternative, deed and land
use restrictions could perhaps be removed sooner, pending verification of removal
effectiveness obtained by monitoring groundwater.

To maintain long-term reliability of Alternative R-3, a performance monitoring
program within the SAP and an O&M Program will be developed, implemented, and
maintained for the monitoring of groundwater and the oxidant delivery system.
Oxidizing injection system components also must be periodically calibrated, cleaned,
and/or replaced and O&M must be performed by qualified personnel. The adequacy
and reliability of deed restrictions and fencing are sufficient to restrict access to
impacted groundwater. Monitoring of the integrity of the fencing and monitoring
wells will be required. Fencing may require replacement and/or repair due to wear,
weather damage, vehicular accidents, and/or vandalism. Design life expectancy for the
oxidizing system is 10 years and the injection/monitoring wells is 20 to 30 years.

Reduction of Mobity, Toxlict or Volume Through Treatment

Current data indicate that reductive dechlorination of chlorinated compounds is presently
occurring at the Site. With the addition of in-situ oxidation, Alternative R-3 provides a
high degree of irreversible treatment and mobility, toxicity, and volume reduction through
COPC destruction and natural attenuation enhancement processes. With the high potential
for precipitation of uranium to uranyl oxides and oxyhydroxides, drastic changes in pH or
redox potential may cause precipitates to become soluble and remobilize uranium.
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Short- Tern Effectiveness

The short-term risk to workers and the public from implementing Alternative R-3 is

controllable and results from deed restrictions, fencing integrity, injection well
installation, in-situ oxidation treatments at the source area, and the long-term
monitoring program of the remedial alternative. Health and safety issues include

potential release of volatiles during sampling and proper decontamination procedures

and high subsurface temperatures and corrosivity during source and containment

oxidation. Construction time to implement Alternative R-3 is 6 months. A more

detailed evaluation during design may identify: 1) components required for the site

boundary injection system; 2) other COPCs that require monitoring; 3) concurrent
constructability of components; 4) site construction details; and 5) on- and off-site

monitoring details. Minimal risk to the community is expected from implementation.

Alternative R-3 will have effectiveness in eliminating all exposure pathways. The time

required to achieve remedial response objectives by eliminating all exposure pathways

is estimated to be less than 1 year.

Imp lementabi/lty

Deed restrictions, fencing, and monitoring are easily implementable, and there are

numerous vendors available to conduct this work. However, limited vendors are
available to implement source area oxidation and construct/operate the site boundary

oxidizing treatment system. Injection well implementation within the impacted area

and the site boundary will be difficult due to existing site utilities and space

requirements. Oxidation and monitoring of groundwater can be accomplished,
although high subsurface temperatures and corrosivity cause some implementability

concerns related to the effects on subsurface utility piping. Monitoring of the integrity

of the fencing will also be required. O&M activities are of high intensity and involve
monitoring, system adjustments, oxidant replacement/mixing/delivery, and fence
maintenance. All components of Alternative R-3 are reliable in the protection of
human health, welfare, and the environment. The need for future remedial actions

depends on the effectiveness of Alternative R-3 in eliminating exposure pathways.

Future remedial actions are not hindered by the implementation of Alternative R-3.

However, changing or adding deed restrictions, system component replacement,

fencing replacement/removal, well abandonment, and monitoring program addenda

may be required. Coordination with regulatory agencies is attainable.

The key to designing an effective full-scale in-situ oxidation system is to perform a

pilot study beforehand. Pilot study results provide key parameters (i.e., effective well
radii of influence, reagent delivery rates, and resulting COPC concentrations). In
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addition, some bench-scale testing may be-required to determine the effectiveness of
uranium precipitation.

Cost

The estimated total project present worth cost for Alternative R-3 is $1,016,000,
including a capital cost of $367,600, a short-term annual O&M cost of $120,000
(source control for 1 year), a long-term annual O&M cost of $68,700, a total O&M
present worth cost of $369,500 (for 5 years), and site closure costs of $44,400. The
capital cost is for the implementation of deed restrictions, the SAP, pilot testing,
design, oversight, oxidizing injection well installation, injection/delivery piping, and
continuous injection treatment system construction. The annual O&M costs are for the
periodic oxidation treatments at the source area, continuous injection system
maintenance, fencing maintenance, and reporting. Table 7-2 presents the estimated
capital, O&M, and present worth costs of implementing and operating Alternative R-3.

7.2.4 Alternative R-4: Deed Restrictions, Fencing, Site Monitoring, In-Situ Enhanced
Anaerobic Biorernediation, and In-Situ Reductive Precipitation

7.2.4.1 Description

Although less aggressive than Alternative R-3, this alternative also represents a
treatment to eliminate or minimize long-term management. Deed restrictions, fencing,
and site monitoring (of natural attenuation ) would be implemented as described for
Alternative R-2.

Enhanced Anaerobic Bioremediation

Chlorinated hydrocarbons are typically transformed by reductive dechlorination (or
dehalogenation) mechanisms. Reductive dechlorination involves the sequential
removal of a chlorine atom from the chlorinated hydrocarbon, while substituting with a
hydrogen atom (Figure 7-7). The degradation sequence for PCE is presented below:

PCE --. TCE -+ DCE --* VC --> ethene -- ethane -- carbon dioxide and water.

The later steps of this process, such as degradation of cis-l,2-DCE to VC, and
degradation of VC to ethene, generally require much more strongly-reducing
conditions in groundwater [typically in the range of -200 to -400 millivolts (mV)] than
do the initial degradation steps. The more highly-chlorinated compounds (i.e., PCE)
are most susceptible to reductive dechlorination because of their higher state of
oxidation. Often a groundwater environment is not reducing enough [i.e., the
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oxidation-reduction potential (ORP) is not negativeenough) to allow for the complete
degradation to occur and an accumulation of daughter products is observed (such as an
accumulation of cis- 1,2-DCE or VC). As a result, the ORP of the groundwater system
is dependent on and can influence the specific reductive dechlorination processes.

Reductive dechlorination mechanisms primarily occur in anaerobic (or oxygen-deficient)
groundwater. That is, the indigenous microbes utilize an organic carbon source as a
primary substrate for obtaining energy. The organic carbon serves as an electron donor
and is oxidized during. this process. The chlorinated hydrocarbons serve as electron
acceptors and are subsequently reduced, while nitrate, iron, manganese, sulfate, and/or
carbon dioxide, also serve as electron acceptors and are also reduced in these reactions.
Enzymes and co-factors produced during these reactions fortuitously degrade the source
chlorinated hydrocarbons. The organic carbon necessary for these reactions to occur can
either be natural (i.e., in the aquifer formation) or anthropogenic (such as the existing
BTEX within the site aquifer). For reductive dechlorination to occur, there must be a
sufficient source of carbon to support microbial growth, through co-metabolism, as the
chlorinated hydrocarbons are used solely as an electron acceptor.

Alternative R-4 relies on enhancing the reductive dechlorination reactions by
supplying an additional organic carbon source as an energy substrate to the
groundwater system and driving the ORP to lower, more strongly-reducing conditions
that can not only degrade PCE, but also dechlorinate daughter products such as VC.
This can be accomplished by supplying the groundwater system with a sucrose and
carbohydrate source.

The dilute carbon source solution would be periodically injected through the network of
existing wells and/or other injection points within the source area and downgradient
property boundary to create reactive zones that impacted groundwater flows into, or
through (Figure 7-6). The carbon source is readily degraded by indigenous heterotrophic
microorganisms that are typically present in all aquifers. This metabolic degradation
process utilizes the available dissolved oxygen contained in the groundwater, and drives
the system to a more anaerobic and reduced state. The performance of this enhancement
is measured by monitoring for chlorinated hydrocarbon reductions and relative

concentrations of degradation products; as well as, other indicator biogeochemical
parameters in groundwater.

Reductive Precipitation

As the environmental chemistry of individual heavy metals varies greatly, the potential
for the precipitation of each heavy metal in an anaerobic reactive zone must be
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evaluated separately. This technology is most well-established for chromium, which is
very similar in chemical speciation and susceptibility to precipitation as uranium.

Chromium, like uranium, can be present in the environment in several valence forms.
Hexavalent chromium (Cr+) is the mobile and most toxic form, while trivalent
chromium (Cr3÷) is significantly less toxic and less mobile. Similarly, hexavalent
uranium (UL) can bereduced to the less mobile U4'. These metals, dissolved in
groundwater, can be remediated in-situ by manipulating the groundwater chemistry
toward more reducing conditions, which induces precipitation. These reducing
conditions also created by additional organic carbon source injection, provide the
geochemical environment necessary for dissolved chromium/uranium in the
groundwater to form an insoluble precipitate immobilized in the aquifer matrix. For
chromium, this precipitation process is essentially irreversible while with uranium, a
U4+ precipitate can become soluble if reducing conditions are not currently conducive
and/or can be maintained (remain below 0 mV ORP). Creation of the reducing
conditions results in the reduction of Cr+ and U+ to Cr3÷ and U4W. Several chemical
mechanisms for the reduction of these metals have been elucidated. Potentially, the
most important mechanisms are reduction by ferrous iron into an oxide (Gu, Liang et
al. 1998), contact with hydrogen sulfide gas into a sulfide (Jacobs Environmental
Management Team 1999), and lastly as a hydroxide (Gu, Liang et al. 1998).

In addition, the anaerobic biological degradation of TBP results in 1-butanol and
phosphoric acid (Russell, Russell et al. 1996). The liberated 1-butanol will be utilized
by bacteria as a biomass growth substrates and the co-released phosphate within the
phosphoric acid will be coupled with the uranium as a hydrogen uranyl phosphate and
immobilized.

7.2.3.4 Assessment

Threshold Criteria

Overa// Protection ofHuman Hlea/th, We/fare, and the Environment

Alternative R-4 provides protection to human health, welfare, and the environment
by eliminating all potential exposure pathways because access to groundwater is
restricted by deed restrictions, fencing, and a secured monitoring well network system.

Immediate risk to current workers from potential exposure during maintenance and
treatment activities is dependent on the effectiveness of the in-situ treatments and
natural attenuation in destroying and/or reducing COPCs. Alternative R-4 does
involve active treatment of constituents at the NFS Site without hazardous reagents but
also relies on enhanced natural attenuation to reduce constituent concentrations. There
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are, no significant risks-to human health or the-environment during implementation of
Alternative R-4 if normal construction, operating, sampling, and handling procedures
are conducted and direct worker contact with impacted groundwater is minimized.
Therefore, for protection of human health, welfare, and environmental resources, and
based on the "natural" and non-hazardous remediation aspects of the technologies,
Alternative R-4 is judged to provide the highest level of protection.

Compliance with Applicable Regulations

Alternative R-4 will satisfy chemical-specific regulations in achieving remedial objectives
including the SDWA MCLs and RBCs within a reasonable time frame. The O&M Plan
and SAP would be constructed and/or maintained under this alternative to satisfy
action-specific regulations including the SDWA and Tennessee Underground Storage
Tank. Location-specific regulations are not applicable. Constituent exposure and
chemical-specific regulations for workers and the public will define the degree of worker
protection required during implementation of Alternative R-4.

Balancing Criteria

Long- Term Effecth'eness andPermanence

The degree of long-term effectiveness and permanence provided by Alternative R-4
through active in-situ treatments and the natural attenuation program will be high
assuming 1) the enhanced anaerobic bioremediation and reductive precipitation are
effective in the source area as well as the site boundary; 2) there is sufficient contact
between the reagent and groundwater/COPCs; 3) reductive dechlorination and
precipitation is effective for complete dechlorination of PCE (including VC) and
precipitation of Ui+, respectively; and 4) the monitoring well network is kept in place to
prevent potential direct contact. The magnitude and potential of residual risk is low for
future receptors, and the exposure pathways are eliminated as long as the deed
restrictions, fencing, and monitoring remain in place. Management of the alternative is
required for as long as constituent concentrations in the groundwater within the NFS
Site exceed PRGs. However, a 5-year review is required to assess the effectiveness of
the in-situ treatment in destroying/reducing COPCs, and monitoring well network in
detecting the COPCs and their degradation at the Site.

The combination of these in-situ treatments will remediate groundwater with COPC
concentrations exceeding PRGs. Both technologies are considered reliable and proven
but the degree of effectiveness is highly dependent on the current biogeochemistry.
Components used (injection wells, pumps, etc.) are considered reliable. Because
injections are performed on a periodic basis, low O&M is required for injection
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equipment. As with Alternatives R-2 and R-3, deed and land use restrictions would

limit future land use and prohibit development of groundwater.

To maintain long-term reliability of Alternative R-4, a performance monitoring

program within the SAP and an O&M program will be developed, implemented, and

maintained for the monitoring of groundwater. The adequacy and reliability of deed

restrictions and fencing are sufficient to restrict access to impacted groundwater.

Monitoring of the integrity of the fencing and monitoring wells will be required.
Fencing may require replacement and/or repair due to wear, weather damage, vehicular

accidents, and/or vandalism. Design life expectancy for the injection/monitoring wells

is 20 to 30 years.

Assuming the natural pH range encountered in the groundwater system at the Site is

amenable, uranium precipitates have extremely low solubilities. Only extreme

changes to the pH or redox conditions in the groundwater could resolubilize the

precipitate to any significant extent. Extreme conditions are defined as either very low

(less than 4) or very high (greater than 10) pH, or a strongly-oxidizing environment

(such as that caused by the continuous injection of hydrogen peroxide or ozone).

Reduction of Mobilty, Toxicity or Volume Through Treatment

Current data indicate that reductive dechlorination of chlorinated compounds is presently

occurring at the Site. With the addition of in-situ enhanced anaerobic bioremediation and

reductive precipitation, Alternative R-4 provides a high degree of irreversible treatment and

mobility, toxicity, and volume reduction through COPC destruction, precipitation, and

natural attenuation enhancement processes.

Short-Term Effectiveness

The short-term risk to workers and the public from implementing Alternative R-4 is

controllable and results from deed restrictions, fencing integrity, injection well

installation, in-situ injection treatments at the source area, and the long-term

monitoring program of the remedial alternative. Health and safety issues include

potential release of volatiles during sampling and proper decontamination procedures.

Construction time to implement Alternative R-4 is 6 months. A more detailed

evaluation during design may identify 1) components required for the site boundary

injection system; 2) other COPCs that require monitoring, 3) concurrent

constructability of components; 4) site construction details; and 5) on- and off-site

monitoring details. Minimal risk to the community is expected from implementation.

R99151.doc - NFS - TN0005120001 7-25



Remedial
Alternatives

ARCADIS GERAGHTY& MILLER Analysis

Detailed Analysis of
Alternatives

Alternative R-4 will have effectiveness in eliminating all exposure pathways. The time
required to achieve remedial response objectives by eliminating all exposure pathways
is estimated to be less than 1 year.

Implemen tab1i/ty

Deed restrictions, fencing, and monitoring are easily implementable, and there are
numerous vendors available to conduct this work. However, limited vendors are
available to implement enhanced anaerobic bioremediation and reductive precipitation
systems. Injection well implementation within the impacted area and the site boundary
may be difficult due to existing site utilities and space requirements. Treatment and
monitoring of groundwater can be accomplished easily. Monitoring of the integrity of
the fencing will also be required. O&M activities are of low intensity and involve
monitoring, system adjustments, reagent replacement/ mixing/delivery, and fence
maintenance. All components of Alternative R-4 are reliable in the protection of
human health, welfare, and the environment. The need for future remedial actions
depends on the effectiveness of Alternative R-4 in eliminating exposure pathways.
Future remedial actions are not hindered by the implementation of Alternative R-4.
However, changing or adding deed restrictions, system component replacement,
fencing replacement/removal, well abandonment, and monitoring program addenda
may be required. Coordination with regulatory agencies is attainable.

The key to designing an effective full-scale in-situ enhanced anaerobic bioremediation
and reductive precipitation system is to perform a pilot study beforehand. Pilot study
results provide key parameters (i.e., effective well radii of influence, reagent delivery
rates, and resulting COPC concentrations). In addition, some bench-scale testing may
be required to determine the effectiveness of uranium precipitation.

Cost

The estimated total project present worth cost for Alternative R-4 is $784,200,
including a capital cost of $176,100, an annual O&M cost of $25,200, an O&M
present worth cost of $401,900 (for 8 years), and site closure cost of $25,200. The
capital cost is for the implementation of deed restrictions, the SAP, pilot testing,
design, oversight, and injection well installation. The annual O&M costs are for the
periodic injection treatments at the source area and boundary wells, fencing, and
reporting. Table 7-3 presents the estimated capital, O&M, and present worth costs of
implementing and operating Alternative R-4.
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7.2.5 Summary of SWMU 20/Maintenance Shop Detailed Analysis

As part of the individual analysis of alternatives for the Site, one alternative involving

"No Action", one alternative addressing principal threats, and two alternatives to
eliminate or minimize long-term management are evaluated. Alternative R- 1 is the

only alternative that does not satisfy the threshold criteria to the full extent but is

retained for comparison purposes. Alternatives R-2 through R-4 provide varying
degrees of protection and treatment and will be viable for the selection as a preferred

alternative. The relative merits of all alternatives against each other will be evaluated
in Section 8.0. The detailed analysis of remedial alternatives for the Site is
summarized in Table 7-4.
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8.0 Comparative Analysis for Alternatives

The comparative analysis evaluates the relative performance of each alternative in

relation to each specific evaluation criterion. This analysis is in contrast to the
preceding evaluation (Section 7.0) in which each alternative was analyzed

independently without a consideration of other alternatives. The comparative analysis

focuses on the key differences between the alternatives and attempts to highlight
critical issues of concern to the decisionmaker selecting the preferred remedial action.

The following sections provide a summary of the key comparative features and relative

performance of each site-specific alternative against the other alternatives with respect
to the evaluation criteria (Figure 7-1).

A summary of the comparative analyses including costs for the alternatives is

presented in Table 8-1. Table 8-1 also provides a comparison between each alternative

using the evaluation criteria.

8.1 Overall Protection of Human Health, Welfare, and the Environment

This evaluation criterion is used to assess whether an alternative provides for adequate

protection of human health, welfare, and the environment. The assessment of

protection draws on the analyses conducted under other evaluation criteria, with

emphasis on short-term effectiveness, long-term effectiveness and permanence, and

compliance with applicable regulations. The evaluation of the overall protectiveness

of an alternative focuses on whether that alternative achieves adequate protection over

time and describes how site risks posed through each exposure pathway are eliminated

or reduced by either the treatment, engineering controls, or institutional controls of the

alternative. Overall protection from impacted groundwater that exceeds PRGs is based

largely on the certainty that the remedy can achieve and maintain clean-up levels or

eliminate potential exposure pathways. This criterion must be satisfied in order for an
alternative to be considered as the selected remedy.

The current on-site recreational users and future on-site and hypothetical off-site

construction worker and/or recreational users exposure pathways to humans at the NFS

Site are dermal contact, incidental ingestion, and inhalation with impacted

groundwater. However, off-site migration of impacted groundwater is a potential

exposure pathway to the environment. Therefore, for an alternative to be protective of

human health and environment, it must protect humans from all potential exposure

pathways and protect the environment from the further migration of impacted

groundwater.
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Alternatives R-2 through R-4 would meet the general RAOs for groundwater by

eliminating potential direct contact. This would be accomplished by fencing and NFS

facility requirements. Additionally, deed restrictions would strengthen the effectiveness

and long-term reliability of the alternatives in restricting future land use and access.

Alternative R-4 will provide the highest level of overall protection through institutional

controls and enhanced natural COPC degradation and precipitation. Because the

treatment is with a non-hazardous reagent, degradation of chlorinated constituents is

irreversible, uranium is precipitated and immobilized, and natural attenuation

processes are enhanced, this alternative will reduce the risks associated with all

potential exposure pathways in a reasonable period of time.

Alternatives R-2 and R-3 will provide direct and immediate protection primarily by

institutional controls, fencing, and monitoring. Alternative R-2 further protects human

health, welfare; and the environment through groundwater recovery to remove COPC

mass and increase natural attenuation capacity. However, because COPCs are

transferred to another phase (i.e., air stripping) or ex-situ precipitated in a sludge,

potential risk is present. Alternative R-3 ensures reduced risk from all potential

pathways by in-situ instantaneous destruction of chlorinated COPCs and a high potential

for uranium precipitation. Alternative R-2 provides protection of human health, although

less than provided by Alternative R-3. Table 8-1 presents a summary for the overall

protectiveness of human health, welfare, and the environment for all alternatives.

8.2 Compliance with Applicable Regulations

This evaluation criterion is used to determine whether an alternative meets all federal and

state regulations. Applicable requirements are those clean-up standards, standards of

control, and substantive environmental protection requirements promulgated under

federal or state law that specifically address a situation encountered at the NFS Site.

Section 3.0 presents chemical-, action-, and location-specific regulations that apply to the

NFS Site. NFS, in consultation with appropriate regulatory agencies, will make the

actual determination of which requirements are applicable or relevant and appropriate.

This criterion must be satisfied in order for an alternative to be considered in the

selection process.

Alternatives R-2 through R-4 will comply with chemical-specific regulations

concerning worker and public safety by providing worker protection and a monitoring

well network. Also, PRGs are numerical values that represent chemical-specific

regulations. All alternatives will meet PRGs at the site boundary upon implementation

and meet PRGs within site boundaries over varying time frames. Action-specific

regulations, such as the SDWA MCLs, would be achieved through the enforcement of
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deed restrictions over time. Location-specific regulations are not applicable to

Alternatives R-2 through R-4. Unless a waiver has been obtained for a particular

regulation, the selected remedy must comply with all regulations. Table 8-1 presents a

summary of regulatory compliance for each alternative.

8.3 Long-Term Effectiveness and Permanence

This criterion addresses 1) the effectiveness of an alternative in terms of residual risk

remaining at the Site after response objectives have been completed (e.g., after

groundwater plume management activities are concluded) and 2) the reliability and

maintenance of controls that are used to manage the risk posed by treatment residuals

and untreated wastes. The evaluation assesses any residual chemical constituents that

may remain in the groundwater after the remedial action has been completed.

However, for an alternative such as Alternative R-2, this criterion assessment period

begins after the system complies with clean-up levels and active collection and

treatment has ceased because the response action is treatment. In addition, the

effectiveness of the treatment technologies is evaluated in terms of the risk posed by

the groundwater quality after implementation/operation. Further, any residual

constituents remaining in the groundwater (or adsorptive media generated by the

alternative) are assessed.

8.3.1 Magnitude of Residual Risks

Alternatives R-3 and R-4 provide a higher level of long-term effectiveness and

permanence than Alternative R-2 by providing a degree of in-situ active treatment of

impacted groundwater that exceeds PRGs at the Site, thereby reducing residual risk

from impacted groundwater left at the Site. Alternatives R-3 and R-4 are expected to

eliminate or significantly reduce all residual risks to acceptable levels to potential

future receptors as well as to provide long-term reliability through .the deed

restrictions, collection, irreversible treatment, and natural attenuation capacity.

Alternatives R-3 and R-4 can expedite remediation of groundwater by providing

improved COPC removal efficiency for treatment through in-situ processes.

Alternative R-4 will reduce residual risks to a greater degree than other site alternatives

since enhancing in-situ biodegradation will more effectively remediate the aquifer

matrix. Alternative R-4 can also be used to remediate the off-site plume by enhancing

natural attenuation processes. Alternative R-3 provides the next highest level of

long-term effectiveness because the oxidation treatments will destroy COPC mass;

however, oxidation is somewhat counter productive (highly aerobic) in the degradation

of off-site chlorinated hydrocarbons and may be inefficient in the precipitation of

uranium.
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AMtemative-R-2-wtll not have as high a level of long-term effectiveness as Alternatives

R-3 and R-4 since COPC recovery is dependent solely on COPC travel velocities and

natural attenuation. Alternatives R-3 and R-4 are expected to eliminate or significantly
reduce all risks to acceptable levels to both on-site workers and potential off-site

receptors as well as provide long-term reliability through the in-situ treatment of
impacted groundwater. Alternative R-2 involves ex-situ treatment of groundwater and

will produce treatment residuals such as VER process water, spent GAC, and filtration
sludge. These residuals will require treatment and/or disposal to eliminate any future

potential risk to the environment. All alternatives require management and 5-year
reviews for as long as COPCs exceed PRGs.

8.3.2 Adequacy and Reliability of Controls

Alternatives R-2 and R-3 contain mobile and fixed groundwater treatment systems,
respectively, and will operate until the clean-up levels are achieved. Because the risks

will be irreversibly reduced, the potential need for system restart is expected to be

minimal for these alternatives. After clean-up goals have been achieved, the long-term
controls will consist of administrative controls and monitoring. Administrative
controls and monitoring will also adequately protect human health and monitor the

success of the remediation. Alternative R-4 uses mobile treatment units at periodic

intervals, thus reducing the need for additional or fixed equipment. Alternatives R-3
and R-4 are proactive and proven technologies for mass removal. Alternative R-2 uses

VER and ex-situ treatment system that will produce spent residuals. Alternatives R-3
and R-4 provide a higher level of reliability and lower potential need for system restart

than Alternative R-2 because of the use of in-situ biological and physical COPC
removal and faster clean-up times.

Table 8-1 provides a summary of the comparative evaluation of the long-term

effectiveness and permanence including magnitude of future residual risk, long-term
reliability of controls, prevention of exposure to residuals, potential need for

replacement of technical components, and long-term management requirements of
each site alternative.

8.4 Reduction of Mobility, Toxicity, or Volume Through Treatment

This criterion addresses the degree to which alternatives permanently and significantly
reduce mobility, toxicity, or volume of COPCs in the groundwater. This criterion

considers: 1) the treatment process used; 2) the amount of groundwater treated; 3) the

degree of expected reduction in mobility, toxicity, or volume; 4) the degree to which

treatment is irreversible; and 5) the type and quantity of residuals remaining after
treatment, both in the groundwater and from any treatment process.
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Alternative R-2 will significantly reduce the mobility of the COPCs. Alternative R-3
will provide reduction of toxicity and volume through physical in-situ destruction but
will not affect mobility. Alternative R-4 will permanently and significantly reduce the
mobility, toxicity, and volume of chemical constituents to the highest level for the Site.
All alternatives are considered irreversible treatments if the biogeochemistry is
favorable and controlled. Alternatives R-3 and R-4 are designed to provide the
greatest combined reduction through treatment because the treatment technologies
destroy, degrade, and/or immobilize groundwater constituents. Alternatives R-3 and
R-4 provide in-situ treatments, thus.expediting the remedial time. Alternative R-2 will
produce treatment residuals.

All alternatives rely on some degree of natural attenuation to aid in the remediation of
the groundwater. However, the concentrations of residuals remaining in the
groundwater matrix after any treatment considered for the Site will be below PRGs.

Table 8-1 provides a summary of the comparative evaluation of the constituents
destroyed; reduction of mobility, toxicity, or volume; irreversibility of treatment; and
residuals remaining after treatment for each alternative.

8.5 Short-Term Effectiveness

This criterion addresses the effects of each alternative during the implementation and
construction phases until remedial response objectives are achieved (e.g., clean-up
levels are achieved). Alternatives are evaluated under this criterion based on their
effects on human health, welfare, and the environment during initial phases of the
remedial project. The evaluation considers 1) the protection of the community during
remedial actions, 2) the protection of workers during remedial actions, 3) the
environmental impacts of construction and operation, and 4) the time until remedial
response objectives are achieved.

Currently, the NFS Site poses no known off-site risks to the community. For all
alternatives, short-term effectiveness for the monitoring well network is high because
sufficient monitoring well network is presently in use to detect any further migration of
constituents to off-site property. The more complex and involved alternative, Alternative
R-2, takes progressively longer when considering the time needed to construct and install
treatment equipment. Alternatives R-2 through R-4 have estimated remedial times to
reach objectives (PRGs) of 15 years, 5 years, and 8 years, respectively, based on current
source term, estimated removal rates, COPC biodegradation half-lives, and modeling.
Alternatives R-2 and R-3 create higher short-term risks of worker exposure and the
potential of fugitive dust during trenching, drilling, and system installation(s) than other
alternatives. These risks appear manageable by using appropriate engineering and
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construction management controls. Only minor short-term risk is associated with

injection well drilling during implementation of Alternative R-4.

Table 8-1 provides a summary of the comparative evaluation of the short-term
effectiveness including construction time, remedial time tocompletion, community

protection during implementation, and worker protection during implementation of
each alternative.

8.6 Implementability

This criterion addresses whether or not there are any technical problems or
administrative issues associated with an alternative that would halt or delay the
remediation. This includes analyzing the availability of various services and materials

required during its implementation. This criterion considers 1) the ability to construct

and operate the technology; 2) the reliability of technology; 3) the ease of undertaking
future remedial actions; 4) monitoring; 5) the coordination with other agencies; 6) the
availability of TSD services; and 7) the availability of necessary equipment,
specialists, and materials.

Alternative R-2 may require federal, state, and/or local permits because of air
emissions and discharge to the POTW. This alternative is anticipated to take longer to
implement. Alternative R-3 will take the next longest because of the number of
injection wells required for containment, injection permit, and reagent delivery piping

installation. Alternative R-4 will take the shortest time to implement as fewer injection
wells are needed for containment and the monitoring well network is currently in

place. All remedial technologies are proven and reliable. If future remedial actions are

deemed necessary, such actions could be conducted with minimal disruption to

Alternative R-4, however, Alternatives R-2 and R-3 involves conveyance piping that
may prove difficult in future actions if removal is required. All alternatives provide

varying degrees of flexibility in design and operation.

All alternatives, which meet threshold criteria, require monitoring of groundwater

and/or treatment system effluents. All alternatives require coordination with other

agencies for deed recordations and/or permitting. Alternative R-2 will require the use

of TSD facilities or services for treatment residuals (such as sludges and/or spent

carbon) and/or excavated impacted soils from monitoring well and trench installation.

Equipment, specialists, materials, and TSD capacity for all alternatives are available.

Table 8-1 provides a summary of the comparative evaluation of implementability

including the ability to construct and operate the technology, ability to phase actions,

ease of future remedial actions, ability to monitor effectiveness, ability to obtain
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approval from other agencies, availability. of services and-capacities, and availability-of

equipment, specialists, materials, and TSD capacity for each alternative.

8.7 Cost

This criterion addresses the "study estimate" cost for each alternative. Costs evaluated

include capital, O&M, and present worth.

The increases in present worth value reflect the increases in complexity and/or
remedial period of the alternatives. Alternative R-2 provides the highest present worth

cost for active remediation over 15 years mainly due to high construction and O&M

costs; Alternative R-3 provides for a 5-year remedial period for a cost of nearly

one-third the cost of Alternative R-2 with the cost drivers being the continuous

injection system and high cost associated with source control treatments and safety.

Alternative R-4 provides for an estimated remedial period of 8 years for approximately

one-fifth the cost of Alternative R-2 and less than Alternative R-3 with cost savings
provided by no permanent aboveground treatment systems and more effective in-situ
treatment. Table 8-1 provides the capital, first year annual O&M, O&M present worth,

and total project costs for each alternative.
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9-.0 Preferred Alternative

The results of the detailed analyses, and especially the comparative analyses, serve
to highlight the relative advantages and disadvantages of each alternative and its

respective components so that important comparative aspects can be identified. The

combination of these results and the risk management judgments made by the

decisionmaker become the rationale for selecting a preferred alternative. The logical

progression for selecting the preferred alternatives presented in this RAA Report

serves as the basis for the selection rationale and provides a transition between the
investigation/remediation process, the development of the design, and ultimately the

remedial action. A general description and rationale for selection of the preferred

alternative for the NFS Site is presented below.

9.1 SWMU 20/Maintenance Shop Preferred Alternative

Alternative R-4, incorporating deed restrictions, fencing, site monitoring (of natural

attenuation), in-situ enhanced anaerobic bioremediation, and in-situ reductive

precipitation, is identified as the preferred alternative for the SWMU 20/Maintenance

Shop Site. Components of Alternative R-4 address the principal concerns and

objectives associated with the Site including: 1) the protection of human health, welfare,
and the environment; 2) compliance with applicable regulations; 3) containment of

COPCs within the impacted groundwater that may pose future risk; and 4) the in-situ

treatment of COPCs below land surface by biodegradation and precipitation.

Alternative R-4 includes the following actions:

. Implementation of deed restrictions over the Site;

Inspection and maintenance of site boundary fencing;

* Monitoring the groundwater for COPCs and biogeochemistry, the integrity of
fencing, and remedial action (i.e., natural attenuation and in-situ treatments)
performance;

* Performance of periodic carbon source injection treatments on new injection and
existing monitoring wells (as needed); and

* Reevaluation every 5 years of the effectiveness of the remediation and the degree
to which other emerging remediation technologies may be suited for the Site.

The following subsections describe the key components of Alternative R-4. Although

details of the various methods or designs of these components are based on

information presented in Sections 7.0 and 8.0, the final design details and possible
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substitution of a more feasible process options will be addressed during the remedial
design and action phases.

Alternative R-4 is capable of complying with all RAOs associated with the COPCs
identified within the Site. The alternative is an action intended to eliminate
unacceptable risk by performing groundwater monitoring (of natural attenuation)
and injection treatments that have the benefits of in-situ remediation. The components
of Alternative R-4 will also prevent potential future exposure to any remaining COPC
residuals within the Site.

9.1.1 Deed Restrictions

Deed restrictions prohibit the use of and access to impacted groundwater through legal
actions taken to modify the deed for the subject property at the Unicoi County
Courthouse. Deed restrictions impose limitations and restrictions on the land and
groundwater use (e.g., well drilling, residential construction) until the groundwater is
remediated to acceptable levels. NFS and governmental agencies may also execute
policies to restrict land use for the Site. All such mechanisms are referred to as deed
restrictions. The enforcement of deed restrictions is not difficult due to the present
industrial nature and security procedures at the NFS facility.

9.1.2 Fencing

Existing site vehicular security fencing at the site entrance and along site boundaries
will limit unauthorized access to monitoring wells and groundwater within the Site.
Fencing is required to restrict physical access to impacted groundwater where physical
barriers and/or warning signs do not already exist. Existing fencing at the NFS facility
is elaborate and in excellent condition. Additional fencing will not be required under
Alternative R-4 as deed restrictions are (or will be) in place.

9.1.3 Site Monitoring

Monitoring will be conducted for groundwater quality (both COPCs and
biogeochemistry), fence integrity, and in-situ treatment effectiveness. Groundwater
monitoring consists of groundwater sampling and laboratory analyses for COPCs and
biogeochemical parameters from designated monitoring wells to 1) detect constituent
migration and COPC concentrations, and 2) determine the effectiveness of enhanced
anaerobic bioremediation and reductive precipitation treatments and natural
attenuation activities in remediating the groundwater. Groundwater monitoring is used
to confirm and/or identify potential new routes of migration of constituents and to
confirm and evaluate the progress of the remedial action. This information allows
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other decisions to be made such as optimizing operating parameters. The integrity of
the fence will also be monitored according to NFS procedures for fence inspections.

9.1.4 In-Situ Enhanced Anaerobic Bioremediation

Reducing conditions conducive to enhancing reductive dechlorination of PCE and
daughter products would be accomplished through the in-situ injection of an additional
organic carbon source for anaerobic bacteria to utilize in the breakdown of COPCs.
This reagent would be injected periodically within a series of injection wells (and
existing monitoring wells) at the source area and site boundary to attain low oxygen
and redox conditions. These conditions will facilitate the biodegradation of
chlorinated hydrocarbons and TBP. Current biogeochemistry is a vital aspect of the
success of implementing Alternative R-4 and manipulation of subsurface conditions is
a complex process.

