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PREFACE 

This Record of Decision for Interim Actions in Bethel Valley, Oak Ridge, Tennessee 
(DOE/ORlOl-1862&D4) was prepared in accordance with requirements of the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 to present the public with the selected 
remedy for environmental remediation of contaminated areas within the Bethel Valley area. This record 
of decision (ROD) documents the selected remedy agreed on by the U.S. Department of Energy, the 
Tennessee Department of Environment and Conservation, and the U.S. Environmental Protection 
Agency. The remedy addresses the inactive units, accessible sources of contamination, and contaminated 
media to the extent practicable while minimizing disruption of the continuing mission of Oak Ridge 
National Laboratory. This decision is based on the Administrative Record file for this project. Following 
are the principal documents supporting this ROD: 

• Remedial Investigation/Feasibility Study for Bethel Valley Watershed at Oak Ridge National 
Laborat01Y, Oak Ridge, Tennessee (DOE 1999a); 

• Proposed Plan for Interim Actions in Bethel Valley, Oak Ridge, Tennessee (DOE 2000a); and 

• Memorandum of Understanding for Implementation of a Land Use Control Assurance Plan (LUCAP) 
for the United States Department of Energy Oak Rid~e Reservation (DOE, EPA, and TDEC 1999). 

These documents and other infonnation supporting the selected remedial action can be found at the 
Infonnation Resource Center, 105 Broadway Avenue, Oak Ridge, TN, 37830, (865) 241-4582. 
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PART 1. DECLARATION 
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1.1 SITE NAME AND LOCATION 

Oak Ridge Reservation (DOE) 
Bethel Valley area at Oak Ridge National Laboratory 
Oak Ridge, Tennessee 
CERCLIS ID TN1890090003 

1.2 STATEMENT OF BASIS AND PURPOSE 

This record of decision (ROD) for interim actions presents the selected remedy for environmental 
remediation of various contaminated areas within the Bethel Valley area on the U.S. Department of 
Energy (DOE) Oak Ridge Reservation (ORR) in Oak Ridge, Tennessee. The remedy addresses inactive 
units, accessible sources of contamination, and contaminated media to the extent practicable. The scope 
includes buildings and other facilities designated for decontamination and decommissioning (D&D), buried 
waste, underground liquid low-level waste (LLL W) tanks, accessible underground process and LLL W transfer 
pipelines, accessible contaminated surface and subsurface soil, contaminated sediment and surface water, 
contaminated groundwater, and groundwater monitoring wells, and piezometers no longer needed for 
monitoring. The scope does not include active facilities and infrastructure (e.g., Bldg. 4500 N) at the Oak Ridge 
National Laboratory (ORNL) that have vested, ongoing missions, nor does it include contaminated media 
or sources that are considered inaccessible due to the presence of the active facilities and infrastructure. 

Environmental remediation is accomplished through a combination of responses that includes 
containment, stabilization, removal, treatment, monitoring, and land use controls (LUCs). Because this is 
an interim remedy, interim LUCs and monitoring are specified as appropriate; however, fmal LUCs are 
not within the scope of this decision. Additionally, a final groundwater decision is not part of this 
remedy; however, interim actions are included to treat contaminated groundwater that is impacting 
surface water in Bethel Valley. A fmal groundwater decision is not being made at this time for several 
reasons. The participating federal and state agencies' desire to complete source control actions, monitor 
their effectiveness, and collect limited additional characterization data. These activities will allow the 
agencies to make a more informed decision for the fmal groundwater remediation. 