9.1.5 In-Situ Reductive Precipitation

In-situ reductive precipitation is targeted for the remediation of uranium. It is
well-documented that under reducing conditions, such as those created by additional
organic carbon source injection, mobile uranium will react with ferrous iron and
sulfides produced during increased anaerobic bacteria to form insoluble oxides,
hydroxides, and/or sulfides. This will be accomplished in the same manner as in-situ
enhanced anaerobic bioremediation but focused on the uranium plume.

9.2 Rationale for Preference

Based on ARCADIS Geraghty & Miller's review of available data, our understanding
of site conditions, RAOs, alternative evaluation, and pending the results of a natural
attenuation evaluation, Alternative R-4 - DeedRestrictions, Fencing, Site Monitoring (of
natural attenuation), In-Situ Enhanced Anaerobic Bioremediation, and In-Situ Reductive
Precipitation, is the preferred alternative for groundwater remediation at the Site.

Alternative R-4 provides the highest degree of overall protectiveness to human health
and the environment by providing reduction in risk through fencing, and direct,
cost-effective containment/reduction of COPCs within site groundwater by in-situ
degradation/precipitation, supported by the natural attenuation monitoring well
network. Alternative R-4 complies with applicable regulations because: 1) enhanced
biodegradation, reductive precipitation, and natural attenuation will reduce COPC
concentrations below PRGs over a reasonable time frame; and 2) remedial actions will
eliminate or reduce risk posed by potential exposure pathways. Alternative R-4
provides long-term effectiveness and permanence by removing COPC mass,
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stimulating in-situ biodegradational processes that reduce residual risk, and eliminating

or reducing long-term management.

The equipment and controls needed for Alternative R-4 are mobile, reliable, easily
operated, used commonly in other remedial activities, and require low O&M cost. The
implementation time for Alternative R-4 is estimated to be less than 6 months. The time
required to achieve RAOs is estimated to be 8 years, based on the effectiveness of
enhanced bioremediation/precipitation treatments, and natural attenuation processes.
Alternative R-4 is easily implementable, with vendors available, and any remedial
upgrades or additions are easy to install. Approval from any regulatory agency is
expected based on the degree of risk reduction provided by the remedial components;
minimal permitting requirements; and cost effectiveness. Alternative R-4 provides a
high level of effectiveness in a short period of time in achieving RAOs at the Site.

The advantages of using in-situ enhanced anaerobic bioremediation and reductive

precipitation as technologies to remove COPC mass, and thus reduce clean-up time at
the Site, include: 1) effective in-situ treatment of a COPC plume that has migrated
offsite; 2) assured protection of potential receptors through COPC reduction; 4) a
reasonable remedial time compared to other alternatives; and 5) ultimate enhancement

of presently-occurring natural attenuation processes. Alternative R-4 is a phased
approach intended to reduce COPC mass and concentrations to levels amenable to
natural attenuation. In the long term, natural attenuation processes will become the

primary remedial technology to achieve groundwater RAOs.
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Tablel 2-1. Sumimary of Occurrence Data in Monitoring Wells - Total I Iranium and Volatile Organics
Nuclear Fuel Services, hic. Erwin, Ienicsscc

P'age I w .,

Well 72 Well 93 Well 108A

Date 11233,234 U1234 U235 U238 U233,234 U234 U235 U238 U233,234 1U234 U235 1U238
Measured (pCi/l[) (pCi/I.) (pCi/L) (pCi/L) (pCi/l.) (pCi/L) (pCi/L) (pCi/L.) (pCi/L) (pCi/L.) (pCi/L) (pCi/L)

Jun-95 ..........

Ju l-95 ...................

A ug-95 .................

Sep-95 . . ....................

Oct-95

Nov-95 137.7 6.31 53.46 ..................

Dec-95 --.. .. ... ................

Ja n -9 7 .. ....... .. .............- -
Feb-97 ............. 648.545 - 26.269 300.047

M ar-97 .- -..... ........

A pr-97 ...................- --
May-97 ..... ..... .. .... 816.409 --- 37.202 383.936

Jun-97 ...- -- ---..

Jul-9 7 ................. ...

A ug-97 .. ............ ......-

Sep-97 ................. 837.835 51.213 372.232

Oct-97 ...... .. .- - -

Nov-97 .... ... ..............- -

Dec-97 ............ 835.924 44.05 350.039

Jan-98 ...... ... .....- -...

Feb-98 . . ............. ......-. --

Mar-98 .... ....... 75.172 3.901 11.718 - 661.576 31.274 317.471

Apr-98 . ....... ..- - - - 828.775 50.867 380.116

May-98 -..... "-.....- - -

Jun-98 .. ........... ....

Jul-98 ..........

A ug-98 ........ .......

Sep-98 .... .......... 246.317 --- 12.41 108.304
O ct-9 8 . ... ..............

Nov-98 -. .- .... ........

Dec-98 ............ 622.473 - 39.631 237.783

pCi/I. - picocuries per liter
- no data for this sampling period

T33357 - 8/5199 MD
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Table 2-1. Summary of Occurrence Data in Monitoring Wells - Total I1ranium and Volatile Organics
N CiCr Fuel Serv ices, Inc. Erwin, e'nIeiiussee

'age 21 ,

Well 109A Well I IOA Well IlIA

Date U233,234 U234 U235 U238 11233,234 U234 11235 U238 U233,234 U234 11235 11238
Measured (pCi/F) (pCi/I.) (pCi/F) (pCi/I.) (pCi/L) (pCi/L) (pCi/I.) (pCi/L) (pCi/L) (pCi/L) (pCi/l.) (pCi/L.)

Ju n -9 5 ...... .. ......

J u l-9 5 .... .......

A u g -9 5 . ...... ..................... ... .

S ep-9 5 . .. .. ............

O ct-9 5 . ..... .. .. ..... -...

N ov-95 ..............

D ec -9 5 .. .. ....... ...... ... .

Jan -9 7 ................ .

Feb-97 282.711 -. 22.535 555.178 10.22 - .548 B 2.464 6.566 - .101 B 0.303 tJJ

M a r-9 7 - -.....- - - - ..- -

Apr-97 - ........- - --- -- .

May-97 174.078 - 9.178 277.791 7.279 - 0.531 2.957 10.084 - .062 UIJ 1.294
Jun-97 ............ ....----.... .......-

Jul-97 - - -- ...---.... - - -- -

Aug-97 .- -- - ...- - -

Sep-97 - 146.971 9.929 272.242 - 7.978 0.276 1.696 - 6.238 0.136 0.679

O c t-9 7 - - . ..- .......- - -.

Nov-97 - - - -............. .

Dec-97 - 191.785 13.699 333.028 .....

Jan -9 8 .................... .. .
Feb-98....... ........

Mar-98 -- 241.434 18.874 372.04 .

Apr-98 ... ..... ...

May-98 - 233.565 18.114 376.845 ............

Jun-98 ..- - -.-........

J u l-9 8 ........ .... ...

Aug-98 -...--- .......

Sep-98 107.639 -- 10.329 210.93 ................

O c t -9 8 - .. ...

N o v -9 8 ..- - .- ... ..

Dec-98 14.381 - 1.144 26.205 .............

pCi/L - picocuries per liter J - estimated value
LI - value less than the minimal detectable concentration
-.- = no data for this sampling period

T33357 - 8/5/99 MD
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Table 2-1. Siiminaiy of Occurrence Data inl Monitoring Wells - Total ! Iraniurn and Volatile Organics P'age 3 .1 "ý

Nuclear Fuel Services, Inc. Elwin2, "lteitessec

Well 112A Well 113A Well 114A

Date U233,234 11234 U235 U238 1-233,234 U234 U235 11238 U233,234 U234 U235 13238
Measutred (pC'ill.) (pC~i/L-) (l'iiCA.) (pCill .) (pCill.) (pCi/l.) (PC i/l. (pCi/ll) (pCi/l,) (pCi/l.) (pCOl.) (pCi/[.)

Jtu n -9 5 ........................

JR l-95 ......

Aug-95 ...... .... ... ........

Sep-95 ..
O ct-9 5.. ........ ........

N o v -9 5 . ............... .. .. ...

Dec-95 ..... .. .......-....-.
Jan -9 7 . ....... ....... ...

Feb-97 2.172 . .207 B 0.103 1.158 -- 0 B 0 LIJ 0.579 -- .579 B .29 UJ
Mar-97 ...

A pr-97 .... - .. .

May-97 0.26 0.065 LJJ 0.065 LJi 0.394 -- 0.056 UJ .1 13 MS .647 IJJ -- .216 MiJ .047 tIJ

Jun-97 -... -- ......

Jul-97 ...... ........

Aug-97 .........- -- .. .-...

Sep-97 -- 0.873 0 US 0.0 UJ - 0.282 .056 LJJ 0.056 -- 0.449 .013 UJ 0.053

Oct-97 - 0.35 0 US 0.0 UJ 0.0 UJ .109 UJ 0.0 i .. - -

N o v -9 7 .-... . ... ... .- - - -

D ec-97 .................

Jan-98 .. .

Feb-98 ............. ........

M ar-98 ................

Apr-98 .........

May-98 ... ..

Jun-98 ......

Jul-9 8 ............ ....

Aug-98 .....
S ep -9 8 ......... ....... ...

Oct-98 ......

Nov-98

D ec-98 .....................

pCi/l. - picocuries per liter B - detected in the blank at similar concentrations or activities
J - estimated value
U - value less than the minimal detcctable concenlralion

T33357 - 8/5/99 MD
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Table 2-1. Summary of Occurrence Data in Monitoring Wells -Total Uranium and Volatile Organics
Nuclear Fuel Serviccs, Inc. Erwin, lennesscc

P'age 4 1'

Well 114B
Date 1,233,234 11234 U235 11238

Measured (pCi/l.) (pCi/L) (pCi/L) (pci/I,)

Well I 15A
UJ233,234 U)234 11235 1-238
(pCi!l) (pCi/l.) (pCi/I[) (pCi/I.)

Jun-95

Jul-95

Aug-95

Scp-95

Oct-95

Nov-95

Dcc-95

Jan-97

Feb-97

M ar-97
Apr-97

May-97

Jtm-97

Jul-97

Aug-97

Sep-97

Oct-97

Nov-97

Dcc-97

Jan-98

Fcb-98

Mar-98

Apr-98

May-98

Jun-98
Jul-98

Aug-98

Scp-98

Oct-98

Nov-98

Dcc-98

(1 B0.987 .37 13 0.123 0.241

339 HIJ

0,483

.609 UJ .203 LJ 0.102 LJi .226 1 IJ (.0 LIJ

0.347 .0128 LJJ 0.0 UJ0.299 .0176 LJJ .018 .JJ

pCi/I. - picocuries per liter J - estimated value

kI - value less than the minimal delectable concenteration

no data lor this sampling period

13337 - 8/b/99 ML)



Fable 2-1. Ssitin ma ry (if tLIrasiitai (Occairr ance hi N Iuniloring We 115
Nticleir Fuel Services, Inc. ): I,, ennessee

P'ag, >,2 ,

Well 92

[ate PCE 'ICE 1,2-DCE Vin)l chloride
Measured (mg/i.) (mg/I.) (nig/l.) (nag/.)

Well 97A
PCE TCE l,2-DCE %'in) I chi-,ide
(mg/i.) (nig/ *1 (nig.'

1
.) lrg/L.)

Well 100A

PCE TCE 1,2-DCE Vinyl chloride

Irg/l.) (mg/l) I (mg/L) (rng/L)

Well 101A
PCE TCO 1,2-DCE Viu)'l chluride

(mg/l.) (mgA i (mg/i.) (ng/ll)

Jan-95
Feb-95
Mar-95
Apr-95

May-95
Jun-95

hld-9S

Aug-95

Sep-95

Oct-95

Nov-95

Dec-95

Jan-96
Feb-96

Mar-96
Apt-96

May-96
Jun-96

Jul-96

Aug-96
Sep-96
Oci-96
Nov-96
Dec-96
Jan-97
Feb-97

Mat-97
Apr-97
May-97

Jun-97
Jul-97

Aug."7

Sep-9
7

Oct-97
Nov-97

I)ec-97

Jan-98

Feb-98

Mar-98

Apr-98

May-98

Jum-
9 8

Jul-98

Aug-98

Sep-98
Oct-98

Nov-98

DcC-98
Jan-99

Feb-99
Mar-99
Apr-99

0005617 0,011221 0.010612 0.mO5 0.01519 0.00991

0.005 0.015 0.005 0.01

0.017 0.005 0.0082

0.804035 0.0172 0.014991 0.005

0.00103 0801042 0.013263 0,005
0.023791 0.01301 0.011439 0.005

0.011249 0.01282 0.012284 0.005

0.02874 0.01€16, 0.019722 0.005

0.008635 0.00862 0.009849 0.005
0.0105759 0.01044 0.008413 0.005

0.023889 0.00941 0.011477 0.005
0.026795 0.00795 0.012468 0.005

0.012982 0.01531 0.019245 0.005

0.014945 0.01234 0.029431 0.005

0.024185 0.0098 0.017698 0.005

0.022427 0.01394 0.028348 0.005
0.019449 0.0)1227 0.01692 0.005

0.014117 0.01349 0.012884 0.012115
0.0)0551 0.01044 0009145 0.005

0.0)2618 0.00981 0.009132 0.005

0.022979 010953 0.018264 0.005
0.009405 000799 0.008 0.005
0.009935 00017 0.017732 0.005

0.017917 0.01202 0.013699 0.005
0.018585 0.00709 0.019523 0.005

0.006943 0.00872 0.036184 0.005784
0.006048 0.02072 0.122319 0.007542

0.0116759 0.01696 0.078754 0.007799

0.013217 0.01167 0.058 0.007136

0.0212 0.0073 0.0275 0.005

I0.0184 0.1067 0.012 0.005

o.0183 0,0064 0.014 0.005

0.0155 0.11)6 0.0139 0.005

0.0157 0.005

0.064 0,004 0.08 0.05
1.01)) 0.0061 0.0115 0.005

0.0108 00085 0.0099 0.005
00227 0,1)79 0.0735 0.0097

0.0291 0.0224 0.1026 0.0099
0011 010092 .0249 J 0.005

0.0125 0.10103 0.0492 0.005
0.0076 0,0I)08 0.0164 0.005

00097 0,0076 0.0218 0.005

0.0212 0.10),7 0.0134 0.005
0.0137 0.0056 0.01 0.005
0.022 0.0058 0.0093 0.005
0.0166 0.0054 0.008 0.005

0,0121 0.0076 0.0146 0.005

0.01 l0S
0.00008

0.0158
0.01242

0.04245

0.01074

0.02364

0.05883
0,05244

0.05341

0.00008
0.00008

0.00008
0.08241

0.00008
0.00008

0.00008

0,94934
0,07315
0.07588
0.07753
0.0008

0.04514

0.0008
0.02221

0.0008
0.022

0.001

0.06

0.067

0.0143

0.0884

0.0926
0.0495
0.0537

0.0518 1
0.00)

0.00)

0.00)

0.001

0.00)

0.001

0.001
0.0525

0.00821
0.01807

0.00031
0.00788
0.00532
0.0098

0.0221t,

0.0722
0.048211

0.06239

0.04529

0.00038

0.02133

0.085H

0.0797/,

0.00038
0.05430'

0.0602-,
00441

0.04816•

0.05751
0.04926

0.03656

0.0288f,

0.03196
0.0298
0.029

0.028

0.037

0.042

0.005/

0.10-2

0.0843

0.0838
0.0375

0.0428

0.0386
0.0123

0.004

0.004

0.004

0.004

0.004

0.004
0.0409

0.20924

0.21915

0.30412

0.19069

0.1769

0.15741

0)4884

0.20169

0.48706

0.26064

0.39124

0.22034

0.28871

0.22578

0.23612

0.20492

0.18875

0.16095

0.04425

0.16562

0.23117

0.31037

0.24908

0.27236

0.25749

0.23223

0.18017

0.171

0,145

0.22

0.219

0.013

0,407

0.3537

03462

0.2544

0.2735

0.21016

0.2202

0.1487

0.1513

0.1821

0.1341

0.0998

0.1139

0.2564

0.007 18

I)0005

0005

0.005
0005

0.005
0.005

0.005
0.0313o

0.08295

0.08094

008028

0.005
0.02599
0.11461

0.12016
0.005

1,16768
0.005

0.006589
007)144
0 0744

0.05
006158
0.06365
0.07201

0.06929
0.069

0.068

0105

0ý05
0085

0 119
0 16

0.1786

000836
0.0849

0.05
0,05

0.05

0.05

0.05

0.05

0.05

0.05
0.05

0.007)140 100U7) 0.011t146

0.0098 0.00.15 OM0O08O

0.0035 0.0004 0.0055 0.005

10075

0.006

0013 0.011)

0.0012 0.008

0.0113 0.004 0.008 0.005

0.005
0.0339

0.0004 0.008
0.0039 0.008

ilg/l. - milligrams per liter
J - essim3atcd ,alne

. no data for lhis saiillhig pcrio~d

T33357 - 815/99 MD



Table 2-1. SoritimiAry of Ulraniumi, Occurrance in Mounitoring WCllo
Nuceleai Fiuel Services, Inc. Im .in. leniricroe

Padct, .. I

Dlate
Measured

1iell 1l13A

PCE TCE 1,2-DCE Vinyl chloride
(mg/l.) (mg/l.) (mg/lI.) (mg/I)

Well 104A

PCE TICE ,2-DCE Vinyl chloride
I mg/I.) (mg/I.) (mg/l.) (mg/I)

Well 108A

PCE TCE 1,2-DCE Vinyl chloride
(rug/L) [riig/I.) (nag/L) (nig/I.)

Well 109A

PCE TCE 1,2-DCE Vinyl chloride

(mg/L) (rag/1) (rg/fl.) (nog/I.)

Jan.9S
Fch-95

Mar-95

Apt-95
May 95
Jrm.95

Jul-9
5

Aug-95

Sep-95
Oct-95

No, .95
Dek 95JNrr•iii

Feb-96

Mal 9,
Apr.9o

May-96
in.-96

Jii1"96

Aog-96

Sep-96
Oci-

9
6

No,'-96

Dec-
9
6

Jan-97

Feb-97

Mar-97
Apr.97

May-97
Ji..97

Jul-97

Aug-97

Sep-97
Oct-

9
7

Nu, -97

I)ec-97
Jan-98

Feb-98
Mat-98
A pr-

9 8

May-98

Jun-98
Jul-

9 8

Aug-98
Sep-9

8

Oc1t9
8

Nok-98

LDec-98
Jan-99

Feb-99
Mar-99
Apr-99

5.6382 0.0381 0.3404 0.005

12.2466
6.20015
4.88395

7.701(9

3.4849

2,0 172
7.59i25

4.93585

3.9708

0.28288

5.71988

6.06
6.6356

6.63245

2.03405

10.0387
10.2666

5.6846

6.848
7.48045

7.9096

6.3 194
1.8167

3.4936
5.6148

5.585

5.195

3.665

5.84

0.61021 01.8858 0.005
0.35115 0.5066 0.005
0.21565 0.32235 0.005

0.4466 0.534 0.005

0.1459 0.37205 0.005
0..13175 0.1784 0.005

0.34/05 o.)57 0,005

0.00038 0.43925 0.005

0.32685 0.396 0.005

0.00(138 0.008 0.005

0.3102 0.4398 0.005

0.41775 0.4403 0.10355
0.57665 0.5814 0.57195

0.56255 0.5626 0.58015

0.14608 0.12902 0.0105

0.6777 0,6917 0.005

0.6324 0.6254 0.005

0.37515 0.39555 0.DM5
0.3905 0.37465 0.005

0.41585 0.4676 0.25

0.4386 0.497 0.2

0.29375 0.3932 0.25
0.019 0.4 0.25
0.2803 0.5913 0.5

0,2492 0.40375 0.25

0.255 0.455 0.25
0.24 0.4 0.25

0.235 0.53 0.25

0.275 0.6 0.25

0.00041 0.00038 0.008

t 0000407 0.00038 0,00H

0.000467 0.00038 0.)08

0.00008 0.0003h 0.0108

0.004734 0,00038 0.008

0.00008 0.00038 0.008

0.00008 0.00038 0.008

0.00008 0.00038 0.s008

0.001)18 0.00038 0.008

0.00008 0.00038 0.008

0.0001 0.00(04 0.008

0.006 0.0004 0.0084

0,0001 0,0004 0.008

0.0001 0.0004 0,.001(8

0.0001 0.0004 0.000

0,0001 0.0004 0008

0.005

0.005

0.005

0.005

6.4 0.005 0.005 0.01

0.34 0.071 (1.22Y.005

0.005

0.005

0.005

0.005

0.005

0.005

0.005

0.005

0.005

0(.00 5

0 03

(.13665 0.125564 0,201606 0.070559

8.717 0.3074 0.8 0.5

4.315/3.186 J (1.25/0.198 0.495 0.25/.043.

4.1139 0.1765 0.3825 025

1.8886 0.2783 0.4572 0.25

2.4039 0.2819 0,3488 0.25

4.4634 0.2094 0.435 0.25
5.7773 0.3076 0.2346 0.25

10.1597 0.5015 0.8 0.5

1.83441 0.1846 0.4 0.25
9.5296 0.5631 B 0.8 0.5

5.2896 0.2682 0.4 0.25

3.8781 0.02 0.2657 0.25

5.8539 J 0.04 0.8003 0.5

6.7459 0.04 0.8 0.5

5.4053 0.2143 0.4 0.25
6.6024 0.4277 0.8 3 .500 3

14.61 0.4 1.02 0.5

14.091 0.6205 1.204 0.625

12.5713 0.27/9 0.6979 0.5

11.8002 0.4198 0.8 0.5

0.14094 0.025327 0.139010(

0,3692 0.5538 08

0.111 003-1 0,139

0.0783 0.02/ 1 1W84

0.1546 0.034-I 8.1191

0.1368 0.0116 0.08

0.1377 0.04w.u 0.1753

0.3438 0.0761 0.2134

0.1034169

0.5

o.05

0.0)

S10 1-4

0.058.109 0A 1.25

19.583 0,1001 2.000 J 1.250 J
13.8945 0,100) 2.000 J 1.250 1

org/L. - milligrams per liter
J - estimated value

- = no data for this sampling period

11 detected ini [lie blarnk at simnilar corncentrartionrs or activities

T33357 - 815199 MO
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Table 2-1. Summ ~ra rN of I Ira lroi itti)cctrr ance i it NlI imilI(rrrigg WcIls
N.ocleti joel Setrvices, In1c. Ijrwinu. let rssee

%clIIIA
D~art PCE I(LC I,2-DCE Via% I chloride

Nlr-asturcl togl .1 (iorg/I.) (rg
1
%11.) /L

Well I 13A

P(E TtE 1.2-DICE Vinyl chloride
(mtrg.1 (org/I .) (org/I.) (tg/l.)

Well I 148
P(:E -rub: 1,2-15CE Visyl chloride

Ifltg'I - (rug/I I (nrg/I.) (org/fl)

Well II6A

PCE TCE I,2-DCE Vin)l chloride
(lot/Il. mrg/LI (mg/I.) mug/I.)

Jan-95

Feb-95
Mar-95

Apr-95
May-95

Jun-95
Jul-95

A•g-95

Sep.95
O•-95
Nov-95

DCC-95
J1.".9
Feb-96

Mat-96
Apr-96

May-96

Jul-h6
Jul-96

Aug-96

Sep-96

Oct-
9
6

Nov-96

Dec-96

Jarr-97

Feb-97
Mat-97
Apr-97

May-97

JIun-97
Jul-97

Arrg-97
Sep-97

Oclt 97

Nov-97

I)ec-97

j-anr-91

I-0r-91l
Mar-98

Apr-98

May .9m

Jrllr-tY

J1l.98
Aug-98

S.p-98
Ocr-98
Nov-98

Dec-98
Jan-99
Feb-99
Mar-99
Apt-99

0.4 41.035 06 W0Il 01063 (05 .0 0.005 0.01

0.92 00713 0.059 0.01

5.48415 0.39485

10.4607 0.3241 1.40178

0.25 0.510o5 0.019 0.19895

0.5 0.27855 0.019 0.4

0.25 1,2705 0,2457 0.184 0.25

0.250.25 1.1493 0.1722 0.4

2.915 0.26 (U.93

4.2260 11I 0.3422 I IJ 1.1847 1IJ

12,5405 1 0.200.1 J 0(-011 I

9.2133 0.4174 0.9230

4.0345 J 0.2043 0.43 I

2.2130 J 0.2451 1.1292

0.25

0.250 Ili

0.500J

0.5

0.25

0.25

0.229 0.004 0.00

0.2 0.004 0.084

0.1959 0.004 0.08

00643 0.0433 0.08

0.05

0.05

2.41 0.152.1 0.25

2.8837 0 2132 0.268

0.05 1.5004 0.081 0.129

0.05 ... . ..

0.125

0.125

0.0133

0.25

0.125

0.49 0.02

0,4-045 0.03247 0.0311b

0.47785 0.0277) 0.04386

0.599 0.03

1.007 0.035

0.04 0004

0.971 0.03

0 (12

0.05

0.025

It ((((4

0 004

0009

1.6164 0 1961) 04

0.075l (.004 0.08

0.1538 1 0,004 0.00

0.05 (0631 0.1402 01412

0 .0 5 .... .. ..
-- (.0506 J 0.1341 0.2

1.221 111 0.043

0.125 - -

mg/l. - milligrams per liter
I - es1inlated valte

• - no data for Ihis stmplittg period

II - sample exceeded holding (jtoe

T33357- 1515991MD
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Tblie 2-I. Su~mrrmrary oif I Ira numirr (ccurrialre hiu INlo nioring Wv IlIs
Nucleaur Foci Scvices. Inc. kiwi,. in,, Tenessrt

WVell I It, B

Wrt PCE TE l.2-lICh Vie, i chl,,ritle
NI-sonrerl I omg/i .) i~I i1g.'i. (n%,' *1.

9NVOl 117A
PLCE TC ,2-I)CE Vinyl chloride PCE TC E

WVell lI?B

I,2-DC(E Vinyl chloride

(nmg/.) (nig/t.)

W01l 119A ______

P(E TWE 1,2-1)CE \'inyl chloride

(ig/1.) (nig;I .) (nighl (org/I)

Jan,),i

Fel,-'5

Apr-95

May-95

Jo.195

A,qg;lf,
Sep-'lS

Nov-95

JDo,-9.1
iou-96

Apr -96
Nlay-96

I10i 96

Aug-l9r

Sep-96

N., -96,

D",.96

Ap-9?

MA.Y-97

A,,Ve97

Sep-97

(
4
v1-97

No,, -97
lc -97

K~r-98

N)-9h1

A,,g.148

Sep-98

Al',-99

Apr-9IO

2.4 .91 J 0i05

2. 7h05h 0 14235 01.22125 o1.125

2.0697 0 1 0t05 01.201122 L0.ii33

1.823 11.1j,16 0.017ll

0.14U79 i.01557 7o.11289

9.209195 0.01 8(015 (U W.02 5

W227 0.112

0.161 0.007

0.127 0,005

0.253 0.01

0.3 0.013

0,012

0.025

W025

0.004

0.004

0.004

0.004

0.5 00(1.

0147335 0.043M 1 0.03137

0.05

0.05

2.78) (1.097

2.595 11 )01.97

2.992 0.096

2.763 0.092

0.019

0022

0.026

0.023

0.384 00213

0.51!t 0.025

0,462 012.

0.53 0.022

.459 00023

0.004

0.1104

0.004

0.004
0.004

0.13 .01 11

0.081215 0.01h645 0.011955

0.1212 0,01892 1) 12702 1

.0144 J 0.010

0,004 .OJ1

0.004 U.mU.1

U.199 0.007

0.146 0.0 1 1

( 1023

(1 1142

0 004

P tUI2

0 004

lU4

(} O111

ing/I. - m~illigramso per liter
j estiimated vaiue

.- or( dita f,,f 1his s,,,,li,,g pciiwd

II - saimple eceeded IlIdiltg time

I 447!,) 0509 III)
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Table 2-1. Sjun ai ary of UI rA iaitoum Occorruirce iii N uonilorinrg "Wcllb
Nkiclear NOe Services, Inc. iEmin. Tennessee

Well I 2.A

Wite PCE TCE 1,2-DCE Vinyl chloride
Measured (og/I.) (rug/L.) (mg/h.) (mg/I.)

\VOll I 2018

PCE TCE 1,2-DCE Vinylchloride
rmg/l.) rmg/I.) (nig/.) (rag/L.)

Well 121A
PCE TCE 1,2-DCE

lttg/l.) (mgf/.) (mg/l.)
Vinyl chloride

(mg/I.)

Well 121 B
PCE TCE 1,2-DCE Vinyl chloride

(mg/L) (mg/L) (mg/I.) (mg/L)

Jan-95 .... ....... ...

IVcb-95
M ar-95 ... .....

Apr-95 .. ... ...

M ay-95 -. ...........

Jun-95 - ... ..........

Jul-95 -. . ... . ...... ..

Aug.95 -.. ...

Sep-95 .... .

(et-I)5 ....
Nov.-95 ...

I)ec-95 *.... ... .......

Feb-96

Mar-96
Apr-96

May-96

Jun-96

Jul-
9
6

Aug-96
Sep-96

Oct-96
No,-96
Dec-96

Jan-
9
7

Feb-97

Mar-97

Apr-97

May-97

Jun-97

Jul-97

Aug-97

Sep-97

Oct-97

No,-97

Dec-97

Jan-98
Feb-98

Mar-98
Apt-98

May-98
Jun-98

Jul-9
8

Aug-98

Sep-98
Oct-98

Nov-98

Dec-98

Jan-99

Feb-99
Mar-99

Apr-99

0.29 0.016 --

0.17489 0.02765 0.01858

0,29965 0.02282 0.03237

W.203 0.014

0.001 0.46 .0181 0.001 0.062 0.005 J --- 0.001 0.097 ,005 1 -- 0001

0.05 0.29738 0.02575 0.022445 0.025 0.097752 0.006847 0.005431 UJ 0.005

0.025

0.004

0.25482 0,02176 0.03602

0.364 0.024

0.025 0.08803 0.01381 -- 0,025

0.091697 0.006752 0.004536 UJ 0.005

0.07986 0.01426 0.02676 J 0.025

0.069 0.005 --.. 0.0040.004 0.079 0.005 -- 0.004

0.284 0.018

0.279 0.015

0,229 0.013

0.209 0.011

0.004 .386 B 0.023

0.004

0.004

0.004

0.309 0.019

0.2 0.012

0.351 0.018

0.004

0.004

0,004

0.004

ntg/l, - nrilligraoms per liter

I - estimated value
..... no data lIr this sampling periud

II - sample exceeded holding timte
Bi - detected in the blank at similar concentratiuns ur activilicS

Il - value less than the minimal detectable concentation
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Table 2-2. Summary for Groundwater Biogeochiemical Data
NuIclCar ultld ServiceCS, Inc. Erwin, Tennessee

Monitoring Well

Well 107A Well 103A Well 116A Well 118A Well 120A Well 121A
(background)

Volatiles (mi/L)
T"ctrachhoroethenc < 0 004 3,186 0.710 (0.008 0.250 0(090

lrichholoctlthec < 0.004 0. 198 < 0.050 0.007 < 0.025 < 0.005

1,2 Dichlorocthene (cis) < 0.004 0.278 < 0.050 0.006 < 0.025 < 0.005

1,2 Dichloroethene (trans) < 0.004 < 0.004 < 0.050 < 0.001 < 0.025 < 0.005

Vinyl Chloride < 0.004 0.043 < 0.050 < 0.001 < 0.025 < 0,005
Benzene < 0.004 < 0.004 < 0.050 < 0.001 < 0.025 < 0.005

Toluene < 0.004 0.005 < 0.050 < 0.001 < 0.025 < 0.005

Ethylbenzene < 0.004 < 0.004 < 0.050 < 0.001 < 0.025 < 0.005

Xylenes < 0.004 < 0.004 < 0.050 < 0.001 < 0.025 < 0.005

1,1,1 Trichhloethane < 0.004 1.004 < 0.050 <0.001 < 0.025 < 0.005

I 1 Dichioroethene < 0.004 2.004 < 0.050 < 0.001 < 0.025 < 0.005

CIhIIoroetlLile 0.020 0.020 < 0.050 < 0.001 < 0.025 < 0.005

Miscellaneous (mU/L)
Nitrate 3.65 0,347 3.55 4.63 9.18 5.93

Iron < 0. 10 0.930 < 0.10 0.275 0.212 < 0.10

Sulfite 2.0 16.6 52.0 68.4 17.3 15.2

Suilfide < 1.0 < 1.0 < 1.0 < 1.0 < 1.0 <1.0

Methane 0.00856 no data 0.005006 0.003403 0.000376 0.000371

Chloride 10.5 -42.6 I11.9 21.9 8.94 8.16

Field P~arameters
Dissolved O)xygCle 5.17 3.38 2.01 0.25 2.12 0.-45

lempcrature ("C ) 17.91 15.91 16.09 16.8 15.09 13.8o

1)I 4.21 6.44 722 6.99 7.51 7.9

Specilic Conductivity (inmho) 80 374 487 650 294 244

mgil. - milligrams per liter
'C - degrees centigrade

nIhlll )O - r.ict nmhlos

T33358 xls -719/99 MD
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Table 2 - 3. Summarization of Potential Exposure Pathways

Plplain Poebly

Eps.ed.

I Complete
1: Pathway.
F . 1, . .7 :,.:

-xour
Current Land Use

Residents Ingestion of groundwater from water suJpply wells. No Land zoned industrial. NA
D)ermal contact and inhalation of groundwater during No domestic or other wells downgradient.
home use. Drinking water is provided municipal water system

Indusirial Workers UItilizing groundwater ['or (dinking and gencral No All local indtustrics are prcsently using municipal water NA-
industrial purposes. system.

Utilizing groundwater for process cooling water No Groundwater is not used; system is closed - non NA
systems. contact.

Recreational IUsers Ingestion of water from swimming. Yes Excluded because water analytical results are below Surface water data
Dermal exposure from vwater activities, the State of Tennessee Water Quality Standards (1995).
Ingestion of contaminated fish.

Future Land Use

Residents Ingestion of groundwater front water supply wells. No Land zoned industrial and anticipated to remain NA
Dermal contact and inhalation of groundwater during industrial.
home use. Municipal water system is available tbr new residents.

Industrial Workers Utilizing groundwater for drinking and general No Municipal water system is used by industries and is NA

industrial purposes. anticipated to remain abundant and cost effective.

I Itilizing groundwater for process cooling water No Groundwater is not expected to be used; system is NA

systems. closed - non contact.

Recreational Users Ingestion of water from swimming. Yes Excluded because water analytical results are below Surface water dala

Dermal exposure from water activities, the State of Tennessee Water Quality Standards (1995).
Ingestion of contaminated fish.

Construction Workers D)ermal and inhalation exposure from construction Yes Construction of buildings on-site and off-site in O.n-site and off-sitc
activities below the groundwater surface industrial park could occur in the ftture. monitoring well data
(e.g. placement of footers).

ARCADIS GERAGHTY&MILLERD33565 CDR 05AUG99I B



Table 2-4. Risk Assessment Constituents of Concern and Risk Assessment Remedial Goal Options

Nuclear F'uel Services, Inc. Erwin, Tennessee

Arithmetic Mean Remedial Goal Options RCRA

Concentration (rng/L) Carcinogen Noncarcinogen Action

Constituent of iLevel

Concern On-Site Off-Site IE-6 IE-5 IE-4 0.1 1 3 (ng/L)

Volatile Organics
1.2-DCE (total) 0.405 NA NA NA NA 0.32 3.2 9.6 0.07

1,2-DCE (cis) NA 0.025 NA NA NA 3.67 36.7 106.7 0.07
1,2-DCE (trans) NA < 0.015 NA NA NA 7.11 71.1 231.4 0.1
PCE 1.72 0.508 2.37 23.7 237 3.14 31.4 94.4 0.005
TCE 0.062 0.025 3.89 38.9 389 0.21 2.1 6.3 0.005
Vinyl chloride 0.118 < 0.015 0.076 0.76 7.6 NA NA NA 0.002

Semnivolatiles
TBP 21.24 NA NA NA NA 10.1 101 302.8 0.2

RG() = ""x 1W x AT \ 365 OR TIR x IW x Al x 365

1:1li l x 1:1 x (S i x K x lR) - (SI:d x SA x PC(x ('j:)j lUFxl.x E I x (I /RII)i K x IR) i l/R1I)d xSA \ I'('x (I

TR target risk (I E6-3) Carcinoken

BW body weighlt (70 kg) SFi inhalation slope factor (chemical specific)

EF - exposure frequenc5' (73 day/yr) SFd - dermal slope factor (chemical specific)

ED ý exposure duration (I yr) AT = averaging time (70 yr)

ET= exposure time (0.76 hr/day)

K = volatilization factor (chemical specific) Noncarcinogen

IR inhalation rate (2.5 n13/hI") RfDi - inhalation reference dose (chemical specific)

SA exposed surface area (3565 cm 2) RfDd - dermal reference dose (chenical specific)

PC :permneability constant (chetnical specific) AT = averaging time (1 yr)

CF = conversion factor (IL/1000 cm 3)

NOTE: Groundwater exposure scenario only.

REFERENCE: Groundwater Risk Assessment, Nuclear Fuel Services, Inc., June 1997 (j'able 6-1)

T33362 MIs 7V9199 MD
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Table 3-1. Federal and State of Tennessee Applicable Requirements
NFS, Inc. Erwin, Tennessee

Plage I ),1 5

Chemical-SDecifiC .. " " ..

Requirement Requirement Synopsis -. JII4•gl j f.r Ofw 411F
Groundwater

Safe Drinking Water Act (SI)WA) - Maximum MCLs have been promulgated for a number of Bedrock~aquifer may be a potential source of
Contaminant Levels (MCLs) (40 Code of Federal common organic and inorganic contaminants, drinking water. MCI.s should be used to assess
Regulations (CFR) 141.11 - 141 -. 16) These are legally enforceable levels that regulate the potential risks to human health due to

the concentration of contaminants in public consumption of groundwater. Contaminant
drinking water supplies, but may also be concentrations should be compared to their
considered relevant and appropriate for respective MCLs, if available.
groundwater aquifers used for drinking water or
potential sdurces of drinking waler.

SIWA - Maximum Contaminant Level Goals MCI.Gs are health-based criteria for a number The 1990 NCP states the non-zero MCI .Gs are
(MCLGs) (40 CFR 14 1.50 - 141.52) of organic and inorganic contain inants in to be used as goals. Contaminant

drinking water sources. MCLGs are used in concentrations in groundwater should be
cases in which multiple contaminants or compared to their respective MCI.Gs, if
pathways of exposure present extraordinary available.
risks to human health.

"l'enicssee State l)rinking Water Rules - MCl.s, Tennessee state regulation that establishes See SDWA MCI.s, same consideration.
Chapter 1200-5- 1-.06, 12, 25 primary and secondary drinking water

standards.

Tennessee Hazardous Waste Management Act - Establishes standards for management of Should any soil or groundwater be found to be
Hlazardous Waste Management Rules, hazardous waste. characteristically hazardous, or a listed
Chapter 1200-1-1 l-.06(6)(a) hazardous waste, those slandards could apply

during investigation and remediation (only to
"RCRA-hazardous" waste streams).
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Table 3-1. Federal and State of Tennessee Applicable Requirements
NFS, Inc. Erwin, Tennessee

Pagc 2 )15

National Emissions Standards for I lazardous Air
Pollutants (NESHAPs) (40 CFR Part 71 )

Standards promulgated under the Clean Air Act
(CAA) for significant sources of vinyl chloride,
benzene, asbestos, wet dust particulates, etc.
These standards are also for sources that have
the potential to emit 10 tons/year ofany single
hazardous air pollutant or 25 tons of all
pollutants/year.

Remedial actions (e.g., air stripping) may result
in release of hazardous air pollutants.

I. t

National Pollutant Discharge Elimination System Standards
(NPDES) discharges to surface water discharges

untreated g

PRequirement _________

OSHA Requirements Regulation

(29 CFR 1910, 1926, and 1904) health req,

for both on-site and off-site
to surface water of treated or
groundwater.

Applicable in developing reinediation goals for
groundwater discharged to surface water (i.e.,
streams).

s provide occupational safety and
irements applicable to workers
on-site field activities.

Required for site workers during construction
and operation of remedial activities.

Cne'as, "u

DOT Rules for Hazardous Materials Transport Regulates the transport of hazardous waste Remedial actions may include off-site
(49 CFR 107, 171.1-500) materials including packaging, shipping, and treatment and disposal (e.g., off-site

placarding. regeneration of activated carbon).

1'33376.doc - 07/28/99 bf ARCADIS GERAGHTY&MILLER



Table 3-1. Federal and State of Tennessee Applicable Requirements
NFS, Inc. Erwin, Tennessee

Pagc .A ,,15

AcfionSreil &ARARsý

Underground Injection Control (UIC) Regulations promulgated under the Safe Effluent from treatment of on-site groundwater
Program (40 CFR 144, 146) Drinking Water Act, which ensure that may be reinjected (Class IV well) into the same

operation of the underground injections will not formation from which it was withdrawn.
endanger drinking water sources. Regulations
include construction, operation, and
maintenance requirements for injection wells.
Typically, two types of wells apply to site
remediation:
Class I Well: Injection of wastes (or treated

groundwater) beneath the
lowermost formation
containing an underground
drinking water source.

Class IV Well: Injection of wastes (or treated
groundwater) into or above an
underground drinking water
source. Note that injections of
untreated groundwater into a
Class IV well is banned.

Clean Air Act, as amended
(42 U.S.C. 7401 et seq.)

NESI lAPs Provides a national frame work for controlling Remedial actions (e.g., air stripping) may result
air pollution which regulates any activities that in release of hazardous air pollutants.

(40 CR 61 ) affect air quality.
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Table 3-1. Federal and State of Tennessee Applicable Requirements
NFS, Inc. Erwvin, Tennessee

Page I ,,15

Action-Specific ARAý s " . '

RquiteMýpt ]Reqim4 SY9qpis frhie

Solid Waste Disposal Act as amended by the Establish the basic frame work for Federal
RCRA (42 U.S.C. 6901 et seq.) regulation of solid waste.

Treatment, Storage, and Disposal of Regulates the treatment, storage, and disposal of Hazardous waste generated by site remediation
I lazardous Waste (40 CFR 262-266) hazardous waste. activities must meet RCRA generator and

treatment, storage, or disposal requirements.

Treated groundwater from site may be
Land Disposal Restrictions (LDRs) Restricts certain listed or characteristic reinjected into a Class IV well. Wastes or
(40 CFR 268) hazardous waste from placement or disposal on treatment residuals such as spent activated

land (includes injections wells) without carbon may require disposal in a landfill.
treatment. Provides treatment standards and Likewise, precipitated sludge may leach toxic
Best Demonstrated Available Technology metals at levels considered hazardous by
(BDAT). characteristic.

RCRA Identification and Listing of Hazardous Regulations concerning detenrination of Impacted groundwater and soil could
Waste (40 CFR 261) whether or not a waste is hazardous based on potentially be RCRA hazardous wastes by

characteristic or listing, either containing a RCRA-listed waste or
exhibiting any RCRA characteristics.

EPA Administered Pennit Programs: Regulations cover basic RCRA permitting Effluent firom treatment of site groundwater
The I lazardous Waste Permit Program requirements, such as application requirements, may be discharged to a sanitary sewer directed
(40 CFR 270) standard permit conditions, and monitoring and to the local Publicly Owned Treatment Works

reporting requirements. Subpart F includes the (POTW).
"Permits By Rule" criteria.

I :3 . 70.doc - (17/28/99 hi ARCADIS GERAGHTY&MILLER



Table 3-1. Federal and State of Tennessee Applicable Requirements
NFS, Inc. Ervin, Tennessee

lPagc D d 5

Action-Specific ARARs .

Requirement Requirement Synopsis p!i•qgj9 four te SjCe

Sat'e Drinking Water Act
(42 U.S.C. 300fet seq.)

Ensures that operations of the underground Effluent F0om treatment of groundwater forom
Underground Injection Control Program injections will not endanger drinking water site may be reinjected into thie same flormation
(40 CFR 144, 147) sources by violating MCLs or by adversely (Class IV well) from which it was withdrawn.

affecting health. Injection of hazardous fluids
into Class IV wells is banned.

F'ederal Water Pollution Control Act, as amended Creates the basic national fiamework for water
by the CWA of 1997 pollution control and water-quality management
(33 U.S.C. 1251 et seq.) in the United States.

National Pollutant Discharge Elimination Requires permits for the discharge of pollutants Effluent from treatment of groundwater may bc
System (NPDES) Requirements (40 CFR 122) fiom any point source into the waters of.the discharged to storn water or sewage collection

Uinited States. systems, permitted outfalls such as GWTF.

Effluent fiom treatment of groundwater from
(icneral Pretrcatment Regulations for Existing Includes positions for effluent discharge to site may be discharged to a sanitary sewer
and New Sources of Pollutants (40 C'FR 403) POTW. Discharge of pollutants that pass directed to the local POTW.

through or interfere with the POTW,
contaminate sludge, or endanger health/sal'ety of
POTW workers is prohibited.
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Table 3-2. SWMU 20 Groundwater Preliminary Remediation Goals
Nuclear Fuel Services. Inc. Erwin, Tennessee

MCL or Risk-Based Background Groundwater
Constituent MCLG (a) Concentration (b) Concentration (c) PRG (d)

of Concern (mrgL) tmg/L) (mg/L) kmg/L)

Organics

1,2-DCE (total) 0.07 3.2 NA 0.07

1,2-DCE (cis) 0.07 36.7 NA 0.07

1,2-DCE (trans) 0.1 71.1 NA 0.1

PCE 0.005 2.37 NA 0.005

TCE 0.005 3.89 NA 0.005

Vinyl chloride 0.002 0.076 NA 0.002

Tributyl phosphate 0.2 101 NA 0.2

Radionuclides

Uranium (piC/L) 30 (e) NA unknown 30

MCL - Maximum Contaminant Level

MCLG - Maximum Contaminant Level Goals

NA - Not Applicable

PRG - Preliminary Remediation Goal
mg/L - milligrams per liter

piC/L - picocuries per liter

(a) MCLs and MCLGs are based on Drinking Water Regulations and Health Advisories (Office of Water.

USEPA. October 1996)

(b) For carcinogens, the risk-based goal corresponds to a 10"' incremental cancer risk for each constituent.
For non-carcinogens, the risk-based goal corresponds to a Hazard Quotient of 1.0 for each constituent.

(c) Background concentrations for organic constituents is zero.
(d) Hierarchy for groundwater PRGs: If a primary MCL or MCLG is available, it is used as the PRG.

If an MCL or MCLG is not available, the risk-based goal is used as the PRG.

(e) Proposed MCL

T33364.xls - 7/9199 MO
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Table 3-3. Comparison of SWMU 20 Groundwater Data
to Preliminary Remediation Goals

Nuclear Fuel Services. Inc. ErwVA Tennessee

Max Monitoring Well
Constituent Groundwater Detected with Maximum
of Concern PRG Concentration (a) Detection Exceeding

(mg/L) (mg/L) PRG

Organics

1.2-DCE (total) 0.07 2 108A

1,2-DCE (cis) 0.07 2 108A

L.2-DCE (trans) 0.1 2 108A

PCE 0.005 13.89 108A

TCE 0.005 0.427 103A

Vinyl chloride 0.002 1.25 108A

Tribuvtl phosphate 0.2 21.24 (b) Unknown

Radionucleides

Uranium (piC/L) 30 (c) 622.47 108A

PRG - Preliminary Remediation Goal
piC/L - pico curies per liter
mg/L - milligrams per liter
(a) Jan 99 Monitoring Data
(b) Groundwater Risk Assessment (NFS 1997)
(c) proposed MCL
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Table 5-1. Preliminary Screening of Remedial Technologies and Process Options
NFS. Inc. Erwin, Tennessee

General Remedial Process Option Description General 'ont..t 4 .'ed/ "
Response Technology Type .... U ': •

Action

No Action None None Processes such as dilution, dispersion, biodegradation, All contaminants Retained Remedial action
radioacdii'e decay, or volatilizalion may naturally reduce objectives do not alh)m
the concentrations otfsonme contamn inants in some mnedia. continued migration I1

plume off NI:S.
However, retained ft1
baseline comparison

Minimal Administrative Physical Barriers Fences, signs, or other barriers are used to limit site access. All contaminants Retained
Action Controls

Covenants/ Deed Codes, deeds, or zoning are used to restricts certain land All contaminants Retained
Restrictions - uses.
Industrial Industrial policies and procedures (e.g., training, standard All contaminants Retained
Reqtuirements operating procedures, badges, guards) control employee

acccss.

Maintenance and Surveillance and Inspections of facilities and performance of preventive or All contaminants Retained
Monitoring Maintenance corrective measures to ensure proper operation of

engineered controls.

Monitoring Sampling and characterization of groundwater before, All contaminants Retained
(including Monitored during, and afler remediation will verily the effectiveness
Natural At enuation) ofi rcmncdial actions.

Containment Ph) sical Barrier Subsurface/Vertical Usually used in conjunction with groundwater All contaminants Eliminated Not applicable
Barriers extraction; requires subsurface construction for varying depths

of an itmperncablc (-.I0 t cm/sec) barrier of coml)etent
composed of bentonite slurry, groul, or sheet bedrock,
piling to direct groundwater Ilow patterns industrialized area.

to a specific control point or points, and site bouilhdIary

restrictions.

'I 33im k 7 1 -l, 911' b I
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Table 5-1. Preliminary Screening of Remedial Technologies and Process Options

NIS, Inc. Erwin, Tennessee

General Remedial Process Option Description General Contanipa t and SIt•e Itained/ J 1s~ifcati~tl
Response Technology Type Applicbility f~er Eliupqpvted
Action

Containment I lydrodynamic Groundwater A plume of.inipacted groundwater can be All contaminants Retained

(Conlilt[ILied) Coo rois Extraclion ii contained or inanipulated by purnping and

I puo p and Ireal rcinjection wells (horizontal or vertical). Similar

(P&T1) to a\,taer-table adj.juslinent, cones of depression or

recharge in the waler table are developed to

modify prevailing hydraulic gradients. Tlhe

movement and size of the plome can be

manipulated by various puimping and recharge

strategies. Recovered groundwater may be

treated at the surflace and rein.jected as part

of the plumle-coitainment program.

Vacuom-Enhanced A high vacouum (20-28 inches of lIg) drawn through VOCs in groundwater and soil. Retained

Icco\cvr (VIAR) it well installcdL helow thle waler table that EIleclive it) moderate to low

Process extracts volatile contaminants in groundwater permeability formnations. Metals

via pumping while stripping VOCs from the for recovery only.

saturated and Unsaturated soils from the aq ueotus

phase into the vapor phase. Extracted

groundwater and vapor-phase treatment (e.g.,

granular activated carbon) or other treatment

systems can be included aboveground.

I lydraulic Fracturing Used in conjunction wilh anolher contaminant V( KCs in soil or water Eliminated tUsually applied

recover)y teclnolog) (i.e., VI'R process) or to soils attd

in-situl techiiology (vapor extraction). Irac•tirinig menmt OSOlididted

cniplaces propped horizontal fractures on vertical sedinient. Not

spacings of approx. one tieter. lFractures increase applicable to

containinitt movemttent and/or can serve as large industializCd

conduits fur delivery of pressurized hot air or area.

slean.
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Table 5-1. Preliminary Screening of Remedial Technologies and Process Options
NFS. Inc. Erwin. Tennessee

General Remedial Process Option Description General ContaMi;nt a49d Site Rft Ined/ Justification
Response Technology Type Applicability f 'p p •r:indva"cr 1i l 0 "tcq

Action

In-Situ Physical/Chemical Permeable A trench filled vith appropriate reactive or sorbant All contaminants (with Eliminated Site infrastructure

Treatment Treatment " eactionr Walls/ material (e.g., granular activated carbon, ion appropriate material) in shallow makes implementaitii

Reactive Gates exchange resio, or iron filings) can remove substiirfacc i\aler. 1110 casiblc.

contaminants from groundwater flowing through

the barrier. Process option can include I)NAN,+

sorbants in trench. Can also be combined with

subsurface vertical barriers.

Air Sparging Injecting air into groundwater to enhance volatilization. VOCs in groundwater. Eliminated Number of wells

Coupled with collection and treatment of gases and required and capture ,I

condensate. volatilized COCs %k ihij,

low permeability
overburden soil anid

bedrock is itfeasi~lc.

Vertical Circulation Wells with screens near the bottom and top of a VOCs, nitrate, NAPI.s, possibly Eliminated Large number of

Systems single aquifer can be operated to circulate water oilier organic or inorganic wells required

(In-Well Stripping) vertically in the aqu iter and treat water within the c antminants in groundwater within i area of

well, and proitmote acrobic tonditions within the within the radius Of infIluclnce of' concern, low

aquiltr. Air-liIt pminiping and air stripping using a the circulation well. peleicahiliiy

bhlower and/or submersible pump can draw water soils, depetide)mie

into the well, and strip VOCs from the water as air oii desorption,

bubbles rise through the water coluntn. Nutrients, isng-term costs,

oxygen, eleictron acceptors, and other soluble and low

reagents cart be added through the well to the effective'ncss

gro•nd\\ ater within the aquilfr to ei1haniitce ill bedr'Ock

bioreniediation or oilier in-situ treatment. Filters. render

bioreactors, catalysts, or other devices cati also be process option

placed in the well for sorption or degradation infeasible.

of contamninantis.

I I I it++, :'kh 7 1" '1 ' - ,l"
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Table 5-1. Preliminary Screening of Remedial Technologies and Process Options
NFS, Inc. Erwin, Tennessee

General Remedial Process Option Description General ..... ontj'p IJ. Site, R¢1ped/ Justiflcatloq
Response Technology Type p lilyar wte . .

Action

In-Situ Physical/Chemnical Mobile Enhanced Employment of high vacuum and flow rates to. wells to VOCs Eliminated Same as In-Well

Treatment Treatment Multiphase simultaneously remove both aqueous and vapor-phase Stripping

(continued) (continued) E.xtraction ( MEME) constituents. Treatments are periodic with a mobile

treatment unit.

Oxidation Introduction of an oxidant, such as hydrogen peroxide VOCs and certain SVOCs. Retained

(11202), into the subsurface within impacted groundwater. Certain compounds can inhibit

Resulting hydroxl radicals (01 I-), a strong chem ical process,

oxidizer, creates instantaneous oxidation of VOCs.

Reductive Injection of organic or metal reagents to facilitate rapid and VOCs, metals Retained

Precipilation sequential reductive dechlorination and/or precipitation.

IBiological Plhytoremediation Continuous passive treatment by use ol vegetation to act as VOCs and certain SVOCs. Eliminated Area olfconcern paved
a pump for ground~vater extraction and biological Cerlain compounds can inhibil with high traffic;

treatment. Also limits recharge via surface irnfltration. process. Certain metals can be (iroundwvater cxtiaci•mi,
bioaccnmulated. at mna\xiinuin moot dCptl

is not cfleclive.

Enhanced Bacteria/Algae (stimulation) are used for in-situ Vo(s, metals Retained Aerobic processes

Biornmemedialion conversion of com pounds and/or imnmobilize thc (Anaerobic are inelliective

(Aerobic and contaminant eilher aerobically through addition oif only) oni site chlorinated

Anaerobic) 02 through biosparging. oxygen iclease comnpoumd Vt )('s and itlclals.

(ORC), or anaerobically through substrate

addition to promote reductive dechlorinalion.

Ex-Situ Water Chemical Contaminants are either destroyed or converted to more VOCs, metals Retained

I reatnoclit Ilhysical/Chtenical RedUctiolt )xidation easily handled form b) addition ofoxidalion agents (ex.

Ireattuent (used in I lydrogen peroxide. ozone, etc.), (IV light, Ti02 catalyst,

conjunction with or reducing agents (cx. ferTous sullatc, sl fillr dioxide).

P&T or VEI)

1 1.1 It,(, 1, 1 2h ".) 1.1
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Table i-I. Prl'iminaiiry 'Screening of* Rem~edial Techniologies and Process Options

General Remedial Process Option Description General Contamninant and Site Retainctl/ ,Iustificaition

Response Trechnology Type Applicability for Groundwater Eliminated
Action
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Table 5-I. PIreliminary Screening of Remedial 'Technologies and Process Options
N IS. Inc. Erwin, lennesscc

General Remedial Process Option Description General Contaminant anj Site Retaincd/ Justification
Response Technology Type Applicability for Groundwater Elipinated
Action

Lx -Situ Water Biological Anaerobic Anaerobic biological wastewatcr Ireatinent VOCs l'lin inated t Insuitable ftr
Tic;a.nillt (continuCd) ,iological processes employ micrloorganismus. principally expectcd h w-lolw

(Cont'inted) lrealttlnl bucteria, thlat can use \\astewatcr contaminailts recovCery, th-e low

as part of their mnetabolism. The contaminants are Concen1ra111 olf
thereby rcnoved fron1 tIc \w'astewater or coliltllillalits.

transtl')rnJCIt iinto a benIiigi Irni. ]'he primary slartup tiWmC: a•id
nmechanisin of renova] is oxidationi with methane required

as the carbon source to promote dechlorination, delention t6i1C."

Air Treatment Biotiltration Microorganisms grow on materials such as soil, VOCs Edliminated UInsuitable for (lie

(retl'd for phase compost, peal, hcalher, activated carbon, or eXpected low

lranslr trealment polystyrene. VOC-laden air stream is transported recovery rates, l1C

process options) to biofilter bed where the microorganisms oxidize concentration 1ol

theln to Cl'rblll dioXidC, water, altd clhlridcS. Coltlaliinants.

lPretreatninet tl (dCdstiltg. cooling, and slarlup ltite: aid
hi11 difhcalion) ot'lhc V()C air streamn is usUaIly reqlLIred leiclt io)n

requiircd. linecs.

Vapor Phase Most cotimnit VOC abatement. Gascous VOC V( )Ws Retained

Adsorption molecules cootlact tle granular activated carbon

((iAC) or ollier adsorbcnt and bond via weak

internmolecular forces. Sensitive to telniperature

clhanges theCre rC,. IeCli rinig 310iSt Ure knockout

systetns and in-line healers. Spent adsorbent

must bc periodicall) rcpilaccd or rcgenerated.

I.01gevit 01:idslirptioti higlhl) dCpCndenl

oil VO(" itllhlcit conccntlrations.

I ý I 1... 'I' ! I-, '", 1.
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Table 5-1. lIrclinlinar-y Screening of Remedial Technologies and Process Options
NFS, Inc. Erwin, Tennessee

General Remedial Process Option Description General Contaminant and Site Retained/ .Jlustification

Response Technology Type Applicability fqr I pp:§ wafer Eliminated
Action

I`x-Situ A ir "'real ment rhernial Oxxidation VOC-ladcn emissions are captured by a ventilation V()Cs Ret ained

lrealtinet (req'd Ior phase system, pre-heated. thoroughly mixed, and

(CtolitiJiLed) transfer treatilelt conibusted at high Icniperattu'c to lrini carbon

process options) dioxide and wateP. Low concentration VOC

(eontinuted) streams may not possess oxidation energy
required to maintain the combustion temperature,

and therelire, nay require supplen)lcnlal Iuel or

electrical energy. I fexhaust streams contain high
VOC concentrations, dilution air may be required

to pre\ent explosiol. Chloorinaled VOCs may
produce I II funies requiring scrubber removal

prior to discharge.
('atalytic Oxidation Similar to thermal oxidation except a catalyst, either VOCs Flimi nated I lnsu ilable ddue to-

precious or base metal, will allow oxidation to occur at a poltential presence of
lower temperature. Average catalyst lifetime is 2 to 5 rtetals %% hich may lila,l

years. Typically applied to low VOC concentration catalyst.
streatms.

Disposal On- and OflfSie Otn-Site Direct or Recovered groundwater is treated at the on-site GWTF and All contaminants Retained

Discharge Indirect Discharge to discharged to the City or[Erwin PO1W. A treatability
(iWIT study may be required to meet treatment process

efficiencies and effluent discharge requirements.

On-Site Reinjection Discharge of treated or parlially-treated groundwater via All contaminants Eliminated Unsuitable due to hio\.

wells or infiltration gallery downgradient or cross gradient soil permeahility.

of the impacted area. Reinjection rates are restricted by hydraulic comduct if ii

hydraulic conductivity. aqtui fer thickness. and available and space costraints

hydraulic gradient.

V
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Table 5-1. Preliminary Screening of Remedial Technologies and Process Options
NFS. Inc. Erwin, Tennessee

General Remedial Process Option Description General Contaminant and Site Retained/ Justification
Response Technology Type Applicability for Gro9pndwater Eliminated

Action

Disposal On- and Off-Site On-Site Direct Disposal of treated or partially-treated groundwater VOCs Eliminated I Insuilable due to

(contn tlidI) Discharge Spray Irrigatiot through sprinkling of the water over grasslands or lack of available
(continued) similar ground coci. Major conls,;lltraintS onI spraly Ottl-Sile ill igation

irrigation are climate, since water cannot be area and climate

spread/sprinkled on a frozen or water-saturated lintilalitots.
ground, and thC relatively large land area required

(i.e.. for a year-round application rate of 2-inches per
week, approximately 130 irrigated acres are required.

Off0Site Stream Off-site disposal to a tributary of Martin Creek under a All contaminants Eliminated Site GWIF incorpotail
National Pollutant Discharge E'limination System (NI)DES) discharge to Martin
permit foIlohwiing high degree of ircattent. (reck

Off-Site POTW Off-site disposal to City of Erwin1 PO1W either directly or All contaminants Retained
via the on-sile GWITI. Requires NP[DES periit and/or
effluent requirements ol POTW.

C.'()(.s - (Cotnsttlicilts ol('(,ottelrti

I)NA Pl. l+Dense Noiaquettis hLtase I iquid

( iA( -+ (iCGrantlar Activated (albont

(i "" IT Ground\\daler 1 .reatenettt Facility

I Ig Mercury

MINME '- Mibile Eminhaltced Miltiphase E'xtractiont

NA I) 1. NtnaltuctiUs Phase Liqutid

NI'[)]LS National Pollutantt D)ischarge I'lininalio

ORW O )xygen Release (Conpttund

I)0'1 W P ublicly Owned Treatment Works

P&T Piuitp and Treal

SVIE Soil Vapor Extraction
SVOCs = Semi-Volatile Organic Compounds

rC r: - richloroelhenc

INV I Ilraviolet
VIR : Vactititi Enhanced Recovery

V()( s V Volatilc Organic Compounds

I I I 1, sk '1, 7 0 , ' f
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Table 6-1. SWMU 20 Representative Process Options
Nuclear Fuel Services, Inc. Erwin, Tennessee

General Response Action Technology Type Representative Process Option

No action No action No action

Minimal action Administrative controls Fencing (I)
Deed restrictions (2)

Monitoring Surveillance and maintenance
Site monitoring (GW COCs and natural attenuation)

Containment Hydrodynamic controls Groundwater extraction (pump and treat)
VER process

Disposal On-site (groundwater) discharge Discharge to local POTW

In situ treatment Physical Reductive precipitation
Oxidation

Biological Enhanced anearobic bioremediation

[x situ water treatment Physical/Chemical Air stripping
l.iquid-phase adsorption
Chemical precipitation

Ex situ air treatment Physical/Chemical Thermal oxidation

(I) Includes N FS security requirements. GW COCs - groundwater constituents of concern

(2) Includes groundwater restrictions, if required, and N FS industrial requirements. VER - vacuum cnhanced recovery

POTW - Publicly-Owned Treatment Works

T33367.xls - 7116/99 TB
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Table 6-2. Range of Alternative Types
Nuclear Fuel Services, Inc. Erwin. Tennessee

Alternative Type

1. No Action (Baseline)

2. Containment/Limited Action - No or Minimal Treatment

3. Treatment - Addresses the Principal Threats

4. Treatment/Disposal - Eliminates or Minimizes Long-Term Management

T33368.xls - 7/9/99 MD



Table 6-3. SWMU 20 Range of Alternatives
Nuclear' Fuel Services, Inc. Erwin, Tennessee

Alternative Alternative RPOs Combined
Number Type Into Alternatives

Alternative I No action None

Alternative 2 Containment/limited action - no or ininimal treatment Deed restrictions, fencing, site monitoring

Alternative 3 Treatmient -addresses the principal threats D)ecd restrictions, tcncing, site monitoring, VER process,
air-phase thermal oxidation, air stripping,
liquid-phase adsorption, chemical precipitation,

discharge to local PO'rW.

Alternative 4 Treatment / disposal-eliminates or minimizes long-term Deed restrictions, feincing, site monitoring, VER process,

management air-phase thermal oxidation, air stripping,

liquid-phase adsorption, precipitation,
discharge to local POTW,
in-situ reductive precipitation, in-situ enhanced anaerobic bioremediation

Alternative 5 Treatment / disposal-eliminates or minimizes long-term Deed restrictions, fencing, site monitoring, VIlR process,

management in-situ reductive oxidation

Alternative 6 I reatmcnlt / disposal-climninates or mininlizes long-term Deed restrictions, fencing, site monitoring,

mnanagenment in-situ reductive precipitation, in-situ enhanced anaerobic bitwermediation

"lr3.i6;,9 \J , 79 9) 9 J I)
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Table 6-4. SWNMU 20 Alternatives for Detailed Analysis
Nuclear Fuel Services, Inc. Erwin, Tennessee

Site Specific Alternative
(Alternative Number)

RPOs Combined

Into Alternatives

R-I (Alternative I)

R-2 (Alternative 4)

No action

Deed restrictions, fencing, site monitoring, VER process,

air-phase thermal oxidation, air-stripping, chemical precipitation

liquid-phase adsorption, and discharge to local POTW.

Deed restrictions, fencing, site monitoring, in-situ oxidation.

Deed restrictions, fencing, site monitoring,
in-situ reductive precipitation, in-situ enhanced anaerobic bioremediation.

R-3 (Alternative 5)

R-4 (Alternative 6)

T33370.xls - 7/9/99 MD
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Page i of2
Table 7-1. Cost Estimate for Alternative R-2

Deed Restrictions. Fencing, Site Monitoring, VER Process. Air-Phase Thermal Oxidation,

Air Stripping, Carbon Adsorption. Precipitation. and Discharge to POTW

NFS. Inc. Erwin. Tennessee

Items No. of Units Unit Price Cost

Preliminary Engineering and Permitting
Institutional Controls/Deed Restrictions

Sampling and Analysis/O&M Plan

Air Permitting

Pilot Testing

Senior Project Staff2

Project Engineer 2

Engineer/Technician

Drafting

Clerical

Per Diem

VER Mobile Unit

Pilot Test Report

Drill and Install - 4-inch Recovery Wells

Mob/demob drilling rig and crew

Drill and install alluvium wells

Drill and install bedrock wells

$1,500

$20,000

S1.000

Subtotal: S22,500

4 hours

40 hours

100 hours

24 hours

16 hours

3 days

I event

I report

CL)

'3)

U)

"4

$127 /hour $500

$96 /hour S3.800

$80 /hour S8.000

$55 /hour $1,300

$45 /hour $700

$100 person $300

$4,000 event $4.000

$5,000 report $5.000

Subtotal: $23.600

$5.000 /LS $5.000

$3.500 /well $21.000

$7.000 /well $2 1.000

Subtotal: $47,000

I LS

6 wells.

3 wells

Construction Costs
Piping from recovery wells to treatment system

Submersible pump with controls (3 gpmiwell)

Liquid-ring vacuum pump

Guard posts

Water Treatment System

Treatment system building

Air stripper with controls (50 gpm)

Air stripper

Electrical controls

Installation

Skid mount

Chemical precipitation

Coagulation/flocculation clarifier tank (45 gpm)
Mixer with single propeller

Carbon adsorption system (50 gpm)

Piping from treatment system to POTW discharge point

Air Treatment System

Regenerative thermal oxidation unit (1.000 cim)

Remote monitoring unit

500 feet

9 pumps

I pump

40 posts

3.000 sf

a)
a)
w

.a).

$25 /ft

$1.641 /pump

$8.000 /pump

$48 /post

.w $10 /sf

I ea

I ea

I ea
I ea

a)

a)

a,

a'

I ea

I ea

0 ea
100 ft

S14.904 /ea

$5,159 /ea

S3.263 /ea

$732 /ea

S88.873 /ea

$1.387 /ea

S6.426 /ea

$25 /ft

$85.682 /ea

$3.985 /ea

$12.500

$14.800

$8,000

$ 1.900

$30.000

$14.900

$5.200

$3.300

$700

$88.900

$ 1.400

$6.400

$2.500

Iea

l ea w

S85.700

$4.000

Subtotal: 5280,200

On-Site Construction Management (15%)

Engineering Design (20%)

TOTAL CONSTRUCTION COSTS:

$56.000

$74.700

$504,000

"33371,xi - 7/12)"Q bf



ARCADIS GERAGHTY&MILLER

Page 2 ofr2
Table 7-1. Cost Estimate for Alternative R-2

Deed Restrictions. Fencing, Site Monitoring, VER Process. Air-Phase Thermal Oxidation.
Air Stripping, Carbon Adsorption. Precipitation. and Discharge to POTW

NFS. Inc. Erwin. Tennessee

Items No. of Units Unit Price Cost

Annual Operating Costs'

Existing fence inspection I year a- $500 /year $500
Maintenance of recovery wells and transport system 4 inspections 'u-) $500 /inspection $2.000
Maintenance of treatment system

Field technician 8 hriwk i $50 /hr 520.800
Electricity costs 50 Hp , $0.08 kw-hr per HIP $26.100
Chemicals/Additives

Activated carbon removal. transport. and regeneration 4 ea 'a-) $1,000 /ea $4.000
Lime addition d 80 tons u $95 /ton $7,600

Disposal
Disposal of sludge to landfill' 2.500 cy/yr c $94 /ton $233.800

Semi-annual reporting

Senior Project Staff2 8 hours '1 $127 ,hour $1.000
Project Engineer 2 60 hours ,@1 $96 /hour $5.800
Engineer/Technician 160 hours :a_) $80 /hour $12.800
Drafting 60 hours ii). S55 /hour $3.300
Clerical 40 hours ti $45 /hour $1.800

Subtotal: $319,500

O&M PRESENT WORTH: $2,430,100

Site Closure

Well/Piping Abandonment 9 wells cii $1.000 well $9.000
System Dismantling I job "i. $5,000 job $5.000
Senior Project Staff2 4 hours W, $127 /hour $500
Project Engineer 2 40 hours ,) $96 /hour $3.800
EngineeriTechnician 120 hours ,b0 $80 /hour $9,600
Clerical 24 hours a, $45 /bour $1,100

Subtotal: 529,000

Contingency (30%): 5888.900

TOTAL ALTERNATIVE COST: $3,852,000

Note: All costs rounded to the nearest S100
a - Depth ofbedrock wells is 50 feet. twice the depth of alluvium wells
b - Water treatment system is designed for maximun extraction rate of

3
2 gallons per minute

c - Estimated remedial action timefitame is 15 years
d - Addition of lime is at I Ib, 100 gallons ofinfluent groundwater
e - Sludge concentration is at 3 percent of influent groundwater
f- O&M Present Worth equals Total Annual Operating Costs x 4P/A l 10% for I5 yearsl
o - Total alternative cost accuracy t-50 percent to -30 percent )

(U.S. Environmental Protectton Agency 1988al.