This set of remedial actions for Bethel Valley was chosen in accordance with the Comprehensive 
Environmental Response, Compensation, and Liability Act of 1980 (CERCLA), as amended by the Superfund 
Amendments and Reauthorization Act of 1986 (SARA) (42 United States Code S~ct. 9601 et seq.), and to the 
extent practicable, the National Oil and Hazardous Substances Pollution Contingency Plan (NCP) [40 Code 
of Federal Regulations (CFR) 300]. The Federal Facility Agreement (FFA) for the ORR (DOE 1992a) was 
developed to coordinate CERCLA and the Resource Conservation and Recovery Act of 1976 (RCRA) 
and to provide a legal framework for remediation activities at the ORR. The FF A's integrated approach 
extends to preparation of decision documents under CERCLA and RCRA. In addition, National Environmental 
Policy Act of 1969 (NEPA) values \'Ire incorporated in the documents prepared for this project in accordance 
with the Secretarial Polic), Statement on the National Environmental Polic)' Act of 1969 (DOE 1994a). 
This policy states that DOE will rely on the CERCLA process for review of actions taken under CERCLA 
and will address and incorporate NEP A values to the extent practicable in CERCLA evaluations. 

The Bethel Valley area was divided into four areas in the remedial investigation (Rl) for purposes of 
reporting the investigation results (DOE 1999a). These areas are East Bethel Valley, Central Bethel 
Valley, West Bethel Valley, and Raccoon Creek. East Bethel Valley includes the plant maintenance area 
of ORNL. Central Bethel Valley includes the ORNL main plant area, which consists of active and 
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inactive buildings, former burial grounds, underground liquid low-level (radioactive) waste (LLLW)' 
tanks, underground process and LLL W pipelines, and associated underground and aboveground facilities. 
West Bethel Valley contains a burial ground area and a small portion of the plant area. Raccoon Creek is 
an undeveloped area that primarily contains slightly contaminated media resulting from contaminant 
migration from West Bethel Valley. For reasons detailed later in this document, DOE.developed and 
evaluated separate sets of remediation alternatives for CentrallEast Bethel Valley and West Bethel 
ValleylRaccoon Creek in the feasibility study (FS) and proposed plan (DOE 2000a). This ROD combines 
the preferred alternatives from the proposed plan for CentrallEast Bethel Valley and West Bethel 
ValleylRaccoon Creek into a single selected remedy for Bethel Valley. 

The selected remedy is considered interim in nature for the following reasons: 

(1) The long-term hind use may change from that currently anticipated. At some time in the future, 
the current mission of ORNL may change significantly. When this occurs, the selected remedy and 
the anticipated future land use upon which the remedy is based will be re-evaluated. 

(2) Final groundwater remediation is deferred to a future remedial decision. The source controls 
and interim ~oundwater actions in the selected remedy will minimize further impacts to groundwater 
and will prevent groundwater from causing surface water exceedances. However, a final decision for 
groundwater is being deferred until the effectiveness of source actions is evaluated. 

(3) Final LUes are deferred to a future remedial decision. The selected remedy leaves hazardous 
substances in place that pose a future potential risk , and that would require land use restrictions for 
hundreds of years or longer. Interim LUCs and monitoring, as appropriate, are included as part of 
this selected remedy to ensure protectiveness until a fmal remedial decision is made for Bethel 
Valley. The long-term risk and fmal LUCs will be addressed in a future decision. 

Future decisions regarding long-term land use, fmal groundwater cleanup, and fmal LUCs may result 
in the need to augment or replace certain components of this remedy. Actions in this ROD do not preclude 
fmal remediation in a future decision. While additional measures (beyond those presented in this ROD) 
may be necessary to complete remediation activities in Bethel Valley, implementation of the remedial 
measures in this ROD will considerably improve environmental conditions. The selected remedial 
activities are expected to reduce significantly the release of contaminants from Bethel Valley source 
areas into White Oak Creek, Raccoon Creek, Bearden Creek, and the Clinch River. These activities will 
mitigate ecological and human health hazards from contaminated media within Bethel Valley. 

Remediation measures presented in this ROD are intended to protect human receptors from 
exposure to hazardous substances in the Bethel VaHey area. The primary receptor is the industrial worker 
both inside and outside of the main plant area of ORNL. Actions are also taken to protect future 
recreational users in selected waste management areas, future recreational users of the surface water 
bodies, and future residential users of undeveloped areas. . 

The selected remedy ensures that ambient water quality criteria (A WQC) will be met to protect 
surface water resources. Aquatic popUlations and terrestrial species using surface water will be protected 
by removal of contaminated sediment and floodplain soil. The selected remedy will also reduce risk in 
surface water at the 7500 Bridge by at least 45% relative to 1994 levels. The 7500 Bridge is the point at 
which surface water exits Bethel Valley and enters Melton Valley. Based on the anticipated effectiveness 
of the Melton Valley remedy, the 45% risk reduction is necessary to meet the Melton Valley watershed 
ROD goal of protecting the off-site resident user of surface water at the confluence of White Oak Creek 
with the Clinch River. 
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The selected remedy leaves hazardous substances in place that pose a future potential risk and that 
would require land use restrictions for hundreds of years or longer. The interim LUCs selected ill this 
ROD will continue in effect and remain enforceable as part of the selected CERCLA remedy until such 
time as they may be changed by a future CERCLA decision. DOE has developed a Land Use Control 
Assurance Plan (LUCAP) for the ORR to help ensure that land use restrictions are maintained and 
periodically verified. DOE will develop a specific Land Use Control Implementation Plan (LUClP) that 
will further detail the specific measures required for land use restrictions as part of this action. DOE is 
committed to implementing and maintaining LUCs, including institutional controls, to ensure that the 
selected remedy remains protective of human health and the environment. The implementation and 
funding of these activities will take place in accordance with the ORR FF A. The public will be informed 
and involved in a timely manner in the CERCLA decision-making processes consistent with requirements 
of CERCLA, the NCP, the ORR FF A, and the DOE Oak Ridge Operations (ORO) CERCLA public 
involvement plan. Documents pertaining to the implementation and performance of the remedial actions, 
including five-year reviews, will be placed in a post-ROD file, which will be available to the public. 

This decision is based on documents contained in the Administrative Record file for the Bethel 
Valley area, including the RIfFS (DOE 1999a) and the proposed plan (DOE 2000a). In addition, DOE has 
considered all comments received on the proposed plan in preparing this ROD. DOE, the U.S. Environmental 
Protection Agency (EPA), and the Tennessee Department of Environment and Conservation (TDEC) 
(parties to the FF A) concur with the selected remedy. 

1.3 ASSESSMENT OF THE SITE 

The response action selected in this ROD is necessary to protect the public health or welfare or the 
environment from actual or threatened releases of hazardous substances into the environment. 

1.4 DESCRIPTION OF THE SELECTED REMEDY 

All inactive facilities in Bethel Valley, along with all areas of accessible contamination in the valley 
from the eastermnost portion of the plant westward to the Clinch River, are part of this ROD. There are 
isolated areas of potential contamination to the east in Bethel Valley or on adjacent ridges, some distance 
from the laboratory, which will be part of another decision. This decision recognizes the numerous early 
actions conducted in Bethel Valley and the grouting of two FF A tanks under an early action in Melton 
Valley. The FFA parties agree in this document to defer a fmal decision on groundwater to allow an 
evaluation of the effectiveness of the actions presented in this decision. Once the actions in this ROD are 
implemented and an evaluation of the effectiveness o{the actions has been completed, a fmal decision on 
groundwater and LUCs will be made. lfthe anticipated land use changes in the future, the decision in this 
ROD will be re-evaluated. 

The major problems identified in Bethel Valley are consistent with the historical use of the land. 
Raccoon Creek and West Bethel Valley are generally undeveloped and uncontaminated, but West Bethel 
Valley contains discrete waste disposal areas [Solid Waste Storage Area (SWSA) 3 and the Contractor's 
Landfill]. Conversely, Central Bethel Valley contains widespread contamination in soil, groundwater, 
surface water, and sediment consistent with its use as a radiochemical development and processing 
laboratory. East Bethel Valley contains limited groundwater and soil contamination consistent with its 
use as an industrial maintenance facility. Table 1.1 shows the remedial action objective (RAO) of the 
selected remedy to address these environmental problems. . 