,firn - cubic feet per minute
cv - cubic yards
It - feet

gpm - gallons per minute

Ib- pound
O&M - operaton and maintenance

POTW - publicly-owned treatment works
sf- square feet

T33371 .s1 - 712/99 bf
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Table 7-2. Cost Estimate for Alternative R-3

Deed Restrictions. Fencing, Site Monitoring,

and In Situ Oxidation

NFS. Inc. Erwin. Tennessee

Items/Staff No. of Units Unit Price Cost

Preliminary Engineering and Permitting

Institutional Controls/Deed Restrictions

Sampling and AnalysisiO&M Plan

Groundwater Injection Permit

Pilot Testing

Senior Project Staff2

Project Engineer 2

Engineer/Technician

Drafting

Clerical

Mob/demob drilling rig and crew

Drill and install - 4-inch" Injection Well

Per Diem

Reagent injection

Bench Scale Uranium Precip

Analytical

Pilot rest Report

Drill and Install - 4-inch Injection Wells

Mobidemob drilling rig and crew

Drill and install source area injection wells

Drill and install boundary injection wells

Guard posts

Construction Cost for In Situ Oxidation System

Reagent feed system

Tank with mixer

Piping from tank to boundary injection wells

Valves for boundary wells

Treatment system building

Electrical controls for reagent feed system

Subtotal:

4 hours

40 hours

120 hours

24 hours

24 hours

I LS

35 ft

10 days

2 events

I event

2 events

I report

,c3~

cv.

$127 /hour
$96 /hour

$80 /hour

$55 /hour

$45 /hour

55.000 /LS

$130 ft

$100 person

55.000 event

$8.000 event

$3.000 event

$3.000 report

Subtotal:

S1,500
$20,000

$1,000

$22.500

$500

$3,800

$9.600

$1,300

$1,100

$5,000

$4.600

$1.000

$10.000

$8.000

$6.000

$3.000

$53,900

I LS
3 wells

14 wells

72 posts

cc,

cJ~

~ccj

$5.000 /LS
S6.000 /weil

S7.500 /well

$48 /post

$5,000
$18.000

$105.000

$3.400

Subtotal: S131,400

I system

I tank

350 ft

14 valves

2.000 stf

I system

0,

'0,

.cc,

cm.

ci'

55.000 /system

S3.482 /tank

$50 /ft

$250 /valve

$10 /sf

$15.000 /system

Subtotal:

$5.000
$3,500

$17.500

$3.500

$20.000

$15.000

$64,500

On-Site Construction Management (15%):
Engineering Design (20%):

TOTAL CONSTRUCTION COST:

$40.800
$54,500

$367,600

T33372.xis - 7112199 bf
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Table 7-2. Cost Estimate for Alternative R-3

Deed Restrictions. Fencing, Site Monitoring,

and In Situ Oxidation

NFS. Inc. Erwin. Tennessee

Items/Staff No. of Units Unit Price Cost

Annual Source Area Operations and Maintenance Costs

Monthly injections 12 ea

Annual Boundary Operations and Maintenance Costs'

System maintenance by field technician 8 hr/wk

Reagent 5.000 gal

Electrical costs 10 HP

Si S10.000 ea $120.000

Subtotal: $120.000

(I,/

$50 /wk
$4 /gal

$0.08 kw-hr per HP

Subtotal:

$20.800
$17.500

- $5.200

$43,500

Annual Maintenance and Reporting Costs'

Existing fence inspection

Semi-anpual reporting

Senior Project StafT2

Project Engineer 2

Engineer/Technician

Drafting

Clerical

$500

8 hours

60 hours

160 hours

60 hours

40 hours

'I,

.c1,

a;

it,

'U

$127 /hour $1.000

$96 i/our $5.800

$80 jhour $12.800

$55 !hour S3.300

$45 ,hour $1.800

Subtotal: S25.200

O&M PRESENT WORTH: S369,500 '

Site Closure
Well/Piping Abandonment

System Dismantling

Senior Project Staff 2

Project Engineer 2

Engineer/Technician

Clerical "

18 wells
I job

4 hours

40 hours

200 hours

24 hours

a,
(1/

'I)

*1~)

a;

$1.000 well
$5.000 job

$127 /hour

$96 ihour

$80 /hour

$45 'hour

Subtotal:

$18.000
S5.000

$500

S3.800

$16.000

$1.100

S44.400

PROJECT TOTAL PRESENT WORTH:

Contingencies (30%):

TOTAL ALTERNATIVE COST:

S781.500

S234,500

SI.016.000 s

Note: All costs rounded to the nearest $100

a - Wells are installed to modeled depth ofcontamination (35 ft for source area: 45 ft for boundarv,

b - Estimated source area O&M for i year
: - Portable equipment will be used for source area injections te.u., tanker truck I

d - Representative reagent concentrations are 5 percent for source area and 0.5 percent for boundary

- Estimated O&M olfS years

f- O&M Present Worth equals Annual Source Area Operations and Maintenance Costs x iP/A (G' 10 percent for I vear)

- Annual Boundarv Operations and Maintenance Costs x (P/A (i' 10 percent tor A vyarsI

- Annual laintenancc and Reporting Costs x (P/A G 10 percent 5 years i

g - Total alternative cost accuracy i'-50 percent to -30 percenta (U.S. Environnental Protection Agency i988ai.

T33372.ls - 'M2/99 bf
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Table 7-3. Cost Estimate for Alternative R-4

Deed Restrictions. Fencing, Site Monitoring,

In-Situ Enhanced Anaerobic Bioremediation, In-Situ Reductive Precipitation

NFS. Inc. Ennin. Tcnncsscm

Item/Staff No. of Units Unit Price Estimated Cost

Preliminary Engineering and Permitting

Institutional Controls/Deed Restrictions

Sampling and Analysis/O&M Plan

Groundwater Injection Permit

Pilot Testing

Senior Project Staff 2

Project Engineer 2

Engineer/Technician

Drafting

Clerical

Mob/demob drilling rig and crew

Drill and install r 4-inch Injection Well

Per Diem

Reagent Injection

Analytical

Pilot Test Report

Drill and Install - 4-inch Injection Wells

Mob/demob drilling rig and crew

Drill and install source area injection wells

Drill and install boundary injection wells

Guard posts

$1.500
$20.000

$200

Subtotal: S21,700

8 hours

80 hours

240 hours

24 hours

24 hours

I LS

35 fIt

20 days

6 events

5 events

I report

fa_

0),

$127 /hour $1,000

$96 /hour $7,700

S80 /hour $19.200

S55 /hour S1.300

S45 /hour 51.100

S2.000 /LS S2.000

$50 ft $1,800

$100 person $2,000

$400 event S2.400

S1.500 event $7,500

55.000 report S5.000

Subtotal: S51.000

55:000 /LS $5.000

$5.000 /well $15.000

$3.500 /well $35.000

$48 /post $2.700

Subtotal: $57,700

I LS

3 wells

10 wells

56 posts

On-Site Construction Management (15%):

Engineering Design (20%):

TOTAL CONSTRUCTION COST:

$19,600

S26.100

$176,100

Annual Short-Term Operations and Maintenance Costs b

Monthly injections '

Quarterly injections

Annual Long-Term Operations and Maintenance Costs d

Quarterly injections:

6 injections 'ib,

2 injections 'I

510:000 /injection $60.000

$10.000 /injection 520.000

Subtotal: $80,000

4 injections ,@ 510.000 /injection 540.000

Subtotal: S40.000

Annual Maintenance and Reporting Costs'

Existing fence inspection

Semi-annual reporting

Senior Project Staff 2

Project Engineer 2

Engineer/Technician

Drafting

Clerical

$500

8 hours
60 hours

160 hours

60 hours

40 hours

~/)
.•i)

*0).

'a

(V.

5127 n/hour $1.000
$96 /hour 55,800

$80 /hour S121800

555 /hour $3.300

545 /hour $1.800

Subtotal: S25.200

O&M'PRESENT WORTH: S401.900 '

T33373 .1. . 7112/9" bf
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Page 2 of 2
Table 7-3. Cost Estimate for Alternative R-4

Deed Restrictions. Fencing, Site Monitoring,

[n-Situ Enhanced Anaerobic Bioremediation, In-Situ Reductive Precipitation

NFS. Inc. Ertin. Tennessee

Item/Staff No. of Units Unit Price Estimated Cost

Site Closure

Well/Piping Abandonment 14 wells 51.000 well $14,000

Senior Project Staff 2 4 hours .I) S127 /hour $500

Project Engineer 2 40 hours ). $96 /hour S3.800

Engineer/Technician 80 hours $,1 80 /hour $6,400

Clerical 12 hours $45 /hour $500

Subtotal: $25,200

PROJECT TOTAL PRESENT WORTH: S603,200

Contingency (30%): S181,000

TOTAL ALTERNATIVE COST: $784,200'

Note: All costs rounded to the newrest $100
i - Wells are installed to modeled depth ot contamination (35 fIt for source area: 45 It for boundary).

- Estimated short-tenm O&M for I year.
, Portable equipment wttll be used for injections (e.g.. tanker truck).

d - Estimated long-term O&M for 7 years.

e - Estimated project length for 8 years.
f- O&M Present Worth equals Annual Short-Temn Operations and Maintenance Costs x (P/A @ 10% for I year)

- Annual Long-Tert Operations and Maintenance Costs x (P/A @ 10% for 7 years)
Annual Maintenance and Reporting Costs x (P/A 6 10% for 8 years)

g - Totol alternative cost accuracy (-50 percent to -30 percent) (U.S. Environmental Protection Agency 1988al.

T33373,xls - 7112/99 bf



Page I ul .I

Table 7-4. Summary of Individual Analyses of Alternatives for SWMU 20
NFS, Inc. Erwin, Tennessee

I
Criteria Alternative R- I

No Action
Alternative R-2

Deed Restrictions
Fencing

Site Monitoring
VER Process

Air-Phase Therm Ox
Air Stripping

Chemical Precipitation
Liquid-Phase Adsorption

Discharge to POTW

Alternative R-3
Deed Restrictions

Fencing
Site Monitoring

In-Situ Oxidation

Alternative R-4
Deed Restrictions

Fencing
Site Monitoring

In-Situ Enhanced
Anaerobic IBioremediatiti,

In-Situ Reductive
Precipitation

Overall Protection of Human Health and the
Environment

* Does alternative protect current and future users? No Yes Yes Yes

Are environmental risks reduced by alternative? No Yes Yes Yes

Compliance with ARARs

Compliance with chemical specific ARARs? No Yes Yes Yes

Compliance with action-specific ARARs? Not Applicable Yes Yes Yes

Compliance with location-specific ARARs? Not Applicable Not Applicable Not Applicable Not Applicable

Compliance with other criteria? Not Applicable Yes Yes Yes

Long-Term Effectiveness

and Permanence

Does alternative reduce residual risk? No Yes Yes Yes

Does alternative provide adequate remedial Not Applicable Yes Yes Yes

controls?

Need a 5-year review? Required to ensure adequate
protection is maintained and

to ensure ARAR
compliance.

Required to ensure adequate
protection is maintained and

to ensure ARAR
compliance.

Required to ensure
adequate protection is

maintained and to
ensure ARAR
compliance.

Required to ensure adeq(Itii
protection is maintained andl

to ensure ARAR
compliance.

133374 doc - 07/12/9) 1f
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Table 7-4. Summary of Individual Analyses of Alternatives
NFS, Inc. Erwin, Tennessee

for SWMU 20

Criteria Alternative R- I
No Action

Alternative R-2
Deed Restrictions

Fencing
Site Monitoring

VER Process
Air-Phase Therm Ox

Air Stripping
Chemical Precipitation

Liquid-Phase Adsorption
Discharge to POTW

Alternative R-3
Deed Restrictions

Fencing
Site Monitoring

In-Situ Oxidation

Alternative R-4
Deed Restrictions

Fencing
Site Monitoring

In-Situ Enhanced
Anaerobic Bioremediamm

lIn-Situ Reductive
Precipitation

NoNeed for long-term management Not Applicable Yes No

O&M requirements Not Applicable I ligh Intensity Moderate Intensity Low Intensity

Reduction of Toxicity, Mobility, and Volume
through Treatment

Treatment process used None / Natural Attenuation Stripping, Adsorption,
Precipitation, and Natural

Attenuation

Oxidation,
Precipitation, and

Natural Attenuation
4 -4- -4- 4

Reduction in toxicity, mobility, and volume? Toxicity and volume by
natural attenuation

Mobility by VER recovery;
Toxicity and volume by ex
situ treatments and natural

attenuation

Toxicity and volutne by
oxidation and natural

attenuation; mobility by
precipitation

Enhanced Bioremediatin,
Precipitation, and Natt iuil

Attenuation

Toxicity and volunmc V
reduction and nautr~d

attenuation; mobility) I,
precipitation

Minor organic constitticw
remain after PRGs achic, (!

+ -1- 1-

Type and quantity of residuals remaining after
treatment

Minor organic constituents
remain after PRGs achieved.

Minor organic constituents
remain after PRGs achieved.

Minor organic
constituents remain

after PRGs achieved.
4 t 1- r-- -

Short-Terin Effectiveness

Risks to the community during implementation No risks Moderate Minimal Minimal
remedial action

Risks to workers during implementation of
remedial action

No risks Short-term risk during
O&M and sampling

Short-term risk during
oxidation treatments,
O&M, and sampling.

Short-term risk duriU
sampling.

1 3337-1 doc - 7T" 2/n9 Mf
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Table 7-4. Summary of Individual Analyses of Alternatives for
NFS, Inc. Erwin, Tennessee

SWMU 20

r V V

Criteria Alternative R- I
No Action

Alternative R-2
Deed Restrictions

Fencing
Site Monitoring

VER Process
Air-Phase Therm Ox

Air Stripping
Chemical Precipitation

Liquid-Phase Adsorption
Discharge to POTW

Alternative R-3
Deed Restrictions

Fencing
Site Monitoring

In-Situ Oxidation

Alternative R-4
Deed Restrictions

Fencing
Site Monitoring

In-Situ Enhanced
Anaerobic Bioremedialimi

In-Situ Reductive
Precipitation

Environmental impacts? Unmonitored potential Potential VOC emissions; None None
migration long-term storage of

precipitate sludge

Time until remedial action objectives achieved >30 years <1 year <1 year <1 year

Implementability

Constructable? No Activity Yes; but difficult Yes; but difficult Yes

Reliability of technology No technology implemented Reliable Reliable Reliable

Ease of undertaking additional remedial action, if Easily implemented Some difficulty to remove Some difficulty to Easily implemented
necessary wells and piping system. remove wells and

piping system.

Can you monitor effectiveness of remedy? Not Applicable Yes Yes Yes

Ability to coordinate with regulatory agency "No Action" alternative
may not be acceptable

to the regulatory authority

Obtainable; air emissions
and POTW permitting

required

Obtainable; injection
permit required

Obtainable; injection peroin
required

Availability of off-site disposal services None required Available Available Available

Availability of equipment and specialists None required Available Limited Limited

Availability of prospective technologies None required Available Available Available

133374 .doc - 07/12/99 hf
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Table 7-4. Summary of Individual Analyses of Alternatives for SWMIJ 20
NFS, Inc. Erwin, Tennessee

Criteria Alternative R- I
No Action

Alternative R-2
Deed Restrictions

Fencing
Site Monitoring

VER Process
Air-Phase Therm Ox

Air Stripping
Chemical Precipitation

Liquid-Phase Adsorption
Discharge to POTW

Alternative R-3
Deed Restrictions

Fencing
Site Monitoring

In-Situ Oxidation

Alternative R-4
Deed Restrictions

Fencing
Site Monitoring

In-Situ Enhanced
Anaerobic Bioremediaii,,

In-Situ Reductive
Precipitation

t I +

Cost

Installation Cost $0 $504,000 $367,600 $176,100

Annual O&M Cost $0 $319,500 $188,700 $145,200

O&M Present Worth Cost $0 $2,430,100 $369,500 $401,900

Site Closure Cost $0 $29,000 $44,400 $25,200

Contingency (30%) $0 $888,900 $234,500 $181,000

Total Cost $0 $3,852,000 $1,016,000 $784,200

1 33374.doc - 07/I 2/99 hi
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Table 8.1 Summary of Comparative Analysis of Alternatives for SWM U 20
Nuclear F`uel Services, Inc. SWMIJ 20 Site Erwin, Tennessee

Criteria Alternative R-1

No Action
Alternative R-2

Deed Restrictions

Fencing

Site Monitoring

VER Process

Air Phase Therm Ox

Air Stripping

Chemical Precipitation

Liquid-Phase

Adsorption

Discharge to POTW

Alternative R-3

Deed Restrictions
Fencing

Site Monitoring
In-Situ Oxidation

Alternative R-4

Deed Restrictions

Fencing

Site Monitoring

In-Situ Enhanced Anaerobic
Bioremnediation

In-Situ Reduction Precipitation

+ 1- *I
THRESHOLD CRITERIA

Overall Protection of Human
Health and the Environment

I Iminiin Iclalth P~rotection No reduction in risk.

Alh)ws lpolcnhial

e dnm i'oslllJl impacts floa
grolilldhale utlrigratiill.

Ili h\CvCr, natural 1lll1lclitlaioll

I'ckluceS CoIIlmIilli 1,21t

CollelCl~lalilltlS o\'Cl litlelC

P'rov ides high levIe~l of'
prolection. Deecd

icsi rictions. fcnching. a I

mnitoiiirinia well nciwork
lCdiicc risk frin a ll] poiclil itii

process C01uitiols oll-Silc

miiiiiaioui.

Provides higher level of,
protection. l)ecd

icstriclions. fencin. and

monilorinu well network

icdnce risk fi-im all potcntial
CNxrpOSirc I);iw\\.IVS. I l-Sili)

Oxidalhiii climiiiile Ics Suriiic

aild controls ol'siTc
lli•,rllionl.

1 mi ironilcntal liiricctimni

Compljiance with ARARs

MigIraliou 01" griuiiud\,ailcr is
cm-lailed by V 'R lilrcinciii.
Niatnial attcniilioI i enuc(liiccs

Constituenct Co .lltliiiois
m \rT illi2.

Source is eliminalcd through
in-sitl ox idatioin. Migriation
01" giotndwaltcr is curlialcd

by ill-situ l 1c1ii iit. Natiril

ittciii nI|Oll i"CLu ICCS
Collcclill'll o I ff211"liolls

iii -ii r liim i i

Provides highest lcevl of prolcliion I )ccd
rcSlt iCliti ns, fCiivi•u. illd iii 1iniiriiuL w\Cll

nclwirk rcdiicc risk flimi all pilclii] l
exposill pilhxl\ay'\s. hn-sill lMcd lil i\C

preCipitationl e'ldlh lCed hi~trClUC~diýt~ Ill C01111 ,

olfl-site Ilig, alion mid (kMalt' 11ý,•\ L2 di,11
iciiidi~tii m.

Migration of groiimid\atcr is C0i|tir01lcd hy
in-situ ircatnlents. Natural ;ulciiu;utlim is

cllhUlnlCCd 1l 1cduIu.Cs cOuu'-;liiiciil
i0iCC1Ot rut uolius o1rI limi.

Will ulect AORRs it site huiuuiudary. NlccIs
ARiARs within plumc area in cmimmlcd

8 years.

-- 1 1 1
Compliance \with Chenfical-Specitic

RAR I ic.. M(ls. Rt3Cs)
D)oes not meet A RARs. Will mect ARARs at site

boImdimy Mces ARARs
wilhillb pumnc aic in
cstiimaied 15 ycars.

Will meet ARARs at site
hoiulduiiy. Mcets ARARs

wilhin plilme areca in

cstimaitcd 5 yCelrs.
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Taible 8.1 Summary of (Comparative Analysis of Alternatives for SWMU 20
Nuclear Fuel Services, Inc. SWMU 20 Site Er-\ in, Tennessee

Criteria Alternative R-I

No Action

Alternative R-2
Deed Restrictions

Fencing

Site Monitoring

VER Process
Air Phase Thertn Ox

Air Stripping

Chemical Precipitation
Liquid-Phase
Adsorption

Discharge to POTW

Alternative R-3
Deed Restrictions

Fencing

Site Monitoring
In-Situ Oxidation

Alternative R-4
Deed Restrictions

Fencing

Site Monitoring
In-Situ Enhanced Anaerobic

Bioremediation
In-Situ Reduction Precipitation

Compliance with ARARs (cont)

Compliance with Action-Specific Not applicable Meets \RARs if proper PP11 Meets ARARs if proper PPE Meets ARARs if proper PPE used during well
ARA:lRs (i.e.. waste managemcnt used during well installation, used dhiring well installation, installation, system construction, O&M, and

restrictions) system construction, O&M. system construction, O&M, sampling.
and sampling, and sampling.

Compliance \\witi I.ocation-Specilic No ARAR Identified No ARAR Identified No ARAR Identified No ARAR Identified

A RA Rs (i.e.. floodplains. Wetlaitds)

BALANCING CRITERIA

Long-Term Effectiveness and
PermJ'anence

RCeduc6 ii in Conotaiiinanit Residual Natural atctmation decreases I'ro'ides moderate level of Pro\ ides high level of Provides highest l evel of long-term residual

Risk al (Concluision of ReIcmedlial risk. I lowcver. risk is log-term residual risk long-term residual risk risk reduction. Risk greatly reduced both

Activities significant for >30 years. reduction. Risk reduced reducliton. Risk greatly onsite and downgradicnt by in-situ Ircatmlemlm:•
hoth onsite and reduced both onsite and to accepltable levels in 8 years.

do% m\gradient to acceptable downgradient by in-situ

levels in 15 years. oxidation to acceptable

levels in 5 years.

I.ong-Term Reliability of Controls Not applicable Deed restrictions, fencing, Deed restrictions, fencing, Deed restrictions, fencing, in-situ treatment,

(i.e., management, monitoring. O&M. monitoring network, VER . monitoring network, and and monitoring network are reliable if
degree of confidence) and ex situ treatments are in-situ treatments are reliable maintained.

ieliable i'il taintained. if maintaimied.

Need f• i 5-Year Review Required Req uired R eq iired Requ ired

ARCADIS GERAGHTY& MILLER131.•15 di,( 07/12/99 bf
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Table 8.1 Summary of Comparative Analysis of Alternatives for SWMU 20
Nuclear Fuel Services, Inc. SWMU 20 Site Erwin, Tennessee

Criteria Alternative R-1

No Action

Alternative R-2

Deed Restrictions

Fencing

Site Monitoring

VER Process

Air Phase Therm Ox
Air Stripping

Chemical Precipitation
Liquid-Phase
Adsorption

Discharge to POTW

Alternative R-3:
Dsei $eststioq

Fencing
,Site Monitoring

I-tuOxidation

'Alternative R-4

fl~d fiej.rictions

Bioremq lptign

Long-Term Effectiveness and
Permanence (cont)

Prevention of Exposure to All constituents remain. On-site exposure to residuals Protection from residuals Protection from residuals risk enforced by
Contaminant Residuals Groundwater migration is is reduced by collection and risk enforced by deed deed restrictions and fencing. In-situ

not monitored or controlled. ex-situ treatment of impacted restrictions and fencing. treatments and enhanced natural attenuation
water and enforced deed In-situ oxidation and natural will provide highest degree of prevention of

restrictions. Protection from attenuation will provide high exposure and ultimately destroy all residuals.
residuals risk enforced by degree of prevention of Groundwater migration is monitored and

deed restrictions and exposure and ultimately controlled.
fencing. Natural attenuation destroy all residuals.

will ultimately destroy all Groundwater migration is
residuals. Groundwater monitored and controlled.

migration is monitored and
controlled.

Potential Need for Replacement of Not Applicable Deed restrictions and SAP Deed restrictions and SAP Deed restrictions and SAP require update,
Technical Components After require update, require update, modifications, or renewal. Minor monitoring
Remedial Objectives are Achieved modifications, or renewal. modifications, or renewal, and injection well repair may be required.

VER pumps, blower, and Minor monitoring and
ex-situ treatment equipment injection well repair may be
are expected to be reliable required.
until RAOs are achieved.
Minor monitoring well
repair may be required.

Long-Term Management Not applicable Long-term management Long-term management Long-term management eliminated or reduced.
required. eliminated or reduced.

ARCADIS GERAGHTY&MILLERt2iiit i- . nwi2ma K4
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Table 8.1 Summary of Comparative Analysis of Alternatives for SWMU 20
Nuclear Fuel Services, Inc. SWMU 20 Site Erwin, Tenjessee

Criteria Alternative R-1
No Action

Alternative R-2
Deed Restrictions

Fencing

Site Monitoring
VER Process

Air Phase Therm Ox

Air Stripping
Chemical Precipitation

Liquid-Phase
Adsorption

Discharge to POTW

Alternative' Ri
Deed Re trictiop

Fencing

Site Monitoring'
In-Situ Oxidation

Pod Reslricti~ps

Site Mnioatoring
jt-p Enhanced Apeobi

Iq-Sjf,9 Redhtction Precipitation

1- 1- t
Reduction of Mobility Toxicity,
or Volume through Treatment

Amount of Contaminant Destroyed or Not quantifiable Monitoring of COC Estimated oxidation of 75% Monitoring of COC concentrations and natural
Treated concentrations, influent, and of COC mass. Monitoring attenuation processes will determine mass

natural attenuation processes of COC concentrations and destroyed.
will determine mass natural attenuation processes

destroyed. will determine mass
destroyed.

Reduction in Mobility, Toxicity, or Toxicity and volume may be Mobility, toxicity, and Mobility, toxicity, and Mobility, toxicity, and volume reduced
Volume of Contaminants reduced through natural volume will be reduced volume reduced through in through in situ treatments and through

attenuation. through recovery, ex situ situ treatments and through enhanced natural attenuation.
treatments, and enhanced enhanced natural attenuation.

natural attenuation.

Irreversible Treatment of Natural attenuation is an Recovery and natural In-situ oxidation and natural rn-situ treatment and natural attenuation
Contaminants irreversible process. attenuation are irreversible attenuation of PCE are processes of PCE arc irreversible processes.

processes. COCs are irreversible processes. Uranium may become resoluble if
transferred to air phase and Uranium may become biogeochemistry is not conducive (i.e., OR '
remain in precipitate sludge. resoluble if biogeochemistry less than 0 mV).

is not conducive.

Type and Quantity of Contaminant Moderate organic residuals Moderate organic residuals Residuals destroyed in Organic residuals are ultimately destroyed
Residuals Remaining After Treatment are left from natural are left from VER and source area by oxidation. through in-situ treatments and natural

attenuation. natural attenuation. Minor organic residuals are attenuation.
left from natural attenuation.

ARCADIS GERAGHTY&MILLERI.3437r do . 07/1 12/9q hf
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Table 8.1 Summary of Comparative Analysis of Alternatives for SWMU 20
Nuclear Fuel Services, Inc. SWMU 20 Site Erwin, Tennessee

Criteria Alternative R-1
No Action

Alternative R-2
Deed Restrictions

Fencing
Site Monitoring

VER Process

Air Phase Therm Ox

Air Stripping

Chemical Precipitation

Liquid-Phase
Adsorption

Discharge to POTW

Alternative R-3
Deed Restrictions

Fencing
Site Moonitoring

In-Situ Oxidation

Alternative R-4
Deed Restrictions

Fencing
Site Monitoring

In-Situ Enhanced Anaerobic
Bioremediation

In-Situ Reduction Precipitation

Short-Ternm Effectiveness
Community Protection During Not applicable Moderate risk during VER Moderate risk during No risk with injection well and monitoring
Implementtation well and ex situ treatment injection well installation well network in place.

system installation. No risk and oxidation treatments.
with monitoring well No risk with monitoring

network in place. well network in place.

Worker Protection During Not applicable Workers use PPE as required Workers use PPE if required Workers use PPE if required for dermal
Implementation for dennal contact and for dermal contact arid contact and inhalation during monitoring and

inhalation during monitoring inhalation during monitoring in-situ treatments. Minimal risk from
and O&M. and in-situ oxidation, injections and degradation gases under facility.

Moderate risk from
injections and degradation

gases under facility.

Environmental Impacts During Continued impact from Environmental impact is Environmental impact is Environmental impact is minimized by in-situ
Implelnentation existing conditions. minimized by VER and minimized by in-situ treatment and monitoring well detection

monitoring well detection treatment and monitoring network; migration is controlled.
network. Migration is wvell detection network.

controlled. Source is eliminated and
migration is controlled.

Construction Time Not Applicable Less than 6 months less than 3 months Less than 3 months

Time U.Intil Remedial Response Estimated at > 30 years. Elstimnated at 15 years Estimated at 5 years Estimated at 8 years
Objectives are Achieved

ARCADIS GERAGHTY&MILLERT3J375.doc - 07/12/99 bf
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Table 8.1 Summary of Comparative Analysis of Alternatives for SWMU 20
Nuclear Fuel Services, Inc. SWMU 20 Site Erwin, Tennessee

Criteria Alternative R-1
No Action

Alternative R!2

Deed Res trictions
Fencing

Site Monitoring
VER Process

Air Phase Therm Ox

Air Stripping
Chemical Precipitation

Liquid-Phase
Adsorption

Discharge to POTW

Qpfo Restriction
pncin

Site Mppitprin
In-Sitp.0xidatioq

~q- ~u'iqu00 ip

1 4 -4 -. ___________________________

Implementability

Ability to Construct and Operate the Not applicable A number of vendors for Limited number of vendors Specialty contractors available to perform
Technology VERJex-situ treatment for oxidation treatments. in-situ enhanced anaerobic bioremediation and

systems are available. Personnel available to natural attenuation monitoring.
Personnel available to perform natural attenuation

perform natural attenuation monitoring.
monitoring.

Reliability of Technology (i.e., Not applicable Deed restrictions and fencing Deed restrictions and fencing Deed restrictions and fencing are reliable for

technical problems associated with are reliable for restricting are reliable for restricting restricting access immediately after
implementability that could lead to access immediately after access immediately after implementation. Monitoring reliable upon

schedule delays) implementation. Monitoring implementation. Monitoring sampling plan completion. In-situ treatment
reliable upon sampling plan reliable upon sampling plan reliable if maintained
completion. VER and ex completion. In-situ
situ treatment reliable if treatment reliable if

maintained, maintained.

Ease of Undertaking Additional Easily implementable Implementable Implementable Easily implementable

Remedial Action, if Required

Ability to Monitor Effectiveness of Not applicable Monitoring gives notice of Monitoring gives notice of Monitoring gives notice of failure before

Treatment VER effectiveness and failure before significant significant exposure occurs as well as monitor
potential migration of exposure occurs as well as in-situ treatment and natural attenuation

constituents in groundwater. monitor in-situ treatment and effectiveness.
natural attenuation

effectiveness.

ARCADIS GERAGHTY&MILLER
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Table 8.1 Summary of Comparative Analysis of Alternatives for SWMU 20
Nuclear Fuel Services, Inc. SWMU 20 Site Erwin, Tennessee

Criteria Alternative R-I

No Action
Alternative R-2

Deed Restrictions

Fencing
Site Monitoring

V`ER Process
Air Phase Therm Ox

Air Stripping
Chemical Precipitation

Liquid-Phase
Adsorption

Discharge to POTW

lp¶sttlPiai'

Alternative R41:
11 4

Fe"O

, tPT§#'V

Implementability (cont)

Permitting Requirements Not applicable Air and POTW permit Injection permit required. Injection permit required.
required.

Coordination with Other Local or Not applicable All approvals are obtainable. Injection permit may be All approvals are obtainable.
State Agencies difficult.

Availability of Services and Not applicable Readily available; uranium Available Available
Capabilities sludge disposal may be

difficult.

Availability of Equipment, Not applicable Readily available Available Available
Specialists, and Materials

ESTIMATED COST

Capital Costs $0 $504,000 $367,600 $176,100

Annual O&M $0 $319,500 $188,700 $145,200

O&M Present Worth $0 $2,430,100 $369,500 $401,900

Site Closure $0 $29,000 $44,400 $25,200

Contingency (30%) $0 $888,900 $234,500 $181,000

Total PrQJect Cost $0 $3,852,000 $1,016,000 $784,200

ARCADIS GERAGHTY&MILLERT33375.doc - 07112/99 bf
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EXPLANATION
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Figure 2 - 9. Conceptual Site Model
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Figure i-1. RPO Logic Diagram for Groundwater
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ARCADIS

114 Lovell Road, Suite 202

Knoxville, TN 37934

Tel 865.675.6700

Fax 865.675.6712

www.arcadis-us.comMr. Scott Morie
Nuclear Fuel Services, Inc.
1205 Banner Hill Road
Erwin, Tennessee 37650 ENVIRONMENT

Subject:

1st Semi-Annual 2009 Full Scale Data Package

SWMU 20/Maintenance Shop Area
Nuclear Fuel Services, Inc.
Erwin, Tennessee

Date:

February 23, 2010

Contact:

Paul PrestonDear Mr. Morie:

ARCADIS was retained by Nuclear Fuel Services, Inc. (NFS) to conduct full-scale
in-situ reactive zone (IRZn) groundwater treatment at the Solid Waste Management
Unit (SWMU) 20/Maintenance Shop Area of the NFS plant located in Erwin,
Tennessee. The objective of this effort is to remediate chlorinated solvents and
uranium in groundwater in the SWMU 20 area utilizing the ARCADIS IRZ®
technology of enhanced anaerobic reductive dechlorination/precipitation, and
ultimately prevent off-site migration of impacted groundwater. Activities conducted
since the last status report (ARCADIS U.S., Inc. 2008) have included continued
in-situ remediation and performance monitoring (observation and injection well
sampling including monitoring designed to determine stability conditions and test
closure performance).

In-Situ Remediation Injections

Seven reagent injections (#83 through #89) were completed from January 2009
through June 2009. The reagent mixture ratio (potable water to molasses) for these
injections was 80:1. Each injection ratio was designed according to observed field
parameters and data/performance interpretations relative to IRZe development
and/or progress.

The volume of reagent solution injected per well for each event varied from
approximately 18 gallons (IW-21, January 2009) to 5,728 gallons (IW-13, March 2009)
(Table 1). The variation of injectate volume was based on hydrogeologic
characteristics, constituent of interest distribution, well injectability, and the observed
biogeochemical conditions at each well.