Bethel Valley is currently a restricted area under DOE control. Remediation levels have been 
established to support the reasonably anticipated future land use for each remediation area and are 
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consistent with recommendations from stakeholders [including the Oak Ridge Site Specific Advisory 
Board (ORSSAB)]. The following conditions will be met by the selected remedy: 

(1) The ORNL main plant area in central Bethel Valley (i.e., 2000 area, 3000 area, and the western 
portion of the 4000 area) will be remediated to meet a controlled industrial land use. Industrial uses 
will be allowed of the upper 0.6 m (2 ft) of the area. Use of the subsurface below the depth of 0.6 m 
(2 ft) will be restricted. 

(2) The remainder of the ORNL main plant area (i.e., 1000 area in West Bethel Valley, the 4000-6000 
areas in Central Bethel Valley, and the 6000--7000 areas in East Bethel Valley) will be remediated 
to meet an unrestricted industrial land use. Industrial uses will be allowed of the upper 3 m (10 ft) of 
the area. Use of the area below the depth of 3 m (10ft) will be restricted. 

(3) SWSA 3 and the Contractor's Landfill will be remediated to meet a recreational land use. The three 
waste disposal areas in Central Bethel Valley [SWSA 1, the Nonradiological Wastewater Treatment 
Plant (NRWTP) Debris Pile, and the Former Waste Pile Area (FWPA)] will be included in the 
controlled industrial land use boundary of the main plant area. 

Table 1.1. RAO for the selected remedy for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Issue Protection goals 
Future land use Protect human health for (1) controlled industrial use in ORNL's main plant area, 

(2) unrestricted industrial use in the remainder of the ORNL developed areas, 
(3) recreational use of selected burial grounds. and (4) unrestricted use in the 
undeveloped areas. all to a risk level of 1 x 10-4 

Protection of surface water • Achieve A WQC for designated stream uses in all waters of the state 
bodies • Achieve at least 45% risk reduction from 1994 levels at 7500 Bridge 

• Maintain surface water and ac1¥eve sediment recreational risk-based limits to a goal 
of 1 x 10--1 

Groundwater protection • Minimize further impacts to groundwater 

• Prevent groundwater from causing surface water exceedances in all waters of the state 
Protection of ecological Maintain protection for area populations of terrestrial organisms; protect reach-level 
receptors populations of aquatic organisms 

A WQC = ambient water quality criteria 
ORNL ;= Oak Ridge National Laboratory 
RAO = remedial action objective 

(4) The undeveloped areas in Bethel Valley and the disturbed areas around SWSA 3 and the Contractor's 
Landfill will be remediated as needed to a condition consistent with an unrestricted land use. 
Contamination, if encountered above remediation levels, will be removed to the water table or bedrock, 
whichever comes first. 

(5) Through selected source and groundwater actions, impacts to surface water designated as waters of 
the state will be controlled and minimized to allow streams to meet their stream use classification. 
Sediment will be remediated consistent with the stream's classification. 

(6) Remediation efforts and other improvements will achieve a 45% risk reduction from 1994 levels at 
the 7500 Bridge, the surface water integration point for Bethel Valley. This risk reduction at the 
7500 Bridge will reduce releases into the Clinch River and provide additional protection for an 
off-site user of surface water, which is one of the goals under the Melton Valley watershed ROD. 
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(7) The impacts from sources of groundwater contamination will be minimized. 

(8) Ecological populations will be protected in Bethel Valley. 

Interim LUCs are a necessary part of the selected remedy to ensure its protectiveness. Because the 
fmal groundwater decision is being deferred, groundwater use restrictions in contaminated areas will be 
required regardless of land use. Other objectives of the LUCs are as follows: 

• Controlled industrial area: Control excavations or penetrations below 0.6 m (2 ft) and prevent 
uses of the land more intrusive than industrial use above 0.6 m (2 ft). 

• Unrestricted industrial area: Control excavations or penetrations below 3 m (10 ft) and prevent 
uses of the land more intrusive than industrial use above 3 m (10ft). 