Imagine the result
100127-TNNFS-LTR-027

Phone:

865.675.6700, ext. 3110

Email:

Paul. Preston@arcadis-
us.corn

Our ref:

TNNFS901.FS07



ARCADIS Mr. Scott Morie
February 23, 2009

A total of 562,291 gallons of reagent solution (approximately 61,688 pounds of total
organic carbon) has been injected during the 89 injection events since initiation of
full-scale IRZe remediation in September 2002 (Table 2).

Performance Monitoring

During January and February 2009, ARCADIS completed annual injection well
sampling. Locations selected were based on the ability to collect data that would
supplement data collected from the observation wells. Sample locations were selected
from wells presented in the Annual Well Collection List as described in NFS Procedure
NFS-DC-126, Revision 1 Attachment C (IW-1, IW-2, IW-3, IW-7, IW-8, IW-18, IW-20,
IW-21, IW-22, IW-23, IW-24, and Well 72).

During the same January and February 2009 mobilization, ARCADIS also completed
the 1st semi-annual observation well sampling and First Quarter closure monitoring
events. Samples were collected from wells 92, 93, 94, 97A, 102A, 103A, 108A, 109A,
110A, 111A, 112A, 113A, 116A, IW-9, IW-10, and OW-1.

Throughout the January and February 2009 sampling event, water levels were
collected from each well just prior to purging. Wells were purged and sampled in
accordance with NFS-DC-1 26, Revision 1. Water samples were collected by low-flow
sampling methods using a flow-through cell, and field parameters were recorded in
order to determine well stabilization (Tables 3 and 4). Samples were collected using
a peristaltic pump while utilizing the reverse flow method for volatile organic
compound (VOC) sample collection. Sample aliquots were submitted to ALS
Laboratory in Fort Collins, Colorado for non-radiological analysis and to the NFS
on-site laboratory for radiological analysis. Data summaries are presented in
Tables 5, 6, and 7.

During April 2009, ARCADIS completed the Second Quarter closure monitoring
event. Samples were also collected from wells 97A, 109A, IW-5R, IW-6, IW-9, lW-10,
and lW-1 7. A full round of water levels were collected from all observation wells listed
in NFS-DC-126 Attachment C and were used to construct SWMU 20 area
potentiometric contours (Figure 1). Samples were collected using a peristaltic pump
while utilizing the reverse-flow method for VOC sample collection. Sample aliquots
were submitted to ALS Laboratory in Fort Collins, Colorado for non-radiological
analysis and to the NFS on-site laboratory for radiological analysis. Data summaries
are presented in Tables 5, 6, and 7.

Page:
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February 23, 2009

Concentration contour maps were created using data collected from the January and
February 2009 sampling event (Figures 2, 3, 4, 5, 6, and 7). In the case where the
Second Quarter closure monitoring result was less than the January/February 2009
result, the more recent of the two data points were used to refine the distributions and
is footnoted as appropriate.

Conclusions

The concentrations of on-site chlorinated solvents have continued to reduce under the
influence of the in-situ remediation program. The area of on-site tetrachloroethene
impact has been reduced from approximately 2 acres at baseline to less than
0.18 acres during January and February 2009, indicating an approximate 91 percent
reduction. In areas where injections have ceased in order to monitor the effectiveness
of stabilization, April 2009 data indicated no rebound, and all VOC results were
reported as non-detect.

Uranium concentrations in the SWMU 20/Maintenance Shop area continued to
decrease as measured in the January/February and April 2009 events. The area of
uranium impact has been reduced from approximately 0.75 acres at baseline to
approximately 0.18 acres indicating a 76 percent reduction.

ARCADIS appreciates the opportunity to provide this package containing a summary of
groundwater data collected in association with the full-scale IRZe remediation activities
requested by NFS. If we can be of any further assistance, please contact us at your
convenience.

Sincerely,
ARCADIS

/Paul .P rso n, PE
Project Engineer

Berny D. llgner, PG
Vice President

RM/bf
Attachments

REFERENCE:

ARCADIS U.S. Inc. 2008. Second Semi-Annual 2008 Full-Scale IRZe Status Report.
Prepared for Nuclear Fuel Services, Inc. May 2009.
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ARCADIS

Table 2. Project Summary of Reagent Injected
Nuclear Fuel Services, Inc. Erwin, Tennessee

Total Volume Injected (gal)

Total Molasses Volume Injected (gal)

Organic Carbon Injected (Ibs) *

Total Sodium Bicarbonate (Ibs)

562,291

17,574

61,688

10,118

31,302Total Ferrous Sulfate (Ibs)

* - organic carbon in molasses is 30% by weight / molasses density is 11.7 pounds per gallon

gal - gallons
lbs- pounds

Table 2.xls - 18FEB10 bf
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Table 3. Full-Scale Performance Field Data in Observation Wells (January-June 2009)
Nuclear Fuel Services, Inc. Erwin, Tennessee

Depth to Water-Table
Well ID Date Water Elevation pH Spec Cond Temp

(ft btoc) (ft mst) (SU) (mS/m) (1C)

92 2/11/2009 5.50 1633.48 6.50 0.818 13.86

4/14/2009 4.97 1634.01 NM NM NM

93 2/10/2009 5.05 1633.34 6.33 2.855 14.44

4/14/2009 4.45 1633.94 NM NM NM

94 1/29/2009 4.87 1635.73 6.27 0.529 7.21

4/14/2009 6.15 1634.45 NM NM NM

97A 2/9/2009 4.38 1634.39 6.35 0.652 18.18

4/16/2009 4.10 1634.67 6.35 1.118 19.98

102A 2/5/2009 12.32 1630.31 6.61 0.499 11.25

4/14/2009 12.15 1630.48 NM NM NM

103A 2/5/2009 13.27 1630.10 6.56 0.697 13.40

4/14/2009 12.55 1630.82 NM NM NM

108A 2/3/2009 3.36 1635.13 6.61 2.178 9.40

4/14/2009 3.71 1634.78 NM NM NM

109A 1/28/2009 4.13 1634.46 6.07 1.667 13.39

4/15/2009 3.80 1634.79 6.12 1.444 12.87

110A 1/27/2009 2.52 1635.83 6.28 1.730 11.60

4/14/2009 3.09 1635.26 NM NM NM

111A 1/29/2009 6.42 1634.83 6.59 0.397 7.84

4/14/2009 7.01 1634.24 NM NM NM

112A -2/2/2009 7.27 1633.85 6.42 0.190 9.54

4/14/2009 6.62 1634.50 NM NM NM

113A 2/2/2009 7.24 1633.97 6.32 0.218 9.30

4/14/2009 6.50 1634.71 NM NM NM

116A 1/22/2009 9.20 1629.75 6.71 0.969 13.16

4/14/2009 9.27 1629.68 NM NM NM

OW-1 1/28/2009 5.00 1632.97 8.58 1.290 11.66

4/14/2009 4.81 1633.16 NM NM NM

btoc - below top of casing

°C - degrees Celsius
ft - feet

msl - mean sea level
mS/m - millisiemens per meter

NM - not measured
Spec Cond - specific conductance

SU - standard units
Temp - temperature

Table 3.xls - 18FES10 bf



ARCADIS

Table 4. Full-Scale Performance Field Data in Injection Wells (January-June 2009)
Nuclear Fuel Services, Inc. Erwin, Tennessee

Depth to Water-Table
Well ID Date Water Elevation pH Spec Cond Temp

(ft btoc) (ft msl) (SU) (mS/m) (VC)

lW-1 2/3/2009 5.40 1632.92 5.97 5.314 6.95

4/14/2009 5.05 1633.27 NM NM NM

IW-2 1/2612009 4.66 1633.78 5.12 6.080 13.15

4/14/2009 4.20 1634.24 NM NM NM

IW-3 1/26/2009 4.23 1634.28 4.57 10.430 11.97

4/14/2009 4.12 1634.39 NM NM NM

IW-4R 4/14/2009 4.31 1634.51 NM NM NM

lW-5R 4/16/2009 4.13 1634.67 6.51 3.735 18.74

IW-6 4/16/2009 4.36 1634.13 6.02 3.626 13.70

IW-7 2/3/2009 5.10 1633.10 4.39 7.385 10.64

4/14/2009 5.01 1633.19 NM NM NM

lW-8 1/29/2009 4.95 1633.32 5.46 3.747 10.47

4/14/2009 4.91 1633.36 NM NM NM

IW-9 1/27/2009 5.16 1633.44 6.17 3.406 11.92

4/16/2009 4.63 1633.97 6.15 3.242 14.31

IW-10 1/27/2009 4.60 1634.26 6.09 2.578 13.50

4/15/2009 3.59 1635.27 6.07 2.891 16.21

IW-1 7 4/16/2009 4.38 1634.62 6.24 2.626 18.25

IW-18 2/9/2009 4.72 1633.89 4.67 5.419 13.72

4/14/2009 2.96 1635.65 NM NM NM

IW-20 2/4/2009 5.68 1633.05 5.53 4.503 11.39

4/14/2009 5.21 1633.52 NM NM NM

IW-21 2/10/2009 4.25 1634.95 4.85 3.212 15.15

4/14/2009 3.11 1636.09 NM NM NM

IW-22 2/11/2009 5.60 1632.89 4.32 9.180 16.19

4/14/2009 5.28 1633.21 NM NM NM

IW-23 1/29/2009 4.96 NM 4.93 5.872 11.84

4/14/2009 5.09 NM NM NM NM

IW-24 2/10/2009 6.50 NM 6.52 2.091 16.24

4/14/2009 6.42 NM NM NM NM

72 2/10/2009 5.33 1633.21 4.92 6.000 11.13

4/14/2009 4.53 1634.01 NM NM NM

btoc - below top of casing
°C - degrees Celsius

ft - feet

msl - mean sea level

mS/m - millisiemens per meter

NM - not measured
Spec Cond - specific conductance

SU - standard units

Temp - temperature

Table 4.xls - 18FEB10 bf
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ARCADIS
T"W.& 111-8 Pi ,- r 7 - 'j T,7 haWisa Ia.M38Ngo ai 77r7io waite ý,jnuavTjna u

PON 04 M 14.A 10 MMA IOOA 10 14 1001 110A lilA 112A l11A 14SA OW-i

T Ist amGgian 1sQ T&MU DAM 5 0.0U 0.104J 0,05 U 000 U 0.012 0.00S U 0.005 U 0.00 U 0.24 0.005 U 0.006 U 0.019 0,013
2N&Ga0R NB NB NS 0.006U NS NS NS 0.00544

Tfildoeemale ta l Tot A G .004 &W V .0 0.U0A U0 , 0 ,005 U 005 U 0.0052 0.00, U 0.006 U 0.005 U 0.0.16 04006SU 0,00S U 0.005 U 0.0067
2PA TR ms B NB 0.005 U, NS NS NB 0.008 U

ca-I-2.Ot)*s * lt QTISUA DAM U 0 0,606 U 0.0 U 0.005 U 0.11 0.0023 J 0026 J 0,0068 0.43 01006 U 0.006 U 0,0042 J 0.13
2Ad-GMR NS NS NS 0.005 U NS NB NS 0.005 U

taM,2. t OTAJSA O U 0.40U 0. U 0.005 U 0.006 U 0.005 U 0.00• U 00 U O;.5 U 0.012 U 0100••U 0:006 U 0,006 U 0.01 U
2, Ti-R NB Ns NS m0S U NS NB NB 0.005U

vsv cM.• 10 QTVAA GMS U 0214 J 0.L005 U 0.005 U 0.006 U 0;016 04033 J 0002 0.0066 0412 U 0&0M U &005 U 0.005 U 0.041
2UdATW*S S mB NS 0;006 U NS NS NS 0,05 U NS NB NS NS NS NS

TrbutoPtesp•m• •ap QTTPJSA 0IM4J 344 0M0007U 0.0011U 0,0014 U 0.004.U 11 0007 J G0014 0J00097 0 8U O W. 0U 09G 7 0,0094MU 0.47J
2at QTR m m1 NB Glo o0000 U Ns NS Ns 0.0038 NS NS NS NB NS NS

Ttoatg C~.n ltOQTPiA 2.6 49 1.1 1.8 1.9 13 14 t0 13 1.3 1 U I U 1.9 4.4
2d •QTR US NS NS 1.6 NS NS NS 8.3

" b NltIiR latOG~/BA 6,2 04 3.3 0044 C0A0 1 0.1 0.01 0.1 3 3.5 2.8 043 0.01
2rA44R us NB NS 0.033 NB NS NB 0.04 NS NS NB NS NB NB

Ammm ka la1QTf,,AS, . 8,bOW I0.1W U 0.G4 0.1 U 0.1 u 1.24 0.88 C J 0.32 0.1.U 0.1 u 0.1 4 0.1 u 2.844#
2iiTR NB NS NS C.A Ns NS NS 0821 NS NS NS NBS NS NS

b"r• td) !Wa•Tat" 04$ 34J 0,15 4 1.4 4 3.2 J 7.1 J 29 J 120 05 4 0.1U 8.74 0044 J 0OI0 J 3.6 J
2m*GTR NB NS NS 1.4 NS NS NS 100 NS NS NB NB NS NB

bvn (da•iaac-v IsIOIJSA 64 40J 0.1U 2.1J 3.5J 7.94 154 .lOj 904 0.1U 0.5W 0.0D84 0.0095 J 0.13J
2•idQTR NS Ns NS 1.3 mS NS NS 87 NB NS NS NS N6 NS

IsIO" (* $M QTRISA 1 1.1 0.0085 U 0.43 0.67 0.99 0.61 3 4.4 0.0017 U 0842 0.48 2.2 0.048
2nd QTR N NB MS NS 0.43 NS NS NS 2.5 US NS NS NS NS NS

Magama (daiowad) Ist OTRfS 1 1.1 0,0083 0.5 0.67 0.13 0.81 2.0 4.3 0.00014 0;025 0.047 1.5 0.034
2ui OMh Ns NS NS 0,465 Ns NB NS 2.4 NS NB NB NS NS NS

m . .taQtRiSA i 3.09 57 27 39 51 11 2.5 84 t6 22 1I 28 3 36
ZniOTR NS NS NS 30 NS NS NS 4.2 NB NS NS Ns NS NS

CNld lst QT*tSA W 50 33 63 14 120 2-0 81 61 18 6.1 9.2 13 29
2aQTR NS NS NS 73 NS NS NS 100 NS NB NS NS NS NS

Cad1m.I p) IA QTNISA 72 350 1 a 8& so 100 22044 350 480 17 14 31 64 15
2nd0 GR NS NS NB 78 NS NS NS 350 NS NS NS Ns NS Ns

Ih i Wat0.TRA 260 13 0.8026 3 1.6 1.8 9.9 6.8 7 0.8044 SAM DAM C-,4 4.2
___________________ _ NS NB us &We0 NB NB NB 5.5 NIS NB NB ms NB NB

Eft.ne l4M 0TPMA I U 0.014 0.001 U 0.001 U 0.001 U 0.0051 0.16 0.001 U 0.0012 0.001 U 0.001 U 0.001 U 0.001 U 0.014
2ndGTR NS NS NS 0a00I U NS NS NS ,0004 U NS NS Ns NS NS NS

Emma. IAtOTf$SA 2 W 0.047 M002 U 0.002 U 0.002 U 0.007 0.26 &,002 U 0.002 U 0;002. 0U002 U 0A2 U 0.002 U ,0064
2c4QTeR NB NB NB 0.002 U NS NBs NB '.002 MU NS NS NS NS NS Ns

M41L -htma -WRMP o

0Th - Ouaiimdy Baami~ Event
BA - SajuJAnAA~ 5NP4*9 EVOW

Data CQablfieam:
H.- exceeded robd Unie
J - atknaetd

-U- dtce
UJ - ealimalad, non-detect

T"l 6.)&- ISFEBIG bf
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ARCADIS
Tale i. Full Scale Perfomance Non-Radiological Anas1ical Oata In Observation and injection Wells (January-June 200B)
Nuclea Fuel,.servcs, Inc. . Kiwin. Tennessee

Wall ID

Oaft ON- I-2 iWV-3 hI-4 iN-6R IW.. IW-7 dW.4 IW-C IW-10 W9llt IW-12 1W-13

Velahb Orseal Comeepesa Oual)

TetractsrOetheee lt QTRISA 0.22 J 0.005 U 0.005 U NS NS NS 0.005 U 0.012 0.005 U 0.005 U NS NS NS
2ndQTR NS NS NS NS 0.005 U 0.005 U NS NS 0.005 U 0.005 U NS NS NS

Trioetornethene 1st QTR/SA 0.25 U 0.005 U 0.005 U NS NS NS 0.005 U 0.012 0.005 U 0.005 U NS NS NS
2nd QTR his Hs NS NS 0.005 U 0.005 U NS Ns 0.005 U 0.005 U NS NS NS

cisl-1.2-Dichbroethene 1st QThJOA 2.3 0.005 U 0.005 U NS NS NS 0.0010 1 0.29 j 0.005 U 0.005 U Ns NS NS
2nd QTR NS Ns NS NS 0.005 U 0.005 U Ns NS 0.005 U 0.005 U NS NS NS

trans-1,24clctwoesehene 1t QTR/SA 0.25 U 0.005 U 0.005 U NS NS NS 0.005 U 0.012 U 0.005 U 0.005 U NS NS NS
2ndO TR Ns NS NS NS 0.005 U 0.005 U NS NS 0.005 U 0.005 U NS NS NS

Vinyl Chloide 1 St QTR/SA 0.45 0.005 U 0.0024 J NS NS NS 0.005 U 0.02 J 0.005 U 0.005 U NS NS NS
2nd QTR NS NS NS NS 0.005 U 0.005 U NS NS 0.005 U 0.005 U NS NS NS

semi.Velea Onra, o Cempted (RWg
Tdbutyt Phtosphate 1st QTR/SA 0.24 0.00008 U 0.0055 U NO NS NS 0.0057 7 0.0057 0.007 NS NS NS

2nd GTR NS NS NS NS 0.0007 NAJ Ns NO 0.0052 0.025 NS NS NS

Total Organic Carbon let OTRISA 080 930 2400 NS NS NS 2000 1100 220 130 NS NS NS
2nd QTR NS NS NS NS 220 580 NS NS 120 46 NS NS NS

Nrateli•eNie Nitrogen 13IQTRSJA I U 0.1 U 0.1 U NS Ns NS I U 0.1 U 0.1 U 0.01 U NS NS NS
2nd GTR NS NS NS NS 0.05 U 0.014 NS NS 0.072 0.01 U NS NS NS

Ammonia Nitrogen 1st QTRRJSA 0.05 J 0.51 J 1.3 J NS NS NS 4.2 J 1.7 J 0.59 J 0.05 J NS NS NS
2nd GTR NS NS NS Ns 20 10 NS NS 7.3 3.2 NS NS NS

Ion (to0at 1st QTRJSA 1500 1300 3000 NS Ns NS 3300 2000 270 200 NS NS NO
2nd QTR NS NS NS NS 240 430 NS NS 220 210 NS NS NS

kon (dissolved) 1st QTRJSA 1400 1300 3100 NS NS NO 3200 1900 270 250 NS NS NS
2nd QTR NS NS NS NS 230 430 NS NS 230 200 NS NS NS

Manganese (tot5* Ist QTR/SA 17 0.3 21 NS NS NS 21 12 4.4 3.8 NO NS NO
2nd OTR NS NS NS Ns 1.7 5.8 NS NS 3.4 3.7 NS NS NS

Manganese (dissolved) Ist QTR/SA 1a 9.4 22 NS NO NS 21 12 4.5 3.5 Ns NO NS
2nd QTR NS NOS Ns NS 1.0 5.7 NS NS 3.3 3.5 NS NS NS

Outal l1t QTR/SA 1900 2100 4500 NS NS NS 5500 23100 2 U 2 U NS NS NS
2rd QTR NS NS NS NS 2 U 2 U NS NO 0.5 J 2 U Ns NS NS

Chloride 1st QTR/SA 220 72 140 NS NS NS 120 110 150 140 NS NS NS
2nd GTR NS NS NS NS 140 150 NS NS 180 290 Ns NS NO

Dissledw&Oasoae&10 Hydrocarbons ImeA
Carbon Dioede (free) I st QTR/SA 1600 HJ 8000 4 27000 J NS NS NS 410 1 6000 J 060 HJ 810 w NS NO NO

20d 0TR NS NS NS NS 640 1300 NS NS 820 570 Ns NS NS
Methane lst QTR/SA 4.1 J 4.5 J 3.4 J NS NS NS 7.8 7 J 4.7 J 4.1 J NS NS NS

2ed QTR NS NS NS NS 10 7.3 NS NS 6.5 7.8 Ns NS NS
Ethene lst QTRISA 0.22 J 0.001 U 0.001 U NS NS NS 0.001 U 0.0066 J 0.001 U 0.001 U NS Ns NS

2nd GTh NS NO NS, NS 0.001 U 0.001 U NS NS 0.001 U 0.001 U NS Ns NS
Ethane 1st QTR/SI 0.02 J 0.002 J 0.002 U NS NO NS 0.002 U 0.0060 J 0.002 U 0.002 U NS NS NS

2nd 0T NS NO NS NS 0.002 U 0.002 U NS NS 0.002 U 0.002 U NS NS NS

ingL - milligrams per tWar

NA' - sampled but bottles were broken upon lab receipt

NG - not sampled

QTR - quarlerly sampling event
SA - sem-asnsual sampling event

Data Oualfiers:
H - exceeded hold time

J - estinated

U - undetected
W - estimated, non-detect

T1.0 S. - 18FEBIO bf
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ARCADIS
TaNb. 6. Full Scale Pamnae Noon.RadlelogIcal Analytical Data In Observation and Injection Wells (January lJune 2000)
Nuclear FuelServices, W~c. Enwin, Tennessee

WON ID

Date W-14 UI-tS iW-tg IW-17 IWll.5 IN-t9 1111-20 IW-21 E-Z2 W-23 W-24 72

Vokaib organic CeapeunD" OOV14
Teiracwioswthee 131 QTRISA NS NS NS NS 0.005 U No 0.005 U 0.005 U 0.005 U 0.005 1 0.005 U 0.005 U

2n10TR NO NS NS 0.005 U NS NS NS NS NS NS NS NS
Trdctdoathene lie QTR/MA NO NO NS NS 0.005 U Ns 0.005 U 0.005 U 0.005 U 0.0036 1 0.005 U 0.005 U

2nd QTR NS NS NO 0.005 U NS NS NS NS NS NO NO NS
cl,-1.2-Othiroethene lstOTR/SA NS NO NS NO 0.005 U Ns 0.005 U 0.0061 0.005 U 0.12 J 0.005 U 0.005 U

2rd QTR NS NS NS 0.005 U NS NS NS NS NS NS NS NS
trans-I ,2-Okhitroethene tst QTR/SA NO NS NS NS 0.005 U NS 0.005 U 0.005 U 0.00S U 0.01 U 0.005 U 0.005 U

2nd QTR NO NS NS 0.005 U NO NO NS NS NS NS NS NS
Vil Choidde lIt QTR/SA NS NS NS NS 0.005 U Ns 0.005 U 0.0024 J 0.005 U 0.043 J 0.005 U 0.005 U

2nd QTR NO NS NS 0.005 U NS NS NS NS NS NS NS NS
$-"Gkfe oqri cOq.eAf 1110,0.

TflbatA Phospitere 1st QTRISA NO NS NS NS 0.0011 U NS 0.0071 1.7 0.0021 U 0.32 0.11 0.031
2nd QTR' N NO NO 0.00099U NS NS NS NS NS NS NO NS

Total Ogani Cearb 1st QTR/SA NS NS Ns NS 2600 NS 580 470 2500 J 1900 36 $50
2nd QTR No NS NO 140 NS NS NO NO NO NS NO NS

Nkrate/Ntrle Nitrogen lit QTRJSA No NS NS NOSI I NOI U 0.01 U I W 0.1 U .0.01 U I U
2nd OTR NO NS Ns 0.05 U NS NS NS Ns NS NS NS NS

Ammonia Nnragen isOQTR/OA NO NS NS NO 0.9 J 6NS 0.86 1 1.6 2.1 J 2.5 J 1.7 J 6.4 J
2nd3TR 8NO NS NS 16 NS NS NS NS NS NS NS NS

Iron (totali lst QTRJSA NS No NS NO 4900 NS 1700 900 3600 4100 300 2000
2nd OTR NO NO NS 130 NO NS NO NO NO NO NS NS

fnre (dissolved) 1St QTRISA NS NS NS NS 5100 NS 960 1000 3500 4400 300 2000
2nd QTR NO NS NS 120 NS NS NS NS NS Ns NO NS

Manganese tot4 I ast QTR/SA NO NO NS NS 35 NS 11 6.4 23 22 4.5 14
2nd OTR NO NS NS 2.9 NS NS NS NS NS NS NS NS

MIangaese (dissolved) lat OTRJSA NO NO NO No 36 NO 7.5 6.6 22 23 4.5 14
2nd QTR NS NO NO 2.8 NS NS NS NS NS NS NO NS

Sulfate I t QTR/SA NS NS NS NS 6600 NS 2400 1500 6000 5200 200 3400
2nd QTR NO NO NO 0.77 J Ns NS NS NS NS NS NS NS

Chloide 1s0 QTR/SA NS Ns NS NS 100 NS 120 26 110 92 69 77
2nd OTR NO NS NS 100 NS NS NS NS NS NO NO NO

Carbon Dioxide (fee) 1aI QTR/SA NS NO NO NS 41000 J NS 3300 J 0800 J 720 J 20000 J 520 J 11000 J
2nd QTR NS NS NS 630 NS NS NS NS NS NS NS NO

Methane 131 QTRJ.A NS NS NS NS 0.012 J NS 4.1 J 5.6.1 6200 J 0.1 J 13 11
2nd OTR NS NS NS a NS NS NS NS NS NS NS NS

Ethan.e st QTRISA NS NS NS NS 0.001 U NS 0.001 U 0.0011 1 U 0.22 J 0.001 U 0.001 U
2nd QTR NS NO NS 0.001 U NS NS NS NS NS NS NS NS

Uhw lot QTR/SA NO NS No NS 0.002 U NS 0.002 U 0.002 U 2 U 0.016 J 0.012 0.002 U
2nd GTR NO NO NO 0.002U NO NO NS NO NS NO NS NS

mg1&- mi~grams per Bar
NO - not sampled
QTR - Ooalusned Sampling Evert
SA - Stmil-AAM11 Oamtlnp~g Event

Oaa Qualifiers:
H - exceeded hold time
J - estimated
U - undetected
UJ - estimated, non-detect

To~bl 6.A1d - 18FE10 bf



ARCADIS
Table 7. FullScal Perfomance Radioloical Analytical Data In Observation and Injection Wells (January -June 2009)
NUMbaw Fel Urvses. Itc. Irwin, Temesse.

U233234 U235/236 U238 U Mass Activity U Unss Concentration
Sample Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total Dissolved Total

WellO Dae (pCLIL) (lCI/I) t(e/L) (PWgL) (pCi/L) (pCi/I.) (lg/L) 64g/L) (pCi/L) (pCi/L) (Pg/L) (pg/L) (pCi/L) (pCi/L) (mg/L) (mOML)

92 2111/2009 0.3517 1.306 0.000 0.000 0.6198 0.1860 0.287 0.086 0,000 O.000 0.000 0.000 0.97 1.49 0.000 0.000

93 2110/2009 1.427 4.549 0.000 0.001 0.7893 1.059 0.365 0.490 0.3431 0.7544 1.021 2.245 2.56 6.66 0.001 0.003

4 1./2_20. 20.1_0 . 17.10 0.003 0.003 3.. 4 . 3.206 1.696 1.484 3.352 3.313 9.976 9.8.0 27.12 23.62 0.012 0.011

e7A 2/9/2009 14.69 15.03 0.002 0.002 2.106 2.802 0.975 1.297 1.185 1.299 3.527 3.866 17.98 19.13 0.005 0.005

4/1-- 2009 10.09 11.65 0.002 0.002 1.257 1.060 0.582 0.491 0.9134 0.6417 2.718 1.910 12.26 13.35 0.003 0.002

102A 215/2009 1.702 0.8745 0.000 0.000 0.3590 0.2538 0.167 _ 0.18 0.5326 1.127 1.585 3.354 2.59 2.26 0.002 0.003

103A 2/5/2009 2.996 3.397 0.000 0.001 0.6159 0.254 0.285 0.118 2.635 3.024 7.842 9.000 6.25 6.68 0.008 0.009

108A 213/2009 4.816 13.97 0.001 0.002 0.6601 2.388 0.306 1.106 2.664 2.397 7.929 7.134 8.14 18.76 0.008 0.008

109A 1/28W2009 8.428 7.823 0.001 0.001 1.181 1.214 0.547 0.562 4.196 8.151 12.488 24.259 13.81 17.19 0.013 0.025

4/15/2009 3.459 4.242 0.001 0.001 0.7005 0.5413 0.324 0.251 3.804 3.641 11.321 10.836 7.96 8.42 0.012 0.011

110A 112712009 2.950 4.311 0.000 0.001 1.078 0.5064 0.499 0.234 1.577 1.686 4.693 5.018 5.61 - 6.50 0.005 0.005

111A 1/29/2009 43.70 42.67 0.007 0.007 7.747 80.89 3.587 37.449 4.690 6.108 13.958 16.179 56.14 129.67 0.018 0.0568

112A 2/2/2009 1.659 15.98 0.000 0.003 0.1806 3.614 0.084 1.673 0.2915 2.917 0.868 8.682 2.13 22.51 0.001 0.010

11A 2/2/2009 4.099 5.462 0.001 0.001 0.4994 0.5415 0.231 0.251 1.260 1.165 3.750 3.467 5.86 7.17 0.004 0.004

111A 1/22/2009 0.4419 0.7429 0.000 0.000 -0.1817"' 0.2618 0.000 0.121 0.09778 0.3170 0.291 0.943 0.54 1.32 0.000 0.001

OW-I 1/28/2009 80.79 91.52 0.013 0.015 16.56 17.24 7.667 7.981 37.03 37.57 110.208 111.815 134.38 146.33 .19 0.120

lW-1 2/3/2009 8.421 7.398 0.001 0.001 2.297 2.042 1.063 0.945 4.757 3.297 14.158 9.813 15.48 12.74 0.015 0.011

IW-2 1/212009 49.80 55.46 0.008 0.009 9.049 12.55 4.189 5.810 18.07 17.39 53.780 51.756 76.92 85.40 .051. 0.058

lW-3 1/26=2009 6.257 7.119 0.001 0.001 1.481 1.533 0.686 0.710 4.531 4.725 13.485 14.063 12.27 13.38 0.014 0.015

rW-6R 4/16/2009 3.203 6.438 0.001 0.001 0.439 0.9423 0.203 0.436 1.367 1.630 4.068 4.851 5.01 9.01 0.004 0.005

IW-6 4/18/2009 0.7054 0.7843 0.000 0.000 0.3108 0.5806 0.144 0.269 1.555 1.510 4.628 4.494 2.57 2.87 0.005 0.005

NW-7 2/3/2009 3.788 3.219 0.001 0.001 0.3595 1.184 0.166 0.548 1.064 1.012 3.167 3.012 5.21 5.42 0.003 0.004

IW-8 1129/2009 5.739 7.458 0.001 0.001 0.7585 1.892 0.351 0.876 1.837 3.265 5.467 9.717 8.33 12.62 0.006 0.011

NW-9 1127/2009 3.577 6.654 0.001 0.001 2.206 2.897 1.021 1.341 1.781 1.169 5.301 3.479 7.56 10.72 0.006 0.005

4/16/2009 0.6959 2.135 0.000 0.000 0.1226 0.7429 0.057 0.344 0.09899 0.6541 0.295 1.947 0.92 3.53 0.000 0.002

6V-10 1/27/2009 0.9949 3.368 0.000 0.001 0.7364 0.5539 0.341 0.256 0.1981 0.4471 0.590 1.331 1.93 4.37 0.001 0.002

4/15/2009 0.4621 1.554 0.000 0.000 0.2534 0.7189 0.117 0.333 0.1023 0.2901 0.304 0.863 0.82 2.56 0.000 0.001

6W417 4/16/2809 0.7069 0.9886 0.000 0.000 0.1235 0.2603 0.057 0.121 0.2493 0.105 0.742 0.313 1.07 1.05 0.001 0.000

lW-16 2/9/2009 404.6 444.9 0.065 0.072 55.88 27.60 25.870 12.778 13.59 15.23 40.446 45.327 474.07 467.73 0.091 0.088

IW-20 2/4/2009 0.4631 45.41 0.000 0.007 0.3174 14.94 0.147 6.917 0.2049 0.000 0.610 0.000 0.99 60.35 0.001 0.007

IW-21 2/10/2009 81.24 158.1 0.013 0.025 13.83 19.45 6.403 9.005 22.33 43.74 66.458 130.179 117.40 221.29 0.073 0.139

IW-22 2/11/2009 3.446 6.250 0.001 0.001 0.7086 0.8402 0.328 0.435 1.258 1.366 3.744 4.065 5.41 8.56 0.004 0.005

PAW-23 1129/2009 252.6 280.8 0.041 0.045 46.90 48.34 21.713 22.380 34.73 39.69 103.363 118.125 334.23 368.63 0.125 0.141

8W-24 2/10/2009 0.9719 0.7318 0.000 0.000 0.4196 0.3611 0.194 0.167 0.1452 .0.048586) 0.432 0.000 1.54 1.09 0.001 0.000

72 2/10/2009 10.92 12.75 0.002 0.002 3.305 2.294 1.530 1.062 4.309 6.349 12.824 18.899 18.53 21.39 0.014 0.020

Notes:
Conversion from pCi/L to pg/L carred to t000ths (0.000). ActMty reported to 4 signifcant digts.

* Mass concentration calculated using specific asoiit of each isotope and summing concentrations.
b Negative acfily in pCVL is not used in the calculation of the conversion to concentration (pg/L or rag/L).

T"tb7.sb-I8FEB1O0 8

yg/L - micrograms per liter
mg/L - miligrams per liter

pCiL - picocuries per liter
U - uranium

Bald - indicates concentration above new Maximum Contaminant Level for
uranium of 0.030 mg/L as of 12/8/03 (USEPA 2002)
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Mr >1.0 mg/L.
M >0.l mgIL

S>0.006 mg/IL
-Approxmat. ISDOple
-Ifferrecilsople@m

TCE Concentrations,
February, 2009NOTES:

ragl - miligrams per liter
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U - Non-Detect:
J - Estimated
- - Not used in contouring
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Cis-I,2DCE: Concentrations,
February 2009.
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U - Non-Detect
J - Estimated
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VInyl ChM
>1.0

- >0.1
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Vinyl Chloride Concentrations,
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* -April 2009 data indcated a lower concentration
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concentration contour.
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NUCLEAR FUEL SERVICES, ERWIN, TENNESSEE
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NOTES:
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BOLD - exceeds 0.030 mgA.
maximum contamnat level.
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0 ARCADIS
Infrastructure, environment, facilities

ARCADIS U.S., Inc.

114 Lovell Road

Suite 202

Knoxville

Tennessee 37934

Tel 865.675.6700

Fax 865.675.6712

www.arcadis-us.com

Mr. Scott Morie
Nuclear Fuel Services, Inc.
1205 Banner Hill Road
Erwin, Tennessee 37650

BOS 1000 Injection Services
Industrial Park Facility
Nuclear Fuel Services, Inc.
Erwin, Tennessee

ENVIRONMENT

Date:

30 March 2007
Dear Mr. Morie:

ARCADIS has prepared this letter report to document the implementation of the

in-situ remediation activities conducted at the above-referenced location. The

adjacent property is located to the west of the Nuclear Fuel Services, Inc. (NFS)

Industrial Park Facility (Exhibit 1 ). The objective of the application of BOS 100@ is

to treat chlorinated solvent contaminated groundwater with an in-situ technique

such that migration to surface water will not result in concentrations exceeding

standards. The field work for remediation activities was conducted by ARCADIS

and its subcontractor, M&W Drilling, Inc. Field activities began on February 12, 2007,

and were successfully completed on March 1, 2007.

A total of 250 injection points were spaced triangularly in five rows (Rows A, B, C,

D, and E) on 5-feet (ft) centers in an area approximate 250 ft long and 20 ft wide

(Exhibit 2). The reagent application was applied using the top down method; that is,

the injections began at the top at 8 ft below ground surface (bgs) and were continued

down to 20 ft bgs, or refusal, at each of the 250 locations (Appendix A). The DPT rig

2-inch outer rod and 1-inch inner rod were first inserted to a depth of 8 ft bgs, then

the rods were withdrawn 2 ft and the inner rod was removed. A hose connector was

then attached to the 2-inch rod, then connected to the injection system. Rods were

decontaminated between each borehole with a pressure washer.

Attempts were made to inject at least 10 to 15 gallons of reagent at each vertical

injection point, and a total of approximately 5 pounds of BOS 100® per vertical

injection; however, if the reagent was noted surfacing to the ground at various

intervals, the injection was immediately stopped and extended to the next interval

unless rod refusal occurred. Tables 1 through 5 provide a summary of each

Contact:
Paul Preston
Berny llgner

Phone:

Paul - ext. 3110
Berny- ext. 3112

Email:

paul .preston@arcadis-
us.com
berny.ilgner@arcadis-
us.com

Our ref

TNNFS606.BOSS

(

Imagine the result
070308-TNFS-.TR-051



ARCADIS Mr. Scott Morie
30 March 2007

borehole, including the total depth/refusal of each borehole, total gallons injected at

each borehole, and the estimated pounds of BOS 100® in each borehole

(Appendix B).

All borehole locations were grouted with bentonite chips upon completion of each

injection. The injections resulted in a total of approximately 8,929 pounds of BOS 100@
injected over the 250 borehole locations across the site. On March 8, 2007, the

application, storage, and decontamination areas were re-seeded, fertilized, and

covered with straw, and the forty-two 55-gallon drums that formerly contained BOS

100® material were decontaminated and disposed of at a metal recycler (Appendix C).

ARCADIS appreciates the opportunity to provide services to NFS and looks forward

to continuing work in the future. Should you have anyquestions or need additional

information, please contact on of the undersigned.

Sincerely,

ARCADIS U.S., Inc.

P M. Preston, PE
Project Engineer

Berny D. Ilgner, PG
Vice President

WMB/bf

Page:
2/5070308-TNNFS-LTR-051



ARCADIS

Table 1. BOS 100® Summary Table -Row A
Nuclear Fuel Services, Inc. Impact Plastic Facility Erwin, Tennessee

Total Total Estimated
Borehole Gallons Total Pounds

Injection Depth Reagent BOS 100e Injected
Location (feet) Injected

A-1
A-2
A-3
A-4
A-5
A-6
A-7
A-8
A-9

A-10
A-11
A-12
A-13
A-14
A-15
A-16
A-17
A-18
A-19
A-20
A-21

A-21A
A-22
A-23

A-23A
A-24
A-25
A-26
A-27
A-28
A-29
A-30
A-31
A-32
A-33
A-34
A-35
A-36
A-37
A-38
A-39
A-40
A-41
A-42
A-43
A-44
A-45
A-46
A-47
A-48
A-49
A-50

100
100
100
100
100
75
45

100
75
25
65
70
70
45
70
101
65
105
59
90
105
100
120
90
105
100
70
65
90
70
60
65
65
65
65
30
45
38
40
90
90
80
8o
80
60
50
80

110
90
80
70
40

Estimated Total Pounds Injected:

46
46
46
46
46
35
21
46
35
12
30
32
32
21
32
46
30
48
27
41
48
46
55
41
48
46
32
30
41
32
28
30
30
30
30
14
21
17
18
41
41
37
37
37
28
23
37
51
41
37
32
18

1816

ft - feet
lbs/gal - pounds per gallon

T41691.xls - 20MAR07 If



ARCADIS

Table 2. BOS 100® Summary Table - Row B
Nuclear Fuel Services, Inc. Impact Plastic Facility Erwin, Tennessee

Total Total Estimated
Borehole Gallons Total Pounds

Injection Depth Reagent BOS 100® Injected
Location (feet) Injected (0.46 lbs/gal)

B-1
B-2
B-3
B-4
B-5
B-6
B-7
B-8
B-9

B-10
B-1I
B-12
B-13
B-14
B-15
B-16
B-17
B-18
B-19
B-20
B-21
B-22
B-23
B-24
B-25
B-26
B-27
B-28
B-29
B-30
B-31
B-32
B-33
B-34
B-35
B-36
B-37
B-38
B-39
B-40
B-41
B-42
B-43
B-44
B-45
B-46
B-47
B-48
B-49

15
19
12
13
11
11
13
11
12
18
18
15
9
18
20
18
12
14
14
19
20
20
13
20
20
15
12
20
12
13
12
12
12
12
11
11
11
11
11
11
12
14
12
12
12
11
12
11
12

53
100
54
80
31
65
55
55
65

100
105
110
10

100
85

100
70
70
80
90

110
95
70

100
100
105
65
90
45
30
75
55
60
75
50
70
75
50
31
70
80
80
80
80
80
80
80
90
70

Estimated Total Pounds Iniected

24
46
25
37
14
30
25
25
30
46
48
51
5

46
39
46
32
32
37
41
51
44
32
46
46
48
30
41
21
14
35
25
28
35
23
32
35
23
14
32
37
37
37
37
37
37
37
41
32

1665

ft- feet
lbs/gal - pounds per gallon

T41692.xls - 20MAR07 If



ARCADIS

Table 3. BOS 1000 Summary Table-Row C
Nuclear Fuel Services, Inc. Impact Plastic Facility Erwin, Tennessee

Total Total Estimated
Borehole Gallons Total Pounds

Injection Depth Reagent BOS 100® Injected
Location (feet) Injected (0.46 lbs/gal)

C-1
C-2
C-3
C-4
C-5
C-6
C-7
C-8
C-9
C-10
C-11
C-12
C-13
C-14
C-15
C-16
C-17
C-18
C-19
C-20
C-21
C-22
C-23
C-24
C-25
C-26
C-27
C-28
C-29
C-30
C-31
C-32
C-33
C-34
C-35
C-36
C-37
C-38
C-39
C-40
C-41
C-42
C-43
C-44
C-45
C-46
C-47
C-48
C-49

90
51
100
70
85
31
75
65
70
100
90
100
100
105
100
85
70
70
120
90
80
105
85
65
60
35
70
38
85
70
42
40
40
70
30
65
110
80
80
80
80
70
80
80
80
80
100
90
110

Estimated Total Pounds Injected

41
23
46
32
39
14
35
30
32
46
41
46
46
48
46
39
32
32
55
41
37
48
39
30
28
16
32
17
39
32
19
18
18
32
14
30
51
37
37
37
37
32
37
37
37
37
46
41
51

1733

ft - feet

lbs/gal - pounds per gallon

T41693.xAs - 20MAR07 Itf



ARCADIS

Table 4. BOS 100® Summary Table - Row D
Nuclear Fuel Services, Inc. Impact Plastic Facility Erwin, Tennessee

Total Total Estimated
Borehole Gallons Total Pounds

Injection Depth Reagent BOS 10 00 Injected
Location (feet) Injected (0.46 lbs/gal)

D-1
D-2
D-3
D-4
D-5
D-6
D-7
0-8
0-9

D-10
D-1 1
D-12
D-13
D-14
D-15
D-16
D-17
D-18
D-19
D-20
D-21
D-22
D-23

D-23A
D-24
D-25
D-26
D-27
D-28
D-29
D-30
D-31
D-32
D-33
D-34
D-35
D-36
D-37
D-38
D-39
D-40
D-41
D-42
D-43
D-44
0-45
D-46
D-47
D-48

D-49

17
17
20
18
20
11
11
11
20
18
13
13
20
12
18
11
12
14
16
12
12
13
12
13
20
13
12
12
13
12
12
18
12
12
13
12
16
12
11
11
12
12
11
12
13
11
15
16
13

13

100
100
100
110
100
31
70
68
100
105
60
40

100
70
100
70
70
75
105
66
45
95
36
65
100
65
75
45
70
75
50
100
26
70
80
65
120
90
60
80
80
80
80
80
80
80
110
110
80

46
46
46
51
46
14
32
31
46
48
28
18
46
32
46
32
32
35
48
30
21
44
17
30
46
30
35
21
32
35
23
46
12
32
37
30
55
41
28
37
37
37
37
37
37
37
51
51
37

90 41

Estimated Total Pounds Injected: 1804

ft - feel
lbs/gal - pounds per gallon

T41694.xls - 20MAR07 If



ARCADIS

Table 5. BOS 1 0 0 ® Summary Table - Row E
Nuclear Fuel Services, Inc. Impact Plastic Facility Erwin, Tennessee

Total Total Estimated
Borehole Gallons Total Pounds

Injection Depth Reagent BOS 1000 Injected
Location (feet) Injected (0.46 lbs/gal)

E-1
E-2
E-3
E-4
E-5
E-6
E-7
E-8
E-9

E-10
E-11
E-12
E-1 3
E-14
E-1 5
E-16
E-17
E-18
E-19
E-20
E-21
E-22
E-23
E-24
E-25
E-26
E-27
E-28
E-29
E-30
E-31
E-32
E-33
E-34
E-35
E-36
E-37
E-38
E-39
E-40
E-41
E-42
E-43
E-44
E-45
E-46
E-47
E-48
E-49

E-50

20
13
11
11
11
11
13
16
20
11
19
12
12
20
19
10

12
20
20
20
20
11
12

13
13
12
13
15
15
18
11
12
11
11
12
12
11
12
39
12
13
11
15
12
12
12
12
13
16

12

90
65
80
77
60
35
80

110
115
95
110
70
70
105
100
30
70
100
90
90
132
95
65
80
75
75
65
51
70

110
50
80
65
70
100
100
90
80

110
80
80
80

110
80
80
80
90
90
90

41
30
37
35
28
16
37
51
53
44
51
32
32
48
46
14
32
46
41
41
61
44
30
37
35
35
30
23
32
51
23
37
30
32
46
46
41
37,
51
37
37
37
51
37
37
37
41
41
41

90 41

Estimated Total Pounds Injected: 1911

ft - feet
Ibs/gal - pounds per gallon

T41695.xls-20MAR07If
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Appendix A

Site Photographs

070308-TNNFS-LTR-051
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Appendix B

Field Notes

070308-TNNFS-LTR-051
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Environmental, Inc.
11054 Terrapin Station Lane
Knoxville, TN 37932

NON-HAZARDOUS MATERIAL
DISPOSAL MANIFEST,

Manifest Number: 070803

GENERATOR INFORMATION

Nuclear Fuel Services
1080 S Industrial Dr
Erwin, TN 37650

Contact Person: Bill Baily
Contact Phone: (865)675-6700ext3138

CERTIFICA TION: This is to certify the below named waste materials are properly marked, labeled, classified, packaged
and described and in the proper condition for transportation in accordance with the applicable regulations of the Department
of Transportation.

Generator or Authotizeb/Agent for Generator
,?, e- c>77'

Date

NON-HAZARDOUS MATERIAL INFORMATION
Description

empty drums

Quantity

42

TRANSPORTER INFORMATION

SEI Environmental
11054 Terrapin Station Lane
Knoxville, Tennessee

Contact Person: Fred Dixon
Contact Phone: (865)765-3130

CERTIFICATION: This is to certify that the above named waste materials were picked-up from the above named Generator
and the transportation portion of this manifest is correctly filled out to the best of my knowledge.

Driver Signature -7 6 ( . Date of Pickup: . - O0" -0 7

DISPOSER INFORMATION

Cash Metals
7826 Old Rutledge Pk.
Knoxville, TN 37924

Contact Person:
865-932-1112Contact Phone:

CE TIFICA ON: This is t, certify that the above named waste material has been received and accepted for disposal in a
m ne(purs ant to all 'ed ral, State and County or Municipal regulations and guidelines to the best of my knowledge.

Authorized Agent for s6poser Date1



0ARCADIS
Appendix A
Site Photographs
Nuclear Fuel Services, Inc.
Erwin, Tennessee
TNNFS606.BOSS.00002

Photograph A-1.
BOS 1000 Application -
Injection system and OPT rig.
Photographed February 2007.

Photograph A-2.
BOS 100 Applcation -

Injection of SOS 1006.
Phobpphed Femuary 2007.

1



CARCADIS Appendix A
Site Photographs
Nuclear Fuel Services, Inc.

Erwin, Tennessee
TNNFS606.BOSS.00002

Photograph A-3.
BOS 1000 Application -
55-gallon drum of BOS W00.
Photographed February 2007.

Photograph A4
*OS 1000 ApMcation -

Mb*ngank.
Photogr*W February 2007.
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C2 ARCADIS Appendix A
Site Photographs
Nuclear Fuel Services, Inc.
Erwin, Tennessee
TNNFS606.BOSS.00002

Photograph A-5.
BOS 1 00 Applcation -
Grouting of borehole after Injection.
Photographed February 2007.
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• u 1205 banner hill road n erwin, tn 37650 u phone 423.743.9141
M www.nuclearfuelservices.com

NUCLEAR FUEL SERVICES, INC.
a Subsidiary of The Babcock & Wilcox Company

CERTIFIED MAIL
RETURN RECEIPT REQUESTED

21G-10-0008
GOV-05-OI-03
ACF-IO-0015

January 28, 2010

Mr. Mike Apple
Director, Division of Solid Waste Management
Tennessee Department of Environment & Conservation
Fifth Floor, L&C Tower
401 Church Street
Nashville, Tennessee 37243-1535

References:

Subject:

1) Permit, Nuclear Fuel Services, Inc., Erwin, Tennessee, EPA ID: TND 00 309
5635, TN Permit No.: TN HW-108, September 30, 2002

2) Letter, Jamie Burroughs to Marie Moore, dated January 10, 2003
3) NFS letter, B.M. Moore to Mr. Mike Apple, TDEC, dated January 16, 2009

(21G-09-0007)

FACILITY ACTION PLAN. REVISION 7

Dear Mr. Apple:

Enclosed is the Nuclear Fuel Services, Inc. (NFS) Facility Action Plan (FAP), Revision 7, as required in
References I and 2 above. This is the update to the FAP submitted in Reference 3 above. The plan was
updated to reflect discussions during the FAP meetings held on June 11, 2009, and December 17, 2009.

If you .or your staff have any questions, require additional information, or wish to discuss this, please
contact me, or Scott Morie, Decommissioning Environmental Manager at (423) 735-5616. Please
reference our unique document identification number (21 G-10-0008) in any correspondence concerning
this letter.

Sincerely,

NUCLEAR FUEL SERVICES, INC.

4/'2f
B. Marie Moore
Safety & Regulatory

Enclosure
CSM/pj

nuclear fuel services, inc., a subsidiary of The Babcock & Wilcox Company
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FACILITY ACTION PLAN

Revision 7

for

NUCLEAR FUEL SERVICES, INC.ERWIN, TENNESSEE

Prepared for:

Tennessee Department of Environment & Conservation

Prepared by.

Nuclear Fuel Services, Inc.
Erwin, Tennessee

January 2010
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Section Description of Changes
Cover Page Changed "Revision 6" to "Revision 7."
Cover Page Changed "2009" to "2010."
Entire Document Reformatted for consistency.
Table of Contents Modified Table of Contents to reflect correct pages and dates of

this document.
List of Tables Modified List of Tables and page numbers to reflect this

document.
1.3 Added sentence at the end of section stating "Note: Beginning in

2010 the biannual FAP meeting will become an annual FAP
meeting as directed by TDEC."

2.2 Changed the groundwater elevation levels to reflect 2009 data.
2.3.1.1.2 Modified section to reflect activities that occurred in 2009.
2.3.1.2.2
2.3.1.6.2
2.3.3.2
3.0 Modified section to reflect planned activities for 2010.
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FACILITY ACTION PLAN

1.0 INTRODUCTION

Nuclear Fuel Services, Inc. (NFS) is a participant in the Facility Action Plan (FAP) process by
the Division of Solid Waste Management (DSWM) of the Tennessee Department of
Environment and Conservation (TDEC) in order to accelerate corrective action at Resource
Conservation and Recovery Act (RCRA) Solid Waste Management Units (SWMUs) and Areas
of Concern (AOCs). The FAP is a requirement of this process.

1.1 Purpose

The purpose of this FAP is to meet requirements of condition VI.J.6 of TNHW-108, provide
background information on SWMUs and AOCs, provide the status of SWMUs and AOCs, and to
outline the planned work.

1.2 Scope

The scope of this FAP is to describe the SWMUs and AOCs identified in TNHW-108. The FAP
will be updated annually. Any newly identified SWMUs and/or AOCs will be added to the FAP,
and their regulatory requirements and plan of action will be identified and described.

1.3 Objective

The objectives of this FAP are as follows:

1) describe each*SWMU and AOC;
2) describe the regulatory requirement;
3) describe the planned activity associated with them;
4) Incorporate comments and agreed upon plan of action resulting from NFS discussions

with TDEC during the biannual FAP meeting. Note: Beginning in 2010 the biannual
FAP meeting will become an annual FAP meeting as directed by TDEC.

2.0 SITE DESCRIPTION

5
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2.1 Facility Background

The NFS Facility is located in northeast Tennessee within the city limits of the Town of Erwin in
Unicoi County. The property consists of approximately 70 acres of land. The site is bordered on
the south and east by Banner Hill road and private residences. The CSX Railroad right-of-way
parallels the site boundary on the northwest. An industrial park is located northwest of the
railroad in which property is owned by NFS (NFS IPF), CSX Railroad, and Impact Plastics, Inc.
Martin Creek bounds the site to the northeast, with privately owned and vacant low density
residential land on the opposite side of the creek.

No water supply wells are located between NFS and the Nolichucky River. The closest
municipal well to the NFS site is the Erwin Utility Railroad Well. Groundwater withdrawn from
the Railroad Well does not originate beneath or downgradient from the NFS site (Geraghty and
Miller 1996).

2.2 Site Hydrogeology

The NFS site is located in the alluvial valley of the Nolichucky River. The site is underlain by 0
to 30 feet of unconsolidated alluvium consisting of silts and clays, clayey sand, and sand with
varying amounts of gravel and cobble. The alluvium coarsens with depth into cobbles and
boulders. This cobble/boulder zone overlies weathered, fractured, bedrock consisting of steeply
dipping beds of shale or shale interbedded with dolomite and siltstone (EcoTek 1994).

Both the alluvium and shallow bedrock contain groundwater under unconfined conditions. No
laterally continuous physical separation exists between the two lithologies. Recharge to the
alluvium and shallow bedrock is predominantly from downward infiltration of rainwater through
the vadose zone. Some upward component of flow is evident within the deeper bedrock (50+
feet), which is probably the result of higher elevation recharge through fracture systems in the
mountains to the southeast. Measured heads in the bedrock wells are consistent with and
indicative of a nonfractured dominated flow regime. The thinly bedded, poorly competent nature
of the bedrock may contribute to flow patterns more analogous to the porous media model than
the fracture flow model. Limited evidence, such as high well yields, exists for structure or
fracture controlled movement of groundwater in the deeper zone (EcoTek 1994).

Groundwater flow is generally towards the north-northwest. Groundwater elevations ranged
from approximately 1618 to 1636 feet above mean sea level during 2009.

A more detailed description of the site hydrogeology can be found in the "Revised Groundwater
Flow and Solute-Transport Modeling Report," February 1999 (ARCADIS 1999).

6
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2.3 SWMUs and AOCs/Requirements

The twenty-four (24) SWMUs and seven (7) AOCs are described in Table A-I (Appendix A).
The SWMU and AOC requirements consist of interim measures, institutional controls,
groundwater remediation under AOC groundwater, and no further action required. The SWMUs
and AOCs have been grouped according to their applicable requirements for discussion
purposes.

2.3.1 SWMUs and AOCs Requiring Interim Measures

2.3.1.1 SWMU 1 - Impoundments 1, 2, and 3

2.3.1.1.1 Site Description -

SWMU 1 is located northeast of plant production facilities and consists of Impoundments 1, 2,
and 3. The impoundments were constructed between 1957 and 1963 to retain process
wastewater generated from operations associated with the production of nuclear materials. The
unlined impoundments were excavated to depths of approximately four feet and enclosed by low
earthen berms. The impoundments were usedfrom the beginning of plant operations in 1957
through 1978. In 1978, use of the impoundments ceased concurrent with the start-up of the NFS
wastewater treatment plant.

The three impoundments contained approximately 91,000 cubic feet of waste material.
Predominant radiological contaminants in waste were isotopes of uranium and thorium. RCRA
hazardous constituents detected in waste samples prepared by the Toxicity Characteristic
Leaching Procedure (TCLP) included tetrachloroethylene, trichloroethylene, barium, cadmium,
chromium, and lead. Waste from Pond 2 was characteristically hazardous for
tetrachloroethylene and cadmium. The potentially affected media include air, soil, surface water,
and groundwater.

Waste removal and processing began in August 1991 at Pond 3. Wastes were removed as a
slurry by dredge, pumped to mixing tanks, treated for hazardous constituents and dewatered
using a filter press. The filter cake was disposed of as low-level radioactive waste at a licensed
burial facility. Waste removal from Ponds 1, 2, and 3 was completed in September 1993, August
1994, and May 1994, respectively.

2.3.1.1.2 Proposed Plan -

Soil removal is complete for this SWMU. Effectiveness sampling is complete for this SWMU.
The groundwater portion of the potentially affected media has been converted to AOC GW.
Ten percent (10%) of the radiological effectiveness sample locations were sampled for RCRA
constituents on a random basis for this SWMU. RCRA effectiveness sampling consisted of
analyzing for the parameters shown in Table A-2 of Appendix A. Results show that all samples

7
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are below the Regional Screening Levels for Chemical Contaminants at Superfund Sites for
Industrial soil.

2.3.1.2 SWMU 2 - Pond 4

2.3.1.2.1 Site Description -

SWMU 2 (i.e. "Pond 4") was used for waste storage and disposal from approximately 1957 to
1966. Waste materials consisting of press cake, incinerator ash, sludges, drums, buckets,
conduit, pipes, old equipment and general trash were placed in the area and covered with soil.
Building 410 was constructed over this area and the waste debris has been removed. The
potentially affected media include soil, surface water, and groundwater. Excavation of the Pond
4 debris began in August 1994 and was completed in December 1996. The remaining
contaminated soil will be excavated.

2.3.1.2.2 Proposed Plan -

Soil removal and effectiveness sampling is complete for a portion of the SWMU. Additional soil
removal and effectiveness sampling is planned. The groundwater portion of the potentially
affected media has been converted to AOC GW. Ten percent (10%) of the radiological
effectiveness sample locations will be sampled for RCRA constituents on a random basis. RCRA
effectiveness sampling will consist of analyzing for the parameters shown in Table A-2 of
Appendix A. Results show that one area requires additional removal and effectiveness sampling
to get below the Regional Screening Levels for Chemical Contaminants at Superfund Sites for
Industrial soil.

2.3.1.3 SWMU 3 - Building 110 Complex Underground Storage Tank (UST)

2.3.1.3.1 Site Description -

SWMU 3 is the Underground Storage Tank (UST) at the Building 110 Complex. Building 1 OC
was used as a wet chemistry support laboratory. The underground storage tank (UST), a 55-
gallon stainless steel drum (2 feet diameter), was located approximately eight feet north of
Building 11 OC and 18 inches below ground level. According to site personnel, the UST was
used in the 1960s for managing laboratory waste, including effluent from glove box drains. The
potentially affected media in this area include soil and groundwater.

2.3.1.3.2 Proposed Plan -

SWMU 3 is located within the Building 410 area (SWMU 2). Therefore, the proposed plan for
SWMU 3 is identical to SWMJU 2. The groundwater portion of the potentially affected media
has been converted to AOC GW. Ten percent (10%) of the radiological effectiveness sample

8



21T-10-0052
GOV-05-01-03

NFS FAP Rev. 7
locations were sampled for RCRA constituents on a random basis. RCRA effectiveness
sampling consisted of analyzing for the parameters shown in Table A-2 of Appendix A.

2.3.1.4 SWMU 4 - Yard Incinerator

2.3.1.4.1 Site Description -

SWMU 4 is an incinerator, which was located within the boundaries of SWMU 2. The
incinerator was used to incinerate office waste from 1970 to 1990. The potentially affected
media in this area include air, soil, and surface water.

2.3.1.4.2 Proposed Plan -

SWMU 4 is located in the Building 410 area (SWMU 2). Therefore, the proposed-plan for
SWMU 4 is identical to SWMU 2. The groundwater portion of the potentially affected media
has been converted to AOC GW. Ten percent (10%) of the radiological effectiveness sample
locations will be sampled for RCRA constituents on a random basis. RCRA effectiveness
sampling will consist of analyzing for the parameters shown in Table A-2 of Appendix A.

2.3.1.5 SWMU 6 - Abandoned Banner Spring Branch (BSB) Stream Channel

2.3.1.5.1 Site Description -

SWMU 6, the abandoned channel of Banner Spring Branch, is located within the boundaries of
SWMU 2. SWMU 6 received supernate from three surface impoundments (SWMU 1) from
approximately 1957 to 1968. The potentially affected media in this area include soil and
groundwater.

2.3.1.5.2 Proposed Plan -

SWMU 6 is located within the boundaries of SWMU 2. Therefore, the proposed plan for
SWMU 6 is identical to SWMU 2. The groundwater portion of the potentially affected media
has been converted to AOC GW. Ten percent (10%) of the radiological effectiveness sample
locations were sampled for RCRA constituents on a random basis. RCRA effectiveness
sampling consisted of analyzing for the parameters shown in Table A-2 of Appendix A.

2.3.1.6 SWMU 7 -Soil Stockpile

9
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2.3.1.6.1 Site Description -

SWMU 7 was a mound of soil contaminated with low levels of uranium, thorium and plutonium.
From 1957 to 1977, process wastes containing low-level concentrations of uranium and thorium
were discharged to three NFS surface impoundments. Banner Spring Branch received
supernatant from these impoundments resulting in contamination of stream sediments. In 1967,
the channel of Banner Spring Branch was relocated to divert stream flow into Martin Creek
approximately 200 feet upstream from its previous confluence. Contaminated soils from the
former streambed were excavated between 1980 and 1984 and stored in the location, which is
SMWU 7. Potentially affected media include soil and surface water.

The soil stockpile has been removed and contaminated soils were disposed of at a licensed
radioactive burial facility.

2.3.1.6.2 Proposed Plan -

The soil pile has been removed. Soil removal and effectiveness sampling is complete. Ten
percent (10%) of the radiological effectiveness sample locations were sampled for RCRA
constituents on a random basis. RCRA effectiveness sampling consisted of analyzing for the
parameters shown in Table A-2 of Appendix A. Preliminary results indicate all samples are
below the Regional Screening Levels for Chemical Contaminants at Superfund Sites for
Industrial soil.

2.3.1.7 SWMU 9 - Radiological Burial Ground (RBG) Trenches

2.3.1.7.1 SiteDescription -

SWMU 9 is the Radiological Burial Ground. Between 1966 and 1977, NFS disposed of low-
level radioactive waste by on-site shallow land burial in accordance with NRC regulations (10
CFR 20.304). Waste materials predominantly consisted of contaminated equipment,
construction debris, laboratory waste, and process waste (e.g., filter "press cake").
Radionuclides contained in the waste primarily consisted of low-level thorium and uranium, with
enrichments ranging from depleted to 97 percent; however, records indicate small amounts of
Plutonium-239 and Uranium-233 in trench 69-6. The total radioactive inventory from all of the
burial trenches within SWMU 9 is estimated as slightly greater than 800 mCi. Radionuclides of
importance are Thorium-232 (892 kg), Uranium-238 (275 kg), and Uranium-235 (11.5 kg).
Liquid wastes and small amounts of waste mercury were also buried in several of the trenches.
Potentially affected media include soil and groundwater.

2.3.1.7.2 Proposed Plan -

Soil removal has been completed and effectiveness sampling is planned. The groundwater
portion of the potentially affected media has been converted to AOC GW. Ten percent (10%) of
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the radiological effectiveness sample locations will be sampled for RCRA constituents on a

random basis. RCRA effectiveness sampling will consist of analyzing for the parameters shown

in Table A-2 of Appendix A.

2.3.1.8 AOC 5 - BSB Stream Channel

2.3.1.8.1 Site Description -

AOC 5 is located northeast of plant production facilities. The channel of Banner Spring Branch
from approximately 1967 to 2003 is designated as AOC 5. In September 2003 the channel of
Banner Spring Branch was relocated by burying it in a culvert from its source to Martin Creek.
Banner Spring Branch has no known unregulated releases; however, it was a potential receptor
of pond overflow because of its location between the surface impoundments. Potentially
affected media consist of surface water.

2.3.1.8.2 Proposed Plan -

Relocation of Banner Spring Branch was completed in September 2003. A portion of the
excavation of the channel and a portion of the effectiveness sampling is complete. More
excavation and effectiveness sampling is planned. Ten percent (10%) of the radiological
effectiveness sample locations will be sampled for RCRA constituents on a random basis. RCRA
effectiveness sampling will consist of analyzing for the parameters shown in Table A-2 of
Appendix A.

2.3.2 SWMUs and AOCs Requiring Institutional Controls

2.3.2.1 SWMU 13 - Building 111 Bulk Chemical Storage Area

2.3.2.1.1 Site Description -

The Bulk Chemical Storage Area at Building 111 (SWMU 13) was used to store process
chemical products from initial operations in 1957 until March 1992. In 1992, tanks were
relocated to the Bulk Chemical Storage Area at the southwest portion of the plant's protected
area. The storage tank and dike have been removed. Potentially affected media in this area
include soil, surface water, and groundwater.

2.3.2.1.2 Proposed Plan -

Institutional controls consisting of concrete to cover the soil in the area have been implemented.
Inspection of concrete occurs annually to ensure no soil is exposed. The groundwater portion of
the potentially affected media has been converted to AOC GW. Soil removal and effectiveness
sampling are planned at the end of plant life.
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2.3.2.2 SWMU 15 - Waste Water Treatment Facility (WWTF)

2.3.2.2.1 Site Description -

SWMU 15 is the WWTF. It has been in operation since 1975. There is no potentially affected
media for this area.

2.3.2.2.2 Proposed Plan -

Institutional controls consisting of concrete (building floor) to cover the soil in the area are
required. Inspection of the concrete floor occurs annually to ensure its integrity. Soil removal
and effectiveness sampling are planned at the end of plant life.

2.3.2.3 SWMU 16 - Radiological Incinerator

.2.3.2.3.1 Site Description -

SWMU 16 is the Radiological Incinerator at Building 302. The incinerator was operated from
1975 to April 1996 under an approved State of Tennessee Air Pollution Control Operating
Permit.

The main purpose of the incinerator was to facilitate recovery of uranium from combustible
materials. After incineration, ash was transferred to NFS' High Enriched Uranium Recovery
Facility for uranium recovery. The incinerator was also used to reduce the volume of low-level
combustible materials prior to disposal at a licensed radioactive waste disposal facility.
Potentially affected media include air and soil.

2.3.2.3.2 Proposed Plan -

Institutional controls consisting of controlled access and concrete (building floor) to contain any
potential contamination is in place. The concrete floor is inspected annually to-ensure the
integrity of the concrete floor. Soil removal and effectiveness sampling are planned at the end of
plant life.

2.3.2.4 SWMU 20 - Building 130 Scale Pit

2.3.2.4.1 Site Description -

SWMU 20 is the Building 130 Scale Pit. The scale pit was constructed in the late 1950s. This
structure was one of the first on site and was probably constructed concurrently with Building
130. The scales were used primarily for weighing cylinders containing uranium hexaflouride.
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The exact dates of operation of the scale could not be determined since records of its use are not
available; however, it is believed to have been utilized in the 1960s. The affected media include
soil and groundwater.

2.3.2.4.2 Proposed Plan -

Institutional controls consisting of concrete to cover the soil in the area have been implemented.
Inspection of concrete occurs annually to ensure no soil is exposed. The groundwater portion of
the potentially affected media has been converted to AOC GW. Soil removal and effectiveness
sampling are planned at the end of plant life.

2.3.2.5 SWMU 21 - 30,000 Gallon Diesel Above Ground Storage Tank (AST)

2.3.2.5.1 Site Description -

SWMU 21 is the 30,000-gallon above ground storage tank. SWMU 21 is located in the western
portion of the NFS site. SWMU 21 was used for diesel fuel (No. 2 fuel oil) storage from the mid
1970's to 1998. The fuel in the tank was used for heating purposes during winter months. The
tank was last used in 1998 and at that time the contents were pumped out of the tank and into
appropriate storage containers. There have not been any documented releases from the tank.
The tank was removed in October 2001. Potentially affected media include soil and
groundwater.

2.3.2.5.2 Proposed Plan -

Institutional controls consisting of gravel to cover the soil in the area have been implemented.
Inspection of gravel occurs quarterly to ensure no soil is exposed. The area has been built up
with approximately 4 feet of gravel and a new building has been constructed at this location. The
groundwater portion of the potentially affected media has been converted to AOC GW. Soil
removal and effectiveness sampling are planned at the end of plant life.

2.3.2.6 SWMU 25 - Underground Pipe on the West Side of Building 111

2.3.2.6.1 Site Description -

SWMU 25 is the underground pipe on the west side of Building 11. The pipe was installed in
1959, concurrently with the construction of Building 11, the first structure built on the site. The
ten inch pipe was used primarily for plant drainage and its use was discontinued in 1984 when
the new plant drainage was installed. In October 2007, NFS was performing excavation
activities immediately west of Building Ill to enhance the institutional control requirement for
SWMU 13 from gravel to concrete. During this excavation, a ten inch drainage pipe was located
within this area on the west side of Building 111. The pipe was located approximately 21 feet
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from Building 111 and was approximately 3 feet deep. The pipe within the excavated area was
removed along with the excavated soil. Potentially affected media include soil and groundwater.

2.3.2.6.2 Proposed Plan -

Institutional controls consisting of gravel, asphalt, and concrete to cover the soil in the area have
been implemented. Inspection of the area occurs quarterly to ensure no soil is exposed. The
groundwater portion of the potentially affected media has been converted to AOC GW. NFS
plans to conduct further characterization to determine the extent of PCB contamination in soil
and to determine the source of contamination to soil and groundwater. Once characterization is
complete, follow-up actions will be proposed and implemented. Soil removal and effectiveness
sampling are planned at the end of plant life.

2.3.2.7 AOC 2 - Building 111 Boiler Blowdown and Backwash Water

2.3.2.7.1 Site Description -

AOC 2 is the location previously occupied by three boilers, which provided heat and heat tracing
for the NFS facility from 1958 until 1991. Boilers #1 and #2, located in the east comer of
Building 11, were installed in 1958 and 1962, respectively. The third boiler located in the
southeast end of Building 111 was installed in 1977. In July 1991, boilers #1 and #2 were shut
down and removed from the plant; boiler #3 was relocated to Building 130. AOC 2, the "unit,"
as it refers to AOC 2, is blowdown from the three boilers, and backwash (and regeneration
water) from the water purification system deionizers and softeners. Potentially affected media
includes soil.