• Recreational area (as applied to the SWSA 3 burial ground and the Contractor's Landfill): 
Restrict recreational activity to passive surface use of disposal areas; prevent unauthorized contact, 
removal, or excavation of waste material; prevent unauthorized destruction or modification of engineered 
controls; and preclude use of the areas for additional future waste disposals or alternate uses inconsistent 
with the management of currently disposed waste. 

• Unrestricted areas: None required. 

The NCP established an expectation that treatment will be used to address the principal threats 
posed by a site wherever practicable [40 CFR 300,430(a)(1)(iii)(A)]. Principal threat wastes are those 
contaminated materials considered highly toxic or highly mobile that generally cannot be reliably 
contained or would present a significant risk to human health or the environment should exposure occur. 
Most of the principal threat wastes in Bethel Valley have already been remediated through removal, 
treatment, and fmal disposal. Through early actions, sludges from the Gunite Tanks have been removed, 
and ongoing early actions are removing sludges from the FF A steel tanks, sediments from the surface 
impoundments, and a tank with associated highly contaminated subsurface soil in the North Tank Farm. 
These wastes were all considered to be both highly mobile and very toxic. The remainder of the principal 
threat waste in Bethel Valley consists of other subsurface soil sources of groundwater contamination 
(highly mobile) and the material disposed in SWSA 3 (highly toxic). The selected remedy removes the 
highly mobile soil contamination that is a primary contributor to groundwater contamination. Containment 
is selected for SWSA 3 for two reasons. First, the material in SWSA 3 is quite old and, based on available 
data, appears no longer to be a significant source of media contamination. The groundwater contamination 
beneath the burial ground is above maximum contaminant levels (MCLs). Containment is expected to 
provide some reduction in groundwater contamination, but any failure of the containment system is unlikely 
to result in significantly increased contaminant levels in groundwater. Second, the cost of excavating 
SWSA 3 is significant. Additionally, worker risk from excavating SWSA 3, although difficult to quantify 
because of the great uncertainty of what is buried there, would also be significant. 

The selected remedy for Bethel Valley is the combination ofFS Alternative C-3b (DOE 1999a) for 
the central/east portion of the valley and FS Alternative W-5 for the west portion of the valley, including 
the Raccoon Creek area. Some modifications were made to each alternative as presented in the FS to 
accommodate implementation issues considered during the proposed plan development and to respond to 
regulatory comments on the proposed plan (DOE 2000a). Additionally, some scope was removed from 
Alternative C-3b because it was performed pursuant to an early action decision that expedited one of the 
actions originally included in that alternative. These modifications did not alter the alternatives 
sufficiently to change the evaluation conducted during the FS. Costs were reduced slightly. 
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Following are the major components of the selected remedy: 

• Removal of inactive buildings and other facilities to grade level. Remaining structures at or below 
grade will undergo decontamination and stabilization or removal depending on such factors as cost 
effectiveness and the extent of soil contamination in the area. The Graphite Reactor, which is a 
National Historic Landmark, will be stabilized in place. Demolition material will be disposed at the 
planned Environmental Management Waste Management Facility (EMWMF) or another suitable facility; 

• Installation of caps on SWSAs 1 and 3; 

• Maintenance or enhancements of soil covers on the NR WTP Debris Pile, the FWP A, and the 
Contractor's Landfill; 

• Removal of contents from remaining FF A steel tanks [S-424, T -1, T -2, and high flux isotope reactor 
(HFIR)] and stabilization ofthe tanks with grout; 

• Stabilization of inactive LLL W pipelines in the controlled industrial area, and removal of LLL W 
and process pipelines in the unrestricted industrial area. Pipeline bedding material demonstrated to 
be a contamination migration pathway will be contained through a combination of grouted barriers 
and enhanced shallow groundwater collection. Structures associated with inactive LLL Wand 
contaminated process lines (e.g., pump pits) will be stabilized or removed; 