2.3.2.7.2 Proposed Plan -

Institutional controls consisting of pavement to cover the soil in the area and posting of signs
stating that the area is potentially contaminated have been implemented. Notification is required
before digging. Inspection of the signs occurs quarterly to ensure that the signs are present and
legible. Soil removal and effectiveness sampling is planned at the end of plant life.

2.3.2.8 AOC 3 - Building 130 Cooling Tower

2.3.2.8.1 Site Description -

AOC 3 is the Cooling Water Tower at Building 130. The purpose of the Cooling Water Tower
was to provide a means of storing, cooling, and recirculating non-contact plant process water.
The Cooling Water Tower supported operations conducted in numerous buildings at NFS from
1957-to 1992. Its use during that time was continuous, with demand increasing or decreasing
depending upon the type of work NFS had under contract. From 1958 until 1968, the Cooling
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Water Tower reservoir also served as a heat exchanger for a submerged recirculating coil
containing tetrachloroethylene, which was used in vacuum furnace operations in the 130
Building. Potentially affected media include soil and surface water.

2.3.2.8.2 Proposed Plan -

Institutional controls consisting of pavement to cover the soil in the area have been implemented.
Inspection of pavement occurs annually to ensure no soil is exposed. Soil removal and
effectiveness sampling is planned at the end of plant life.

2.3.2.9 AOC 4 - Storm Drainage System

2.3.2.9.1 Site Description -

AOC 4, the storm drainage system, has been operating in various capacities since the plant was
built in 1957. The system, which was developed to provide directed flow of storm water
throughout the plant, was expanded in 1984 with minor modifications subsequent to that time.
Potentially affected media include soil, surface water, and groundwater.

2.3.2.9.2 Proposed Plan -

Institutional controls consisting of pavement to cover the soil in the area and posting of signs
stating that the area is potentially contaminated have been implemented. Notification is required
before digging. Inspection of the signs occurs quarterly to ensure that the signs are present and
legible. The groundwater portion of the potentially affected media has been converted to AOC
OW. Soil removal action and effectiveness sampling are planned at the end of plant life.

2.3.2.10 AOC 6 - Building 220 Mercury Contaminated Soil

2.3.2.10.1 Site Description -

AOC 6 is an area of mercury-contaminated soil located immediately northeast of Building 220. It
is an area approximately 55 by 27 feet covered with soil and gravel. A concrete slab is present in
some areas of the site at a depth of approximately 0.5 feet beneath the soil. AOC 6 is surrounded
by asphalt pavement to the northeast, southeast, and northwest, and Building 220 to the
southwest. Potentially affected media includes soil.

2.3.2.10.2 Proposed Plan -

Institutional controls consisting of gravel to cover the soil in the area and posting of signs stating
that the area is potentially mercury contaminated have been implemented. Notification is
required before digging. Inspection of the signs occurs quarterly to ensure that the signs are
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present and legible. The gravel has been upgraded to pavement as an enhancement in this area.
Soil removal and effectiveness sampling are planned at the end of plant life.

2.3.3 AOC GW

2.3.3.1 Site Description -

AOC GW is site wide groundwater. AOC GW is a combination of SWMUs and AOCs that
require corrective measures for groundwater. AOC GW is a consolidation of SWMUs 1, 2, 3, 6,
9, 10, 14, 18, 20, and 21 and AOCs 4, 5, and 6.

2.3.3.2 Proposed Plan -

Groundwater will be sampled routinely for tetrachloroethylene, trichloroethylene,
dichloroethylene, and vinyl chloride, gross alpha and gross'beta activity. If the gross alpha
activity exceeds 15 picoCuries per Liter (pCi/L), then at a minimum, isotopic analysis for
uranium will be performed. If gross beta activity exceeds 50 pCi/L, then analysis for
technetium-99 will be performed.

Groundwater remediation is in progress at the Maintenance Shop area and is planned to continue
through 2010. The automated injection system was completed in 2009 for injecting a higher
volume of reagent in the area between the fences.

Groundwater monitoring will continue at the plant site after source term removal. Results from
groundwater monitoring will be used to determine appropriate remedial actions.

Off site Well 122A (TDOT Well) was sampled on a semi-annual basis. The most recent results
for Well 122A showed PCE detections below the drinking water MCL.

The Nolichucky River Backwater Area was sampled at three locations on a semi-annual basis.
The most recent results show that two of the three locations are above the maximum
contaminant level (MCL). These two areas are posted with a sign indicating that the water is
not a potable drinking water source in accordance with the TDEC Environmental Indicator
Memorandum (TDEC, 2004).

In February 2007, NFS implemented the BOS 100 technology on a one time injection at
approximately 250 locations just upgradient of the backwater area using direct-push technology.
BOS 100 is a reagent that consists of nanoscale iron coated with carbon that can be injected into
the subsurface using direct-push technology and a variety of pumping systems to create a
reactive curtain to treat chlorinated solvent contaminated groundwater via reductive
dechlorination.
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2.3.4 SWMUs and AOCs Requiring No Further Action at this Time

2.3.4.1 SWMU 8 - CSX Soil Excavation Site

2.3.4.1.1 Site Description -

SWMU 8 is located along the northwestern boundary of the NFS plant site. SWMU 8, the soil
excavation site on CSX property, designates a portion of the former channel of Banner Spring
Branch. The former streambed was contaminated with isotopes of uranium and thorium
classified as Low Specific Activity material. Contamination resulted from the discharge of
supernate to Banner Spring Branch from three surface impoundments (SWMU 1). SWMU 8
was active from approximately 1957 to 1967. In 1967, the stream was rerouted to its present
location. Contaminated soils comprising the area were excavated and stockpiled on NFS
property during the early 1980s (SWMU 7). The excavated area was released by the NRC for
unrestricted use in July 1987. Potentially affected media was groundwater.

2.3.4.1.2 Proposed Plan -

TDEC and the EPA have closed out this SWMU in a letter dated January 19, 1994. No further
action is required.

2.3.4.2 SWMU 10 - Demolition Landfill

2.3.4.2.1 Site Description -

SWMU 10 is the former Demolition Landfill. Between 1981 and 1984, NFS disposed of
nonradioactive and nonhazardous waste by on-site shallow land burial into the Demolition
Landfill. No disposal records exist for SWMU 10; however, plant personnel and previous
investigations have identified that the landfill was primarily used for disposal of construction
debris. Potentially affected media include soil and groundwater.

2.3.4.2.2 Proposed Plan -

TDEC approved No Further Action (NFA) for SWMU 10 in August 2004, therefore, no
additional measures are required.

2.3.4.3 SWMU 11 - CSX Burial Trenches

2.3.4.3.1 Site Description -

SWMU 11, the CSX burial trenches were located along the northwestern boundary of the NFS
plant site. SWMU 11 was located on land leased from CSX and consists of two trenches located
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within 50 feet west of, and roughly parallel to, NFS buildings 300 and 310. Each trench
measured about 18 feet wide by 275 feet long, with less than ten feet separation between the two
trenches. Maximum trench depth was approximately 10 feet in predominantly alluvial materials.
Burial trench contents consisted of low-level uranium and thorium contaminated scrap metals
and equipment. Excavation of the trenches was completed in June 2000. Potentially affected
media includes groundwater.

2.3.4.3.2 Proposed Plan -

TDEC and the EPA have closed out this SWMU in a letter dated January 19, 1994. No further
action is required.

2.3.4.4 SWMU 12- Permitted Hazardous Waste Management Storage Area

2.3.4.4.1 Site Description -

SWMU 12 is a permitted hazardous waste management storage area (HW Unit) located in the
310 Warehouse (Permit Number TN HW-066). It is a RCRA storage unit for liquid and non-
liquid wastes. It has been in operation since 1989. It is covered, enclosed, and is an access
controlled space. There is no potentially affected media.

2.3.4.4.2 Proposed Plan -

No further action is required.

2.3.4.5 SWMU 14 - Light Non-Aqueous Phase Liquid (LNAPL)

2.3.4.5.1 Site Description -

SWMU 14, the LNAPL, is located in the northwestern part of the NFS plant site, northwest of
Building 111, and northeast of Building 120. Potentially affected media is groundwater.

2.3.4.5.2 Proposed Plan -

The remediation of this groundwater will occur as part of AOC GW. No further action is
required.

2.3.4.6 SWMU 17 - Scrap-Recovery Incinerator
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2.3.4.6.1 Site Description -

SWMU 17 was a scrap-recovery incinerator. It was removed as part of Decommissioning
activities in Building 200. There is no potentially affected media.

2.3.4.6.2 Proposed Plan -

No further action is required.

2.3.4.7 SWMU 18- Building 105 UST

2.3.4.7.1 Site Description -

SWMU 18 was a 1,000 gallon UST located at Building 105. It was in operation from the late
1960s until the mid 1970s. The tank was removed in May 1991. Potentially affected media
include soil and groundwater.

2.3.4.7.2 Proposed Plan -

No further action is required.

2.3.4.8 SWMU 19- Building 100 UST

2.3.4.8.1 Site Description -

SWMU 19 was a 1,000 gallon number 2 fuel oil UST located at Building 100. It was in
operation from the late 1960s until the mid 1970s. The tank was removed in November 1991.
Potentially affected media include soil and groundwater.

2.3.4.8.2 Proposed Plan -

No further action is required.

2.3.4.9 SWMUs 22, 23, and 24 - Building 304 Hazardous Waste Unit

2.3.4.9.1 Site Description -

SWMUs 22, 23, and 24 are permitted Hazardous Waste units at the west end of Building 304
(Permit Number TN HW-108). Although permitted, they are not currently in use. SWMU 22 is
the RCRA storage unit for mercury mixed wastes. SWMU 23 is the RCRA treatment unit for
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mercury mixed wastes. SWMIU 24 is the RCRA miscellaneous unit (shredder) unit for mercury
mixed wastes. There are no potentially affected media from these units.

2.3.4.9.2 Proposed Plan -

No further action is required. NFS began removing this equipment in accordance with permit on
November 22, 2004 and the closure report was submitted to TDEC on April 7, 2005.

2.3.4.10 AOC I - Plant Scrubbers

2.3.4.10.1 Site Description -

AOC 1 consists of high-efficiency venturi demisting plant scrubbers that are currently in use.
There is no potentially affected media in these areas.

2.3.4.10.2 Proposed Plan -

No further action is required.

3.0 PROPOSED SCHEDULE FOR 2010

Activities planned for 2010 consist of:

1) Soil removal and effectiveness sampling for SWMUs 2, 6, 9, and AOC 5 may occur.
2) Quarterly inspections of SWMUs 13, 21, and AOCs 2, 4, and 6;
3) Annual inspections of SWMUs 15, 16, 20, 25, and AOC 3; and
4) Continuation of the full-scale in-situ reactive zone (IRZ®) technology for groundwater

remediation near the maintenance shop area.
5) Continue with the full-scale Ferrous Sulfate injections in the groundwater remediation

area.
6) Continue sampling surface water in the backwater area at 3 locations and continue

sampling Well 122A as part of the semi-annual off site sampling program.
7) Continue with groundwater monitoring on and off site.
8) Continue using the automated zone.
9) Conduct further characterization activities for SWMU 25.

4.0 REFERENCES

ARCADIS Geraghty & Miller, Inc., 1999. Revised Groundwater Flow and Solute-Transport
Modeling Report. Nuclear Fuel Services, Inc./Erwin, Tennessee. February 1999.
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Ecotek, Inc., 1994. 1992/1993 Nuclear Fuel Services Hydrogeologic Investigation and
Monitoring Well Installation Program. June 1994.

Geraghty & Miller, Inc., 1996. Railroad well Capture Zone Analysis near the Nuclear Fuel
Services Facility. Erwin, Tennessee. June 14, 1996.

Tennessee Department of Environment and Conservation (TDEC), Division of Solid Waste
Management, Environmental Indicator Evaluation Memorandum Letter, Roger Donovan to B.
Marie Moore. November 19, 2004.
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Table A-1. Table of SWMUs and AOCs

SWMU Description Status
/AOC ______

SWMU 1 Impoundments 1, 2, and 3 Interim Measures
SWMU 2 Pond 4 Interim Measures
SWMU 3 Building 110 Complex Underground Storage Tank Interim Measures
SWMU 4 Yard Incinerator Interim Measures
SWMU 6 Abandoned Banner Spring Branch Stream Channel Interim Measures
SWMU 7 Soil Stock Pile Interim Measures
SWMU 8 CSX Soil Excavation Site No Further Action
SWMU 9 Radiological Burial Ground Trenches Interim Measures
SWMU 10 Demolition Landfill No Further Action
SWMU 11 CSX Burial Trenches No Further Action
SWMU 12 Permitted Hazardous Waste Management Area No Further Action
SWMU 13 Building 111 Bulk Chemical Storage Area Institutional Controls
SWMUJ 14 Light Non-Aqueous Phase Liquid No Further Action
SWMU 15 Waste Water Treatment Facility Institutional Controls
SWMU 16 Radiological Incinerator Institutional Controls
SWMU 17 Scrap Recovery Incinerator No Further Action
SWMU 18 Building 105 Underground Storage Tank No Further Action
SWMU 19 Building 100 Underground Storage Tank No Further Action
SWMIU 20 Building 130 Scale Pit Institutional Controls
SWMU 21 30,000 gallon Diesel Above Ground Storage Tank Institutional Controls
SWMU 22 Building 304 Hazardous Waste Unit No Further Action
SWMU 23 Building 304 Hazardous Waste Unit No Further Action
SWMU 24 Building 304 Hazardous Waste Unit No Further Action
SWMU 25 Underground Pipe on the West Side of Building 111 Institutional Controls
AOC 1 Plant Scrubbers No Further Action
AOC 2 Building 111 1,000 Gallon Tank Institutional Controls
AOC 3 Building 130 Cooling Tower Institutional Controls
AOC 4 Storm Drainage System Institutional Controls
AOC 5 Banner Spring Branch Channel Interim Measures
AOC 6 Building 220 Mercury Contaminated Soil Institutional Controls
AOC Site Wide Groundwater Groundwater
Groundwater Remediation under

AOC GW
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Table A-2. Regional Screening Levels for Chemical Contaminants at Superfund Sites

II Contaminant Residential Soil (mg/kg) Industrial Soil (mg/kg)

Arochlor-1254 0.22 0.74
Arsenic* 22 22
Benzene 1.1 5.6

Benz (a) anthracene 0.15 2.1
Benzo (a) pyrene 0.015 0.21

Benzo (b) fluoranthene 0.15 2.1
Benzo (k) fluoranthene 1.5 2.1

Beryllium 160 2000
Bis (2-ethylhexyl) 35 120
phthalate (DEHP)

Carbon tetrachloride 0.25 1.3
Chromium VI 230 1400

Dibenz (ah) anthracene 0.015 0.21
Indeno (1,2,3-cd) pyrene 0.15 2.1

Mercury 23 310
Tetrachloroethylene (PCE) 0.57 2.7

Trichloroethylene (TCE) 2.8 140
Vinyl chloride (VC) 0.060 1.7

* - Negotiated level with TDEC during FAP workshop meeting on March 18, 2003 and follow up letter April 23, 2003 (21G-03-0109)
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Mr. Mike Apple
Director, Division of Solid Waste Management
Tennessee Department of Environment & Conservation
Fifth Floor, L&C Tower
401 Church Street-
Nashville, Tennessee 37243-1535

References:

Subject:

1) Permit, Nuclear Fuel Services, Inc., Erwin, Tennessee,
EPA ID: TND 00 309 5635, TN Permit No.: TN HW-108, September 30, 2002

2) Letter, Jamie Burroughs to Marie Moore, dated January 10, 2003
3) NFS letter, B.M. Moore to Mr. Mike Apple, TDEC, dated

February 9, 2007 (21 G-07-0004)

FACILITY ACTION PLAN, REVISION 6

Dear Mr. Apple:

Enclosed is the Nuclear Fuel Services, Inc. (NFS) Facility Action Plan (FAP), Revision 6, as required in
References 1 and 2 above. This is the update to the FAP submitted in Reference 3 above. The plan was
updated to reflect discussions during the FAP meetings held on July 10, 2008 and December 11, 2008.

If you or your staff have any questions, require additional information, or wish to discuss this, please
contact me, or Scott Morie, Decommissioning Environmental Manager at (423) 735-5616. Please
reference our unique document identification number (21 G-09-0007) in any correspondence concerning
this letter.

Sincerely,

NUCLEAR FUEL SERVICES, INC.

B. Marie Moore
Director of Safety & Regulatory
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Nuclear Fuel Services, Inc.
Facility Action Plan, Revision 6 - January 2009

Section Description of Changes
Cover Page Changed "Revision 5" to "Revision 6."
Cover Page Changed "2008" to "2009."
Table of Contents Modified Table of Contents to reflect correct pages and dates of

this document.
List of Tables Modified List of Tables and page numbers to reflect this

document.
2.3 Modified the number of SWMUs to make it up to date.
2.3.1.1.2 Modified section to reflect activities that occurred in 2008.

Changed confirmatory to effectiveness.
2.3.1.2.2 Modified section to reflect activities that occurred in 2008 and

that are planned for 2009. Changed confirmatory to
effectiveness.

2.3.1.3.2, Changed confirmatory to effectiveness.
2.3.1.4.2,
2.3.1.5.2
2_3:1:6:2 Modifi~d ectiOn t*o-efiet aetti-es-that-occurred in 2008--and

that are planned for 2009. Changed confirmatory to
effectiveness.

2.3.1.7.2, Changed confirmatory to effectiveness.
2.3.1.8.2
2.3.2.1.2 Modified section to reflect activities that occurred in 2008.
2.3.2.2.2, Changed confirmatory to effectiveness.
2.3.2.3.2,
2.3.2.4.2,
2.3.2.5.2
2.3.2.6.2 Added section for SWMU 25.
2.3.2.7.2, Changed confirmatory to effectiveness.
2.3.2.8.2,
2.3.2.9.2,
2.3.2.10.2
2.3.3.2 Modified section to reflect activities that occurred in 2008.
3.0 Modified section to reflect planned activities for 2009.
Table A-I Added SWMU 25.
Table A-2 Incorporated new regional screening levels for chemical

contaminants at superfund sites.

2



Nuclear Fuel Services, Inc.
Facility Action Plan, Revision 6 - January 2009

TABLE OF CONTENTS

1.0 IN TR O D U CTIO N ..................................................................................................... 5
- 1.1 P u rp o se ........................................................................................................................ 5

1 .2 S c o p e ........................................................................................................................... 5
1.3 O bjectiv e ..................................................................................................................... 5

2.0 SITE D ESC R IPTIO N ................................................................................................. 6
2.1 Facility B ackground ............................................................................................... 6
2.2 Site H ydrogeology ................................................................................................. 6
2.3 SWMUs and AOCs/Requirements ......................................................................... 7

2.3.1 SWMUs and AOCs Requiring Interim Measures ........................................... 8
2.3.1.1 SWMU I -Impoundments 1, 2, and 3 ..................................................... 8
2.3.1.2 SW M U 2 - Pond 4 .................................................................................... 10
2.3.1.3 SWMU 3 - Building 110 Complex Underground Storage Tank (UST) ...... 11

2.3.1.4 SWMU 4 - Yard Incinerator .................................................................... 12
2.3.1.5 SWMU 6 - Abandoned Banner Spring Branch (BSB) Stream Channel ...... 13

2.3.1.6 . SW M U .7 Soil Stockpile.. ............................... ...................................... ......... .14.

2.3.1.7 SWMU 9 - Radiological Burial Ground (RBG) Trenches ....................... 15

2.3.1.8 AOC 5 - BSB Stream Channel .................................................................. 16

2.3.2 SWMUs and AOCs Requiring Institutional Controls .................................... 17
2.3.2.1 SWMU 13 - Building 111 Bulk Chemical Storage Area ............. 17
2.3.2.2 SWMU 15 - Waste Water Treatment Facility (WWTF) ........................... 18

2.3.2.3 SWMU 16 - Radiological Incinerator ...................................................... 19

2.3.2.4 SWMU 20 - BuildIng 130 Scale Pit ........................................................ 20

2.3.2.5 SWMU 21 - 30,000 Gallon Diesel Above Ground Storage Tank (AST) .... 21
2.3.2.6 SWMU 25 - Underground Pipe on the West Side of Building 111 ...... 22

2.3.2.7 AOC 2 - Building 111 Boiler Blowdown and Backwash N traf ..: ......... 23
2.3.2.8 AOC 3 - Building 130 Cooling Tower .................................................... 24
2.3.2.9 AOC 4 - Storm Drainage System ............................................................. 25

2.3.2.10 AOC 6 - Building 220 Mercury Contaminated Soil ................................ 26

2.3.3 A O C G W ..................................................................................................... 27

2.3.4 SWMUs and AOCs Requiring No Further Action at this Time .................. 29

2.3.4.1 SWMU 8 - CSX Soil Excavation Site ...................................................... 29

2.3.4.2 - SWMU 10 - Demolition Landfill ............................................................. 30

2.3.4.3 SWMU 11 - CSX Burial Trenches ........................................................... 30
2.3.4.4 SWMU 12 - Permitted Hazardous Waste Management Storage Area ......... 31

2.3.4.5. SWMU 14 - Light Non-Aqueous Phase Liquid (LNAPL) ...................... 31
2.3.4.6 SWMU 17 - Scrap-Recovery Incinerator .................................................. 31

2.3.4.7 SWMU 18 - Building 105 UST ................................................................ 32

2.3.4.8 SWMU 19- Building 100 UST ................................................................ 32

2.3.4.9 SWMUs 22, 23, and 24 - Building 304 Hazardous Waste Unit .............. 33

2.3.4.10 AOC 1 - Plant Scrubbers ......................................................................... 33

3.0 PROPOSED SCHEDULE FOR 2009 ...................................................................... 34

4.0 REFE R EN C E S ............................................................................................................. 34

3



Nuclear Fuel Services, Inc-
Facility Action Plan, Revision 6 - January 2009

APPENDIX A

LIST OF TABLES

Table A-1. Table of SWMUs and AOCs .................................................................................. 35
Table A-2. Regional Screening Levels for Chemical Contaminants at Superfund Sites ........... 36

4



Nuclear Fuel Services, Inc.
Facility Action Plan, Revision 6 - January 2009

FACILITY ACTION PLAN

1.0 INTRODUCTION

Nuclear Fuel Services, Inc. (NFS) is a participant in the Facility Action Plan (FAP)
process by the Division of Solid Waste Management (DSWM) of the Tennessee
Department of Environment and Conservation (TDEC) in order to accelerate corrective
action at Resource Conservation and Recovery Act (RCRA) Solid Waste Management
Units (SWMUs) and Areas of Concern (AOCs). The FAP is a requirement of this
process.

1.1 Purpose

The purpose of this FAP is to meet requirements of condition VI.J.6 of TNHW-
108, provide background information on SWMUs and AOCs, provide the status
of SWMUs and AOCs, and to outline the planned work.

1.2 Scope

The scope of this FAP is to describe the SWMUs and AOCs identified in
TNHW-108. The FAP will be updated annually. Any newly identified
SWMUs and/or AOCs will be added to the FAP, and their regulatory
requirements and plan of action will be identified and described.

1.3 Objective

The objectives of this FAP are as follows:

1) describe each SWMU and AOC;
2) describe the regulatory requirement;
3) describe the planned activity associated with them;
4) Incorporate comments and agreed upon plan of action resulting from NFS

discussions with TDEC during the biannual FAP meeting.
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2.0 SITE DESCRIPTION

2.1 Facility Background

The NFS Facility is located in northeast Tennessee within the city limits of the
Town of Erwin in Unicoi County. The property consists of approximately 70
acres of land. The site is bordered on the south and east by Banner Hill road
and private residences. The CSX Railroad right-of-way parallels the site
boundary on the northwest. An industrial park is located northwest of the
railroad in which property is owned by NFS (NFS IPF), CSX Railroad, and
Impact Plastics, Inc. Martin Creek bounds the site to the northeast, with
privately owned, and vacant low density residential land on the opposite side of
the creek.

No water supply wells mari oocated between NFS and the Nolichucky Riyer. The
closest municipal well to the NFS site is the Erwin Utility Railroad Well.
Groundwater withdrawn from the Railroad Well does not originate beneath or
downgradient from the NFS site (Geraghty and Miller 1996).

2.2 Site Hydrogeology

The NFS site is located in the alluvial valley of the Nolichucky River. The site
is underlain by 0 to 30 feet of unconsolidated alluvium consisting of silts and
clays, clayey sand, and sand with varying amounts of gravel and cobble. The
alluvium coarsen's with-depth into cobbles and boulders. This cobble/boulder
zone overlies weathered, fractured, bedrock consisting of steeply dipping beds
of shale or shale interbedded with dolomite and siltstone (EcoTek 1994).

Both the alluvium and shallow bedrock contain groundwater under unconfined
conditions. No laterally continuous physical separation exists between the two
lithologies. Recharge to the alluvium and shallow bedrock is predominantly
from downward infiltration of rainwater through the vadose zone. Some
upward component of flow is evident within the deeper bedrock (50+ feet),
which is probably the result of higher elevation recharge through fracture
systems in the mountains to the southeast. Measured heads in the bedrock wells
are consistent with and indicative of a nonfractured dominated flow regime.
The thinly bedded, poorly competent nature of the bedrock may contribute to
flow patterns more analogous to the porous media model than the fracture flow
model. Limited evidence, such as high well yields, exists for structure or
fracture controlled movement of groundwater in the deeper zone (EcoTek
1994).

Groundwater flow is generally towards the north-northwest. Groundwater
elevations range from approximately 1626 to 1644 feet above mean sea level.
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A more detailed description of the site hydrogeology can be found in the
"Revised Groundwater Flow and Solute-Transport Modeling Report", February
1999 (ARCADIS 1999).

2.3 SWMUs and AOCs/Requirements

The twenty-four (24) SWMUs and seven (7) AOCs are described in Table A-i
(Appendix A). The SWMU and AOC requirements consist of interim measures,
institutional controls, groundwater remediation under AOC groundwater, and no
further action required. The SWMUs and AOCs have been grouped according
to their applicable requirements for discussion purposes.
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2.3.1 SWMUs and AOCs Requiring Interim Measures

2.3.1.1 SWMU 1 - Impoundments 1, 2, and 3

2.3.1.1.1 Site Description - SWMU I is located northeast of
plant production facilities and consists of
Impoundments 1, 2, and 3. The impoundments were
constructed between 1957 and 1963 to retain process
wastewater generated from operations associated with
the production of nuclear materials. The unlined
impoundments were excavated to depths of
approximately four feet and enclosed by low earthen
berms. The impoundments were used from the
beginning-of plant operations in 1957 through 1978.
In 1978, use of the impoundments ceased concurrent
with the start-up of the NFS wastewater treatment
plant.

The three impoundments contained approximately
91,000 cubic feet of waste material. Predominant
radiological contaminants in waste were isotopes of
uranium and thorium. RCRA hazardous constituents
detected in waste samples prepared by the Toxicity
Characteristic Leaching Procedure (TCLP) included
tetrachloroethylene, trichloroethylene, barium,
cadmium, chromium, and lead. Waste from Pond 2
was characteristically hazardous for
tetrachloroethylene and cadmium. The potentially
affected media include air, soil, surface water, and
groundwater.

Waste removal and processing began in August 1991
at Pond 3. Wastes were removed as a slurry by
dredge, pumped to mixing tanks, treated for
hazardous constituents and dewatered using a filter
press. The filter cake was disposed of as low-level
radioactive waste at a licensed burial facility. Waste
removal from Ponds 1, 2, and 3 was completed in
September 1993, August 1994, and May 1994,
respectively.
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2.3.1.1.2 Proposed Plan -. Soil removal is complete for this
SWMU. Effectiveness sampling is complete for this
SWMU. The groundwater portion of the potentially
affected media has been converted to AOC GW. Ten
percent (10%) of the radiological effectiveness
sample locations were sampled for RCRA
constituents on a random basis for this SWMU.
RCRA effectiveness sampling consisted of analyzing
for the parameters shown in Table A-2 of Appendix
A. Preliminary results indicate all samples are below
the Regional Screening Levels for Chemical
Contaminants at Superfund Sites for Industrial soil.
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2.3.1.2 SWMU 2 - Pond 4

2.3.1.2.1 Site Description - SWMU 2 (i.e. "Pond 4") was
used for waste storage and disposal from
approximately 1957 to 1966. Waste materials
consisting of press cake, incinerator ash, sludges,
drums, buckets, conduit, pipes, old equipment and
general trash were placed in the area and covered
with soil. Building 410 was constructed over this
area and the waste debris has been removed. The
potentially affected media include soil, surface
water, and groundwater. Excavation of the Pond
4 debris began in August 1994 and was completed
in December 1996. The remaining contaminated
soil will be excavated.

2.3.1.2.2 Proposed Plan - Soil removal and effectiveness
sampling is complete for a portion of the SWMU.
Additional soil removal and effectiveness
sampling is planned. The groundwater portion of
the potentially affected media has been converted
to AOC GW. Ten percent (10%) of the
radiological effectiveness sample locations will be
sampled for RCRA constituents on a random
basis. RCRA effectiveness sampling will consist
of analyzing for the parameters shown in Table A-
2 of Appendix A. Preliminary results indicate
that one area requires additional removal and
effectiveness sampling to get below the Regional
Screening Levels for Chemical Contaminants at
Superfund Sites for Industrial soil.
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2.3.1.3 SWMU 3 - Building 110 Complex Underground
Storage Tank (UST)

2.3.1.3.1 Site Description - SWMU 3 is the Underground
Storage Tank (UST) at the Building 110
Complex. Building 1 lOC was used as a wet
chemistry support laboratory. The underground
storage tank (UJST), a 55-gallon stainless steel
drum (2 feet diameter), was located
approximately eight feet north of Building 11 OC
and 18 inches below ground level. According to
site personnel, the UST was used in the 1960s for
managing laboratory waste, including effluent
from glove box drains. The potentially affected
... media-this -area include -soil -and-groundwater.-

2.3.1.3.2 Proposed Plan - SWMU 3 is located within the
Building 410 area (SWMU 2). Therefore, the
proposed plan for SWMU 3 is identical to SWMU
2. The groundwater portion of the potentially
affected media has been converted to AOC GW.
Ten percent (10%) of the radiological
effectiveness sample locations were sampled for
RCRA constituents on a random basis. RCRA
effectiveness sampling consisted of analyzing for
the parameters shown in Table A-2 of Appendix
A.
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2.3.1.4 SWMU 4 - Yard Incinerator

2.3.1.4.1 Site Description -SWMU 4 is an incinerator,
which was located within the boundaries of
SWMU 2. The incinerator was used to incinerate
office waste from 1970 to 1990. The potentially
affected media in this area include air, soil, and
surface water.

2.3.1.4.2 Proposed Plan - SWMU 4 is located in the
Building 410 area (SWMU 2). Therefore, the
proposed plan for SWMU 4 is identical to SWMU
2. The groundwater portion of the potentially
affected media has been converted to AOC GW.
Ten - -percent. (10%) .. of -the radiological..
effectiveness sample locations will be sampled for
RCRA constituents on a random basis. RCRA
effectiveness sampling will consist of analyzing
for the parameters shown in Table A-2 of
Appendix A.
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2.3.1.5 SWMU 6 - Abandoned Banner Spring Branch (BSB)
Stream Channel

2.3.1.5.1 Site Description - SWMU 6, the abandoned
channel of Banner Spring Branch, is located
within the boundaries of SWMU 2. SWMU 6
received supemate from three surface
impoundments (SWMU 1) from approximately
1957 to 1968. The potentially affected media in
this area include soil and groundwater.

2.3.1.5.2 Proposed Plan - SWMU 6 is located within the
boundaries of SWMU 2. Therefore, the proposed
plan for SWMU 6 is identical to SWMU 2. The
-groundwater -portion -of-the potentially affected-
media has been converted to AOC GW. Ten
percent (10%) of the radiological effectiveness
sample locations were sampled for RCRA
constituents on a random basis. RCRA
effectiveness sampling consisted of analyzing for
the parameters shown in Table A-2 of Appendix
A.
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2.3.1.6 SWMU 7 - Soil Stockpile

2.3.1.6.1 Site Description - SWMU 7 was a mound of soil
contaminated with low levels of uranium, thorium
and plutonium. From 1957 to 1977, process
wastes containing low-level concentrations of
uranium and thorium were discharged to three
NFS surface impoundments. Banner Spring
Branch received supernatant from these
impoundments resulting in contamination of
stream sediments. In 1967, the channel of Banner
Spring Branch was relocated to divert stream flow
into Martin Creek approximately 200 feet
upstream from its previous confluence.
Contaminated- -soils from-the former streambed
were excavated between 1980 and 1984 and
stored in the location, which is SMWU 7.
Potentially affected media include soil and surface
water.

The soil stockpile has been removed and
contaminated soils were disposed of at a licensed
radioactive burial facility.

2.3.1.6.2 Proposed Plan - The soil pile has been removed.
Soil removal and effectiveness sampling is
complete. Ten percent (10%) of the radiological
effectiveness sample locations were sampled for
RCRA constituents on a random basis. RCRA
effectiveness sampling consisted of analyzing for
the parameters shown in Table A-2 of Appendix
A. Preliminary results indicate all samples are
below the Regional Screening Levels for
Chemical Contaminants at Superfund Sites for
Industrial soil. NFS plans to perform additional
soil removal at this SWMU to get below the
residential soil levels.
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2.3.1.7 SWMU 9 - Radiological Burial Ground (RBG) Trenches

2.3.1.7.1 Site Description - SWMU 9 is the Radiological
Burial Ground. Between 1966 and 1977, NFS
disposed of low-level radioactive waste by on-site
shallow land burial in accordance with NRC
regulations (10 CFR 20.304). Waste materials
predominantly consisted of contaminated
equipment, construction debris, laboratory waste,
and process waste (e.g., filter "press cake").
Radionuclides contained in the waste primarily
consisted of low-level thorium and uranium, with
enrichments ranging from depleted to 97 percent;
however, records indicate small amounts of

.... o...n.m.P-Iuton.u.rm-23.9 an•d ...Ura-niurmn-233.3 in.. tren-ch. _69.-6..
The total radioactive inventory from all of the
burial trenches within SWMU 9 is estimated as
slightly greater than 800 mCi. Radionuclides of
importance are Thorium-232 (892 kg), Uranium-
238 (275 kg), and Uranium-235 (11.5 kg). Liquid
wastes and small amounts of waste mercury were
also buried in several of the trenches. Potentially
affected media include soil and groundwater.

2.3.1.7.2 Proposed Plan - Soil removal has been
completed and effectiveness sampling is planned.
The groundwater portion of the potentially
affected media has been converted to AOC GW.
Ten percent (10%) of the radiological
effectiveness sample locations will be sampled for
RCRA constituents on a random basis. RCRA
effectiveness sampling will consist of analyzing
for the parameters shown in Table A-2 of
Appendix A.
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2.3.1.8 AOC 5 - BSB Stream Channel

2.3.1.8.1 Site Description - AOC 5 is located northeast of
plant production facilities. The channel of Banner
Spring Branch from approximately 1967 to 2003
is designated as AOC 5. In September 2003 the
channel of Banner Spring Branch was relocated
by burying it in a culvert from its source to Martin
Creek. Banner Spring Branch has no known
unregulated releases; however, it was a potential
receptor of pond overflow because of its location
between the surface impoundments. Potentially
affected media consist of surface water.

23.1-8;2. Proposed -Plan - Relocation -of -Banner -Spring-
Branch was completed in September 2003. A
portion of the excavation of the channel and a
portion of the effectiveness sampling is complete.
More excavation and effectiveness sampling is
planned. Ten percent (10%) of the radiological
effectiveness sample locations will be sampled for
RCRA constituents on a random basis. RCRA
effectiveness sampling will consist of analyzing
for the parameters shown in Table A-2 of
Appendix A.
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2.3.2 SWMUs and AOCs Requiring Institutional Controls

2.3.2.1 SWMU 13 - Building 111 Bulk Chemical Storage Area

2.3.2.1.1 Site Description - The Bulk Chemical Storage
Area at Building 111 (SWMU 13) was used to
store process chemical products from initial
operations in 1957 until March 1992. In 1992,
tanks were relocated to the Bulk Chemical
Storage Area at the southwest portion of the
plant's protected area. The storage tank and dike
have been removed. Potentially affected media in
this area include soil, surface water, and
groundwater.

2,3.2,A.2 Proposed Plan - Institutional -cont-rols consisting
of concrete to cover the soil in the area have been
implemented. Inspection of concrete occurs
annually. to ensure no soil is exposed. The
groundwater portion of the potentially affected
media has been converted to AOC GW. Soil
removal and effectiveness sampling are planned at
the end of plant life.
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2.3.2.2 SWMU 15 - Waste Water Treatment Facility (WWTF)

2.3.2.2.1 - Site Description - SWMJU 15 is the WWTF. It
has been in operation since 1975. There is no
potentially affected media for this area.

2.3.2.2.2 Proposed Plan - Institutional controls consisting
of concrete (building floor) to cover the soil in the
area are required. Inspection of the concrete floor
occurs annually to ensure its integrity. Soil
removal and effectiveness sampling are planned at
the end of plant life.
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2.3.2.3 SWMU 16 - Radiological Incinerator

2.3.2.3.1 Site Description - SWMU 16 is the Radiological
Incinerator at Building 302. The incinerator was
operated from 1975 to April 1996 under an
approved State of Tennessee Air Pollution
Control Operating Permit.

The main purpose of the incinerator was to
facilitate recovery of uranium from combustible
materials. After incineration, ash was transferred
to NFS' High Enriched Uranium Recovery
Facility for uranium recovery. The incinerator
was also used to reduce the volume of low-level
combustible materials prior to disposal at a

.-.-.-licensed radioactive -waste disposal facility.
Potentially affected media include air and soil.

2.3.2.3.2 Proposed Plan - Institutional controls consisting
of controlled access and concrete (building floor)
to contain any potential contamination is in place.
The concrete floor is inspected annually to ensure
the integrity of the concrete floor. Soil removal
and effectiveness sampling are planned at the end
of plant life.
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2.3.2.4 SWMU 20 - Building 130 Scale Pit

2.3.2.4.1 Site Description - SWMU 20 is the Building 130
Scale Pit. The scale pit was constructed in the
late 1950s. This structure was one of the first on
site and was probably constructed concurrently
with Building 130. The scales were used
primarily for weighing cylinders containing
uranium hexaflouride. The exact dates of
operation of the scale could not be determined
since records of its use are not available; however,
it is believed to have been utilized in the 1960s.
The affected media include soil and groundwater.

2.3.2.4.2 Proposed Plan - Institutional controls consisting
oftconcrete. to £cover-the .soil. in ..the area have been.
implemented. Inspection of concrete occurs
annually to ensure no soil is exposed. The
groundwater portion of the potentially affected
media has been converted to AOC GW. Soil
removal and effectiveness sampling are planned at
the end of plant life.
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2.3.2.5 SWMU 21 - 30,000 Gallon Diesel Above Ground Storage
Tank (AST)

2.3.2.5.1 Site Description - SWMU 21 is the 30,000-gallon
above ground storage tank. SWMU 21 is located in
the western portion of the NFS site. SWMU 21 was
used for diesel fuel (No. 2 fuel oil) storage from the
mid 1970's to 1998. The fuel in the tank was used for
heating purposes during winter months. The tank was
last used in 1998 and at that time the contents were
pumped out of the tank and into appropriate storage
containers. There have not been any documented
releases from the tank. The tank was removed in
October 2001. Potentially affected media include soil
and groundwater.

2.3.2.5.2 Proposed Plan - Institutional controls consisting of
gravel to cover the soil in the area have been
implemented. Inspection of gravel occurs quarterly to
ensure no soil is exposed. The area has been built up
with approximately 4 feet of gravel and a new
building has been constructed at this location. The
groundwater portion of the potentially affected media
has been converted to AOC GW. Soil removal and
effectiveness sampling are planned at the end of plant
life.
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2.3.2.6 SWMU 25 - Underground Pipe on the West Side of
Building 111

2.3.2.6.1 Site Description - SWMU 25 is the underground
pipe on the west side of Building 111. The pipe was
installed in 1959, concurrently with the construction
of Building 111, the first structure built on the site.
The ten inch pipe was used primarily for plant
drainage and its use was discontinued in 1984 when
the new plant drainage was installed. In October
2007, NFS was performing excavation activities
immediately west of Building 111 to enhance the
institutional control requirement for SWMU 13 from
gravel to concrete. During this excavation, a ten inch
drainage pipe was located within this area on the west
side of Building 11. The pipe was located

--approximately 2-1 -feet from Building tll and-was
approximately 3 feet deep. The pipe within the
excavated area was removed along with the excavated
soil. Potentially affected media include soil and
groundwater.

2.3.2.6.2 Proposed Plan - Institutional controls consisting of
gravel, asphalt, and concrete to cover the soil in the
area have been implemented. Inspection of the area
occurs quarterly to ensure no soil is exposed. The
groundwater portion of the potentially affected media
has been converted to AOC GW. NFS plans to
conduct further characterization to determine the
extent of PCB contamination in soil and to determine
the source of contamination to soil and groundwater.
Once characterization is complete, follow-up actions
will be proposed and implemented. Soil removal and
effectiveness sampling are planned at the end of plant
life.
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2.3.2.7 AOC 2 - Building 111 Boiler Blowdown and Backwash
Water

2.3.2.7.1 Site Description - AOC 2 is the location
previously occupied by three boilers, which
provided heat and heat tracing for the NFS facility
from 1958 until 1991. Boilers #1 and #2, located
in the east comer of Building 111, were installed
in 1958 and 1962, respectively. The third boiler
located in the southeast end of Building 111 was
installed in 1972. In July 1991, boilers #1 and #2
were shut down and removed from the plant;
boiler #3 was relocated to Building 130. AOC 2,
the "unit", as it refers to AOC 2, is blowdown
fm --the- -. three- -.boilers,. -and --backwash-.-- (and
regeneration water) from the water purification
system deionizers and softeners. Potentially
affected media includes soil.

2.3.2.7.2 Proposed Plan - Institutional controls consisting
of pavement to cover the soil in the area and
posting of signs stating that the area is potentially
contaminated have been implemented.
Notification is required before digging.
Inspection of the signs occurs quarterly to ensure
that the signs are present and legible. Soil
removal and effectiveness sampling is planned at
the end of plant life.
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2.3.2.8 AOC 3 - Building 130 Cooling Tower

2.3.2.8.1 Site Description - AOC 3 is the Cooling Water
Tower at Building 130. The purpose of the
Cooling Water Tower was to provide a means of
storing, cooling, and recirculating non-contact
plant process water. The Cooling Water Tower
supported operations conducted in numerous
buildings at NFS from 1957 to 1992. Its use
during that time was continuous, with demand
increasing or decreasing depending upon the type
of work NFS had under contract. From 1958 until
1968, the Cooling Water Tower reservoir also
served as a heat exchanger for a submerged
recirculating- coil -containing -tetrachloroethylene,-
which was used in vacuum furnace operations in
the 130 Building. Potentially affected media
include soil and surface water.

2.3.2.8.2 Proposed Plan - Institutional controls consisting
of pavement to cover the soil in the area have
been implemented. Inspection of pavement
occurs annually to ensure no soil is exposed. Soil
removal and effectiveness sampling is planned at
the end of plant life.
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2.3.2.9 AOC 4 - Storm Drainage System

2.3.2.9.1 Site Description - AOC 4, the storm drainage
system, has been operating in various capacities
since the plant was built in 1957. The system,
which was developed to provide directed flow of
storm water throughout the plant, was expanded
in 1984 with minor modifications subsequent to
that time. Potentially affected media include soil,
surface water, and groundwater.

2.3.2.9.2 Proposed Plan - Institutional controls consisting
of pavement to cover the soil in the area and
posting of signs stating that the area is potentially
contaminated have . been-.--. -implemented.
Notification is required before digging.
Inspection of the signs occurs quarterly to ensure
that the signs are present and legible. The
groundwater -portion of the potentially affected
media has been converted to AOC GW. Soil
removal action and effectiveness sampling are
planned at the end of plant life.
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2.3.2.10 AOC 6 - Building 220 Mercury Contaminated Soil

2.3.2.10.1 Site Description - AOC 6 is an area of mercury-
contaminated soil located immediately northeast
of Building 220. It is an area approximately 55 by
27 feet covered with soil and gravel. A concrete
slab is present in some areas of the site at a depth
of approximately 0.5 feet beneath the soil. AOC
6 is surrounded by asphalt pavement to the
northeast, southeast, and northwest, and Building
220 to the southwest. Potentially affected media
includes soil.

2.3.2.10.2 Proposed Plan - Institutional controls consisting
of gravel to coVbf -the soil int- the areea d ps1ting
of signs stating that the area is potentially mercury
contaminated have been implemented.
Notification is required before digging.
Inspection of the signs occurs quarterly to ensure
that the signs are present and legible. The gravel
has been upgraded to pavement as an
enhancement in this area. Soil removal and
effectiveness sampling are planned at the end of
plant life.
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2.3.3 AOC GW

2.3.3.1 Site Description - AOC GW is site wide groundwater. AOC
GW is a combination of SWMUs and AOCs that require
corrective measures for groundwater. AOC GW is a
consolidation of SWMUs 1, 2, 3, 6, 9, 10, 14, 18, 20, and 21 and
AOCs 4, 5, and 6.

2.3.3.2 Proposed Plan - Groundwater will be sampled routinely for
tetrachloroethylene, trichloroethylene, dichloroethylene, and
vinyl chloride, gross alpha and gross beta activity. If the gross
alpha activity exceeds 15 picoCuries per Liter (pCi/L), then at a
minimum, isotopic analysis for uranium will be performed. If
gross beta activity exceeds 50 pCi/L, then analysis for
technetium-99 will be performed.

Groundwater remediation is in progress at the Maintenance Shop
area and is planned to continue through 2009. The automated
injection system is nearing completion for injecting a higher
volume of reagent in the area between the fences. The
automated zone is projected to be utilized beginning first quarter
2009.

Groundwater monitoring will continue at the plant site after
source term removal. Results from groundwater monitoring will
be used to determine appropriate remedial actions.

Off site Well 122A (TDOT Well) was sampled on a semi-annual
basis. The most recent results for Well 122A showed PCE
detections slightly above the drinking water MCL.

The Nolichucky River Backwater Area was sampled at three
locations on a semi-annual basis. The most recent results show
that all locations are below the maximum contaminant level
(MCL). However, in 2008 the backwater area had PCE
detections slightly above the drinking water MCL. This area
remains posted with a sign indicating that the water is not a
potable drinking water source in accordance with the TDEC
Environmental Indicator Memorandum (TDEC, 2004).
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In February 2007, NFS implemented the BOS 100 technology on
a one time injection at approximately 250 locations just
upgradient of the backwater area using direct-push technology.
BOS 100 is a reagent that consists of nanoscale iron coated with
carbon that can be injected into the subsurface using direct-push
technology and a variety of pumping systems to create a reactive
curtain to treat chlorinated solvent contaminated groundwater via
reductive dechlorination.
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2.3.4 SWMUs and AOCs Requiring No Further Action at this Time

2.3.4.1 SWMU 8 - CSX Soil Excavation Site

2.3.4.1.1 Site Description - SWMU 8 is located along the
northwestern boundary of the NFS plant site.
SWMU 8, the soil excavation site on CSX
property, designates a portion of the former
channel of Banner Spring Branch. The former
streambed was contaminated with isotopes of
uranium and thorium classified as Low Specific
Activity material. Contamination resulted from
the discharge of supernate to Banner Spring
Branch from three surface impoundments
(SWMU I). SWMU 8 was active from
approximately-1957 to 1-967 -in 1967; the-stream
was rerouted to its present location.
Contaminated soils comprising the area were
excavated and stockpiled on NFS property during
the early 1980s (SWMU 7). The excavated area
was released by the NRC for unrestricted use in
July 1987. Potentially affected media was
groundwater.

2.3.4.1.2 Proposed Plan - TDEC and the EPA have closed
out this SWMU in a letter dated January 19, 1994.
No further action is required.
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2.3.4.2 SWMU 10 -Demolition Landfill

2.3.4.2.1 Site Description - SWMU 10 is the former
Demolition Landfill. Between 1981 and 1984,
NFS disposed of nonradioactive and
nonhazardous waste by on-site shallow land burial
into the Demolition Landfill. No disposal
records exist for SWMU 10; however, plant
personnel and previous investigations have
identified that the landfill was primarily used for
disposal of construction debris. Potentially
affected media include soil and groundwater.

2.3.4.2.2 Proposed Plan -TDEC approved No Further
Action (NFA) for SWMU 10 in August 2004,
therefore, no additional measures are required.

2.3.4.3 SWMU 11 - CSX Burial Trenches

2.3.4.3.1 Site Description - SWMU 11, the CSX burial
trenches were located along the northwestern
boundary of the NFS plant site. SWMU 11 was
located on land leased from CSX and consists of
two trenches located within 50 feet west of, and
roughly parallel to, NFS buildings 300 and 310.
Each trench measured about 18 feet wide by 275
feet long, with less than ten feet separation
between the two trenches. Maximum trench
depth was approximately 10 feet in predominantly
alluvial materials. Burial trench contents
consisted of low-level uranium and thorium
contaminated scrap metals and equipment.
Excavation of the trenches was completed in June
2000. Potentially affected media includes
groundwater.

2.3.4.3.2 Proposed Plan - TDEC and the EPA have closed
out this SWMU in a letter dated January 19, 1994.
No further action is required.
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2.3.4.4 SWM-U 12 - Permitted Hazardous Waste Management
Storage Area

2.3.4.4.1 Site Description - SWMU 12 is a permitted
hazardous waste management storage area (HW
Unit) located in the 310 Warehouse (Permit
Number TN HW-066). It is a RCRA storage unit
for liquid and non-liquid wastes. It has been in
operation since 1989. It is covered, enclosed, and
is an access controlled space. There is no
potentially affected media.

2.3.4.4.2 Proposed Plan - No further action is required.

2.3.4.5 SWMU 14 - Light Non-Aqueous Phase Liquid (LNAPL)

2.3.4.5.1 Site Description - SWMU 14, the LNAPL, is
located in the northwestern part of the NFS plant
site, northwest of Building 111, and northeast of
Building 120. Potentially affected media is
groundwater.

2.3.4.5.2 Proposed Plan - The remediation of this
groundwater will occur as part of AOC GW. No
further action is required.

2.3.4.6 SWMU 17 - Scrap-Recovery Incinerator

2.3.4.6.1 Site Description - SWMU 17 was a scrap-
recovery incinerator. It was removed as part of
Decommissioning activities in Building 200.
There is no potentially affected media.

2.3.4.6.2 Proposed Plan - No further action is required.

31



Nuclear Fuel Services, Inc.
Facility Action Plan, Revision 6 - January 2009

2.3.4.7 SWMU 18 - Building 105 UST

2.3.4.7.1 Site Description - SWMU 18 was a 1,000 gallon
UST located at Building 105. It was in operation
from the late 1960s until the mid 1970s. The tank
was removed in May 1991. Potentially affected
media include soil and groundwater.

2.3.4.7.2 Proposed Plan - No further action is required.

2.3.4.8 SWMU 1-9 - Building 100 UST

2.3.4.8.1 Site Description - SWMU 19 was a 1,000 gallon
number 2 fuel oil UST located at Building 100. It
was in operation from the late 1960s until the mid
1970s. The tank was removed in November 1991.
Potentially affected media include soil and
groundwater.

2.3.4.8.2 Proposed Plan - No further action is required.
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2.3.4.9 SWMUs 22, 23, and 24 - Building 304 Hazardous Waste Unit

2.3.4.9.1 Site Description - SWMUs 22, 23, and 24 are
permitted Hazardous Waste units at the west end
of Building 304 (Permit Number TN HW-108).
Although permitted, they are not currently in use.
SWMU 22 is the RCRA storage unit for mercury
mixed wastes. SWMU 23 is the RCRA treatment
unit for mercury mixed wastes. SWMU 24 is the
RCRA miscellaneous unit (shredder) unit for
mercury mixed wastes. There are no potentially
affected media from these units.

2.3.4.9.2 Proposed Plan - No further action is required.
NFS began removing this equipment in
accordance with permit on November 22, 2004
and the closure report was submitted to TDEC on
April 7, 2005.

2.3.4.10 AOC 1 - Plant Scrubbers

2.3.4.10.1 Site Description - AOC 1 consists of high-
efficiency venturi dernisting plant scrubbers that
are currently in use. There is no potentially
affected media in these areas.

2.3.4.10.2 Proposed Plan - No further action is required.
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3.0 PROPOSED SCHEDULE FOR 2009

Activities planned for 2009 consist of:

1) Soil removal and effectiveness sampling for SWMUs 1, 2, 3, 4, 6, 9, and
AOC 5.

2) Quarterly inspections of SWMUs 13, 21, and AOCs 2, 4, and 6;
3) Annual inspections of SWMUs 15, 16, 20, 25, and AOC 3; and
4) Continuation of the full-scale in-situ reactive zone (IRZ®) technology for

groundwater remediation near the maintenance shop area.
5) Continue with the full-scale Ferrous Sulfate injections in the groundwater

remediation area.
6) Continue sampling surface water in the backwater area at 3 locations and

-continue sampling Well 122A as part of the seminannual off site sampling
program.

7) Continue with groundwater monitoring on and off site.
8) Finalize the automated zone system and begin utilizing.

4.0 REFERENCES

ARCADIS Geraghty & Miller, Inc., 1999. Revised Groundwater Flow and Solute-
Transport Modeling Report. Nuclear Fuel Services, Inc./Erwin, Tennessee. February
1999.

Ecotek, Inc., 1994. 1992/1993 Nuclear Fuel Services Hydrogeologic Investigation and
Monitoring Well Installation Program. June 1994.

Geraghty & Miller, Inc., 1996. Railroad well Capture Zone Analysis near the Nuclear
Fuel Services Facility. Erwin, Tennessee. June 14, 1996.

Tennessee Department of Environment and Conservation (TDEC), Division of Solid
Waste Management, Environmental Indicator Evaluation Memorandum Letter, Roger
Donovan to B. Marie Moore. November 19, 2004.
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Table A-1. Table of SWMUs and AOCs

SWMU Description Status
/AOC

'SWMU 1 Impoundments 1, 2, and 3 Interim Measures
SWMU 2 Pond 4 Interim Measures
SWMU 3 Building 110 Complex Underground Storage Tank Interim Measures
SWMU 4 Yard Incinerator Interim Measures
SWMU 6 Abandoned Banner Spring Branch Stream Channel Interim Measures
SWMU 7 Soil Stock Pile Interim Measures
SWMU 8 CSX Soil Excavation Site No Further Action
SWMU 9 Radiological Burial Ground Trenches Interim Measures
SWMU 10 Demolition Landfill No Further Action
SWMU II CSX Burial Trenches No Further Action
SWMU 12 Permitted Hazardous Waste Management Area No Further Action
SWMU 13 Building 111 Bulk Chemical Storage Area Institutional Controls

._SWMU. 14-.-... Light.N.on-Aqueo-us.PhaseLiquid No Further Action
SWMU 15 Waste Water Treatment Facility Institutional Controls
SWMU 16 Radiological Incinerator Institutional Controls
SWMU 17 Scrap Recovery Incinerator No Further Action
SWMU 18 Building 105 Underground Storage Tank No Further Action
SWMIU 19 Building 100 Underground Storage Tank No Further Action
SWMU 20 Building 130 Scale Pit Institutional Controls
SWMU 21 30,000 gallon Diesel Above Ground Storage Tank Institutional Controls
SWMU 22 Building 304 Hazardous Waste Unit No Further Action
SWMU 23 Building 304 Hazardous Waste Unit No Further Action
SWMU 24 Building 304 Hazardous Waste Unit No Further Action
SWMU 25 Underground Pipe on the West Side of Building 111 Institutional Controls
AOC I Plant Scrubbers No Further Action
AOC 2 Building 111 1,000 Gallon Tank Institutional Controls
AOC 3 Building 130 Cooling Tower Institutional Controls
AOC 4 Storm Drainage System Institutional Controls
AOC 5 Banner Spring Branch Channel Interim Measures
AOC 6 Building 220 Mercury Contaminated Soil Institutional Controls
AOC Site Wide Groundwater Groundwater
Groundwater Remediation under

AOC GW
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Table A-2. Regional Screening Levels for Chemical Contaminants at Superfund Sites

Contaminant Residential Soil (mg/kg) Industrial Soil (mg/kg)

Arochlor-1254 0.22 0.74
Arsenic* 22 22
Benzene 1.1 5.6

Benz (a) anthracene 0.15 2.1
Benzo (a) pyrene 0.015 0.21

Benzo (b) fluoranthene 0.15 2.1
Benzo (k) fluoranthene 1.5 2.1

Beryllium 160 2000
Bis (2-ethylhexyl) 35 120
phthalate (DEHP)

Carbon tetrachloride 0.25 1.3
Chromium VI 230 1400

Dibenz (ah) anthracene 0.015 0.21
Indeno (1,2,3-cd) pyrene 0.15 2.1

Mercury 23 310
Tetrachloroethylene (PCE) 0.57 2.7
Trichloroethylene (TCE) 2.8 140

Vinyl chloride (VC) 0.060 1.7

* - Negotiated level with TDEC during FAP workshop meeting on March 18, 2003 and follow up letter April 23, 2003 (21G-03-0109)
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1.0 INTRODUCTION

Geraghty & Miller, Inc. (Geraghty & Miller) was retained by Nuclear Fuel Services

(NFS) to develop a groundwater flow and constituent transport model at the NFS facility in

Erwin, Tennessee (Geraghty & Miller, Inc. 1996). This report documents the use of that

numerical groundwater flow model to conduct a capture zone analysis for a public

water-supply well (Railroad Well) located approximately 3,500 feet (ft) northeast of the plant.

The purpose of this simulation is to determine if expected increases in the groundwater

withdrawal rate at the Railroad Well results in a capture zone that extends to the NFS facility.

Additionally, this report presents a description of the model, discussions of model assumptions

and limitations, and summary of findings and conclusions.
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2.0 SITE LOCATION AND HISTORY

NFS is a nuclear fuel fabrication and uranium recovery facility that has been

operational since the late 1950s. The NFS facility, approximately 64 acres in size, is located

in the mountainous region of east Tennessee, east of the Nolichucky River and adjacent to the

CSX Railroad (Figure 2-1). As shown in Figure 2-1, the NFS Erwin site, located in Unicoi

County, is within the city limits of Erwin and is immediately west of the community of

Banner Hill. Situated in a narrow valley surrounded by rugged mountains, the site occupies a

relatively level area approximately 20 to 30 ft above the elevation of the Nolichucky River.

To the west, east, and south, the mountains rise to elevations of 3,500 to 5,000 ft within a few

miles of the site.
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3.0 BRIEF MODEL DESCRIPTION

The groundwater flow model used for determination of the Railroad Well capture zone

was developed according to the following tasks:

" Review and organize available data describing past and present groundwater
flow conditions at the NFS Site.

* Develop a conceptual hydrogeologic model for the NFS Site. The components
of this conceptual model include a summary of the geologic frarnework,
hydraulic properties, groundwater and surface-water interaction, hydrologic
sources and sinks, water-level distributions, contaminant distributions, and
groundwater flow directions and rates.

* Develop a three-dimensional numerical groundwater flow model for the NFS
Site suitable for evaluating past, present, and future groundwater conditions.
The conceptual model formed the basis for the construction of the numerical
model. Calibration of the numerical flow model was accomplished by matching
water levels simulated by the model to water levels measured in monitoring
wells. The model predicts the distribution of hydraulic heads (water levels) and
groundwater velocities at the Site.

" Develop a solute transport model for uranium and PCE concentrations at the
Site. The solute transport model was calibrated by matching observed uranium
and PCE groundwater concentrations.

* Develop predictive simulations to estimate the migration extent and
concentration of uranium and PCE in the Site area.

o Prepare and submit a final report to NFS documenting the entire modeling
study at the Site.

Geraghty & Miller addressed these objectives through several phases of work which are

thoroughly documented in a report submitted to NFS. That report is entitled "Final Project

Report Groundwater Flow and Constituent Transport Modeling at the Nuclear Fuel Services

Facility Erwin, Tennessee" (Geraghty & Miller, Inc. 1996).
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This regional groundwater flow model provides a quantitative tool for predicting the

distribution of hydraulic heads (water levels) and groundwater velocities at the site. The model

also provides regional-scale estimates of the volume and direction of groundwater flow within

the alluvium and bedrock and the recharge/discharge relationships of groundwater flow.

The groundwater flow model was constructed and calibrated covering nearly

38 square miles for the purpose of simulating groundwater flow on a regional scale in the two

principal water-bearing units beneath the site: surficial saturated unconsolidated materials and the

bedrock aquifer. The three-dimensional model grid developed for the NFS groundwater flow

model extends over an area covering approximately 38 square miles. The grid boundaries were

specified to coincide with natural boundaries, when possible, and to minimize the influence of

model boundaries on simulation results at the site. The model domain extends approximately

6.6 miles from the east to west boundaries and 5.7 miles from the north to south boundaries.

The finite-difference grid consists of 128 columns and 100 rows with five layers for a total of

64,000 grid cells or nodes. The model grid uses a uniform 50-ft areal grid spacing in the vicinity of

the site to provide increased computational detail in the area of interest and grades to larger grid

spacing at greater distances from the site. The groundwater flow model was also oriented such

that a principal axis of the model grid conforms to regional groundwater flow directions

(north/northwest). The strike of the bedrock units is also roughly perpendicular to the average

groundwater flow direction. Conveniently, the model has two axes along the column and row

directions that correspond to the directions of permeability anisotropy and groundwater flow

directions (NW/SE). Shallow groundwater flow directions are typically from upland areas towards

major rivers and streams such as the Nolichucky River, South Indian Creek, and smaller tributaries

including Martin Creek.

Even though the site is underlain by the Rome Formation, the model domain was large

enough such that the Honaker Dolomite, Shady Dolomite, Erwin, Hampton, Unicoi, and Snowbird

formations were simulated. Model Layer 1 incorporates the alluvium found directly beneath the

NFS Site, with the bottom of this layer coinciding with the variable elevation of the top of the

cobble/boulder zone. Model Layer 2 represents the cobble/boulder zone generally found just

GERAGHTY & MILLER, INC.
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above the bedrock beneath the site. The bottom of Model Layer 2 conforms to the top of bedrock

in the vicinity of the site. In areas where the alluvium pinches out, Model Layers 1 and 2 represent

the first encountered bedrock unit. The lower model layers represent only the bedrock lithologies

in the model domain. Multiple bedrock layers allow for accurate simulation of vertical gradients in

the bedrock and for more accurate representation of the steeply dipping bedrock units. The base of

the model is defined by the low permeability regions within the bedrock units as determined mainly

from municipal well yield information in the area and through numerical simulations.

The simulated hydraulic heads in the model generally show regional water levels

declining from all areas surrounding the NFS Site toward the Nolichucky River and Indian

Creeks. The water table gradient significantly flattens in the higher permeability units,

specifically the alluvial and cobble zones and in the Rome Formation along the Nolichucky

and Indian Creeks. Groundwater flow directions in the vicinity of the site are northwest

towards the Nolichucky River. Slight inflections are noticed in the water table due to

influences from the drainage ditch, Banner Spring, and the ponds. Beneath the ponds, slight

downward gradients are produced from Model Layer 1 to Model Layer 2, but these gradients

reverse closer to the river. Generally, there is a downward hydraulic gradient in the highland

areas, while gradients tend to be upward near discharge points such as springs and the

Nolichucky River. Across the site, gradients are predominately horizontal with increasing

upward vertical flow components in the vicinity of the Nolichucky River.
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4.0 CAPTURE ZONE ANALYSIS FOR THE RAILROAD WELL

During the calibration of the groundwater flow model, the capture zone of the railroad well

was evaluated with the MODFLOW groundwater flow model and was described in the modeling

report (Geraghty & Miler, Inc. 1996). For this evaluation, the model was run with the pumping

rate for the Railroad Well being increased to 1,000 gallons per minute to determine W, under this

pumping condition, the capture zone would extend to the NFS facility. The capture zone was

delineated from the MODFLOW results for both studies by using a particle-tracking (pathline)

analysis. The MODPATH code (Pollock 1989) was used in conjunction with MODFLOW to

perform the pathline analysis. Pathline analysis is a simple, cost-effective form of contaminant

transport analysis which ignores the effects of dispersion, retardation and chemical reactions. In

effect, the particles represent the motion of groundwater in the model. The MODPATH code uses

the flow terms and velocities computed by MODFLOW for use in the calculations. Figure 4-1

depicts the simulated capture zone for the Railroad Well pumping at 270.4 gpm in the

previous analysis (Geraghty & Miller, Inc. 1996). Figure 4-2 depicts the simulated capture

zone for the Railroad Well at a rate of 1,000 gpm. Actual particle tracks or pathlines were not

shown in these figures, but the shaded area depicting the capture zone was drawn by outlining

particle tracks that enter the well. In addition to the simulated capture zone analysis, the

groundwater flow directions in the vicinity of NFS were shown on Figure 4-2 by a generalized

flow arrow. This flow direction was delineated using a pathline analysis to track groundwater

flow beneath the NFS Site.

The capture zone analysis for both pumping rates indicate that the Railroad Well

receives practically all of its water from the Rome Formation. Groundwater flows along

strike in the Rome Formation from the eastern portion of the model domain to the Railroad

Well. Groundwater flow directions and rates at the NFS facility are generally unaffected by

the operation of the Railroad Well. Table 4-1 indicates the model grid location and average rate

for each of the wells included in the model for the new capture zone analysis. All other model

parameters were held constant between the two simulations.
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The increase in the pumping rate of the Railroad Well from 270.4 gpm to 1,000 gpm

resulted in a significant enlargement of the capture zone. The capture zone is about 3.7 times

the area of the original analysis. Even at 1,000 gpm, the Railroad Well demand for

groundwater is easily satisfied by groundwater flowing from the upgradient direction in the

Rome Formation and by recharge. It is unlikely that, given our current understanding of site

conditions, minor increases above the 1,000 gpm Railroad Well withdrawal rate will result in a

capture zone which would encompass the NFS Site. It should be recognized that the model

simulations do not account for potential future water withdrawals in the direct vicinity of

NFS. For example, if the utility company has plans for future additional water-supply wells in

the direct vicinity of the site, this capture zone analysis should be re-evaluated.

The increased groundwater withdrawal from the Railroad Well in the Rome Formation

generally results in regionally depressed groundwater levels in the Rome Formation. Even

though the capture zone of the Railroad Well does not extend to the NFS facility, the

influence of the well is observed at the site by slightly decreased water levels. At the higher

Railroad Well pumping rate (1,000 gpm), water levels at the NFS Site are about 0.3 to 0.8 ft

lower than at the previous rate modeled for the Railroad Well (270.4 gpm). Even though the

simulated water levels are slightly lower, they are not significant enough to produce a

noticeable difference in the simulated flow directions and hydraulic gradients.
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5.0 DISCUSSION OF MODEL ASSUMPTIONS AND LIMITATIONS

A thorough discussion of the assumptions and limitations of the groundwater flow

model and the associated capture zone analysis was presented in the modeling report

(Geraghty & Miller, Inc. 1996). The increase in the rate of the Railroad Well does not change

the assumptions and limitations or degree of uncertainty in the model from previous analyses.
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6.0 SUMMARY AND CONCLUSIONS

* A capture zone analysis performed at the Railroad Well for an increased rate of 1,000 gpm
indicated that its area of capture does not include the NFS Site.

" As a result of running the model at an increased pumping rate for the Railroad Well
(1,000 gpm), a larger capture zone was defined in comparison to the earlier model rate
(270.4 gpm). The capture zone at 1,000 gpm was approximately 3.7 times larger in areal
extent than the 270.4 gpm withdrawal rate.

* The increased groundwater withdrawal rate from the Railroad Well (1,000 gpm) results in
regionally depressed groundwater levels within the Rome Formation. These lower levels
are reflected at the NFS Site with a lowering of approximately 0.3 to 0.8 ft compared to
the previous modeled rate (270.4 gpm). However, even with this modeled lowering of
water levels at the Site, groundwater flow directions and rates are generally unaffected by
the increased withdrawal rate at the Railroad Well.

* The capture zone analysis at the increased rate (1,000 gpm), based on our current
understanding of conditions and model limitations, indicates that the Railroad Well
receives all of its water from an upgradient area within the Rome Formation and from
direct recharge.

" The limitations and assumptions and/or model uncertainty in this recent capture zone
analysis is essentially unchanged from the previous analysis.
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Table 4-1. Summary of Withdrawal Wells
Nuclear Fuel Services, Inc. Erwin, Tennessee

Well Layer Row Column Rate (gpm)

Railroad Well 3,4,5 40 116 1000.0
Birchfield Well 3,4,5 12 122 552.7
O'Brien Well 3 7 123 241.5

PW-1 1 55 92 0.6
PW-2 1 54 92 0.6
PW-3 1 53 91 0.6
PW-4 1 52 90 0.6
PW-5 1 53 89 0.6
PW-6 1 53 88 0.6
PW-7 1 54 89 0.6
PW-8 1 55 89 0.6

PW-9 1 56 90 0.6
PW-10 1 56 91 0.6

gpm - gallons per minute

T30412.XLS / 5/29/96 md

GERAGHTY & MILLER, INC. 401



REFERENCE:
U.S.G.S. 7.5 Minutes Series
Chestoa Quadrangle, Tennessee -North Carolina 1939

Pholorevised 1971
Erwin Quadrangle. Tennessee 1939

Photorevised 1971

A,
= ,

V GERAGHTY
I€ & MILLER, INC.
Environmental Services

Regional Location Map



LEGEND

M Outside Model Domain

ECapture Zone Extent 4?
0 5000

SCALE IN FEET
PLOT: 1:1

A ' GERAGHTY Simulated Capture Zone FIGURE
•l•V • MILLER, INC. Railroad Well - 270.4 GPM

AW EnvironmencaJ Services 4-1
A Heldemljcompany Nuclear Fuel Service, Inc, Erwin, Tennessee



LEGEND

MOutside Model Domain

MCapture Zone Extent

Direction oft Groundwater Flow

4,
o 50c

SCALE IN FEET
PLOT: 1:1

A_ GERAGHTY FIGURE
4A & MILLER, INC. Simulated Capture Zone

EnvironmevniJ Serv'wces Railroad Well - 1,000 GPM 4-2
A Heldemijcompony Nuclear Fuel Service, Inc. Erwin, Tennessee