• Removal of surface soil above remediation levels established for worker protection to a maximum 
depth of 0.6 m (2 ft) in the controlled industrial area, and removal of soil above remediation levels 
established for worker protection to a maximum depth of 3 m (10 ft) in the unrestricted industrial 
area. Soil remediation levels are discussed in Sect. 2.12.8.3. These soils will be disposed at the 
EMWMF or another suitable facility. Contaminated soil near SWSA 3 will also be removed to 
levels established for unrestricted use and may be used as fill material for the SWSA 3 cap; 

• Removal above the water table of soils that exceed remediation levels established for minimizing 
impacts to groundwater (Sect. 2.12.8.3). These soils will also be disposed at the EMWMF or another 
suitable facility; 

• Removal of local creek sediment above recreational remediation levels (Sect. 2.12.8.3) in the local 
creeks and disposal at the EMWMF or another suitable facility; 

• Collection of contaminated shallow groundwater in sumps and junction boxes in Central Bethel 
Valley and extraction of contaminated groundwater from the Core Hole 8 Plume. Groundwater 
removed from Central Bethel Valley will be treated at existing treatment facilities. Pretreatment is 
anticipated to be needed for some waste streams. In situ biodegradation of a groundwater volatile 
organic compound (VOC) plume in East Bethel Valley will be performed; 

• Monitoring to verify the effectiveness of remedial actions and to support a future decision on 
groundwater; and 

• Implementation of LUCs to protect against unacceptable exposures to contamination during the remedial 
actions as well as after completion of all remedial actions in Bethel Valley. 
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While numerous community comments have been made on previous ORNL decisions [e.g., Melton 
Valley ROD (DOE 2000c)] expressing an interest in a final decision being made regarding permanent LUCs, 
information is currently insufficient to make such a fmal decision. However, interim LUCs are being imposed 
and will remain until permanent LUCs are established in future remedial decisions for this area. DOE and the 
other FF A parties are committed to ensuring that LUCs included in a remedial action decision made under the 
FF A will be implemented and maintained for as long as they remain necessary to protect public health and the 
environment. 

1.5 STATUTORY DETERMINATIONS 

The selected remedy is protective of human health and the environment, complies with federal and 
State requirements that are applicable or relevant and appropriate (ARAR) to the remedial action, is cost 
effective, and uses permanent solutions and alternative treatment technologies to the maximum extent 
practicable. No ARAR waivers are required for'this remedy. This remedy also satisfies the statutory 
preference for treatment as a principal element of the remedy (i.e., it reduces the toxicity, mobility, or 
volume of hazardous substances, pollutants, or contaminants as a principal element through treatment). 

Because this remedy will result in hazardous substances, pollutants, or contaminants remaining 
on-site above levels that allow for unlimited use and unrestricted exposure, the statutory CERCLA 
reviews will be scheduled, conducted, and reported in the ORR-wide Remediation Effectiveness Reports 
following the initiation of remedial action to ensure that the remedy is, or will bel protective of human 
health and the environment. 

Hazardous substances above health-based levels will remain in Bethel Valley after implementation 
of this remedy. Because hazardous substances are to remain, DOE, TDEC, and EPA recognize that 
Natural Resource Damage claims, in accordance with CERCLA, may be applicable. This document does 
not address restoration or rehabilitation of all natural resource injuries that may have occurred or the 
question of whether such injuries have occurred. DOE has agreed to fund a pilot study of the Watts Bar 
Operable Unit (OU) that will examine natural resource issues and may provide a model fo,r addressing 
such issues for Bethel Valley; however, this study is not completed. In the interim, neither DOE nor 
TDEC waives any rights or defenses it may have under CERCLA, Sect. 107(a)4(c). 

1.6 ROD CERTIFICATION CHECKLIST 

The following information is included in Part 2, "Decision Summary," oftl?is ROD: 

• contaminants of concern (COCs) and their respective concentrations; 

• baseline risk represented by the COCs; 

• remediation levels established ~or COCs and the basis for the levels; 

• current and future land and groundwater use assumptions used in the baseline risk assessment and ROD; 

• decisive factor(s) that led to selection of the remedy; 

• land and groundwater use t.hat will be available at the site as a result of the selected remedy; 
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• estimated capital, operation and maintenance, and total present worth costs; discount rate; and the' 
number of years over which the remedy cost estimates are projected; and 

• ways in which source materials constituting principal threats are addressed. 

Additional information regarding Bethel Valley can be found in the Administrative Record for 
this site. 
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( 
2.1 SITE NAME, LOCATION, AND DESCRIPTION 

Oak Ridge Reservation (DOE) 
Bethel Valley area at Oak Ridge National Laboratory 
Oak Ridge, Tennessee 
CERCLIS ID TN1890090003 

The 34,516-acre DOE ORR is located within and adjacent to the corporate limits of the city of 
Oak Ridge, Tennessee, in Roane and Anderson counties. The ORR is bounded to the east, south, and 
west by the Clinch River and on the north by the developed portion of the city of Oak Ridge. The ORR 
hosts three major industrial research and production facilities originally constructed as part of the World 
War II-era Manhattan Project: East Tennessee Technology Park (ETTP, formerly the K-25 Site), ORNL 
(formerly X-10), and the Y-12 National Security Complex (Fig. 2.1). 

ORNL is an active laboratory that occupies approximately 3560 acres in Melton Valley and Bethel 
Valley and is located approximately 16 km (10 miles) southwest of downtown Oak Ridge, Tennessee. 
Although ORNL was originally constructed in 1943 to support the Manhattan Project, ORNL's cun-ent 
missions are to conduct applied research and engineering development in support of DOE programs in 
nuclear fusion and fission, energy conservation, fossil fuels, and other energy technologies, and to 
perform basic scientific research in selected areas of the physical, life, and environmental sciences. 

Bethel Valley is a 1734-acre area defined by the upper drainage area of White Oak Creek and its 
tributaries in Bethel Valley. Bethel Valley includes the neighboring Raccoon Creek watershed and a 
small portion of Bearden Creek (Fig. 2.2). Raccoon Creek is included because contaminants detected in 
the surface waters are attributed to contaminant migration from releases in West Bethel Valley. Bethel 
Valley includes headwaters for White Oak Creek, which exits the valley through a water gap into Melton 
Valley. A tributalY of Bearden Creek begins in East Bethel Valley and flows through Haw Ridge and into 
Clinch River (Melton Hill Lake). Adjacent Melton Valley includes fom1er waste areas derived from 
operations at ORNL and comprises the Melton Valley watershed administrative area. 

The Bethel Valley area was divided into the following four areas for the RI (Fig. 2.2) to simplify 
discussion ofRl findings (DOE 1999a): 

• East Bethel Valley, 
• Central Bethel Valley, 
• West Bethel Valley, and 
• Raccoon Creek. 

East Bethel Valley includes the ORNL plant maintenance area. Central Bethel Valley includes the 
main ORNL plant area, which consists of active and inactive buildings, former burial grounds, underground 
LLL W tanks, underground process and LLL W pipelines, and associated underground and aboveground 
utilities. West Bethel Valley contains a burial ground area and a small portion of the plant area. Raccoon 
Creek contains primarily slightly contaminated media that have migrated from West Bethel Valley. The 
RI fmiher divided the heavily industrialized Central Bethel Valley area into four subareas (based on 
building numbers): Central Bethel Valley 2000 Area, Central Bethel Valley 3000 North Area, Central 
Be'thel Valley 3000 South Area, and Central Bethel Valley 4000-6000 Area (Fig. 2.2) (DOE 1999a). 
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Historical processes, programs, and was te management practices associated with the miSSion of the 
laboratory have led to environmental contamination in Bethel Valley. The estimated geographical extent 
of contamination is approximately 100 acres. These processes included chemical separation techniques, 
reactor research and development, radioactive waste storage, and waste burial. Table A.l in Appendix A 
of this document lists each contaminated area from the FF A included in the scope of this decision and the 
corresponding selected remedial action. A large inventory of radioactive waste combined with other 
hazardous waste constituents in numerous locations, which together release contaminants into the 
environment at concentrations exceeding legal or risk-based criteria, are present in the Bethel Valley 
area. The pervasiveness of contamination in the ORNL complex and the similarity of contaminants found 
from di fferent source units complicate determination of well-defined contaminant plumes and distinct 
areas of contamination. Current releases fro m Bethel Valley exit the ORR via White Oak Creek at the 
confluence of White Oak Creek and the Clinch River. 

In accordance with CERCLA Sect. 120 and 40 CFR 300.430(£)(4) and the FFA, DOE is acting as 
the lead agency for this action . TDEC and EPA, as parties to the FF A, provide oversight and approval of 
the remedy selection and related cleanup decisions. 
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( 2.2 SITE HISTORY AND ENFORCEMENT ACTIVITIES 

Weapons research facilities were established in 1943 on the ORNL site as palt of the World War II 
Manhattan Project. ORNL's original mission was to produce and chemically separate the first gram 
quantities of plutonium as part of the national effOit to produce the atomic bomb. As its role in the 
development of nuclear weapons decreased over time, the scope of work at ORNL expanded to include 
production of radioactive isotopes, fundamental research in a variety of sciences, research involving 
hazardous and radioactive materials, environmental research, and radioactive waste disposal. These 
activities, as well as activities at the Y-12 and ETTP, have resulted in the release of contaminants to the 
environment. Because of these contaminant releases, the ORR was placed on the EPA National Priorities 
List (NPL) established under CERCLA [54 Federal Register (FR) 48184, November 21,1989]. 

As a result of the NPL listing, the EPA, TDEC, and DOE signed an FF A for the ORR (DOE 1992a), 
effective January 1, 1992. The general purposes of the FFA include ensuring that the environmental 
impacts associated with past and present activities on the ORR are thoroughly investigated; ensuring that 
appropriate remedial action is taken as necessary to protect the public health and welfare and the 
environment; and establishing a procedural framework and schedule for developing, implementing, and 
monitoring appropriate response actions on the ORR in accordance with CERCLA, the NCP, RCRA, 
NEPA, appropriate guidance and policy, arid in accordance with Tennessee State law. 

ORNL historical missions have produced a diverse legacy of the following contaminated inactive 
facilities, waste disposal areas, and secondarily contaminated media that are potential candidates for 
remediation: 

• buildings and other facilities; 
• buried waste (burial grounds and landfills); 
• buried tanks (gunite, other concrete, and steel); 
• underground process and LLL W pipelines; 
• contaminated surface and subsurface soil; 
• contaminated surface waterlsediment; and 
• contaminated groundwater. 

Historical infonnation identified 173 potential source nnits (i.e., potential sources of contamination) 
in Bethel Valley. Appendix A of the RlIFS lists and briefly describes each unit (DOE 1999a). Specific 
areas that are identified in the RIIFS and the proposed plan (DOE 2000a) as contributors to unacceptable 
risk are the focus of proposed cleanup actions. 

2.2.1 Previous Investigations and Data Sources 

A comprehensive field investigation for the main ORNL plant area [previously refel1"ed to as Waste 
Area Grouping (WAG) 1 and now roughly equivalent to Central Bethel Valley] followed the placement of 
the ORR on the NPL. This activity is documented in the Site Characterization Summary Report for Waste 
Area Grouping I (DOE 1992b). DOE and its contractors have perfollned numerous smaller investigations 
to comply with RCRA, the National Pollutant Discharge Elimination System (NPDES), and other 
environmental statutes, regulations, and permits. Data used for the RlIFS include environmental sampling 
data extending from 1979 to 1997. These data are available in the Oak Ridge Envirorunental hlfollnation 
System, a database that houses environmental data, and can be accessed at the ORR web site 
(http://eimdb-web.bechteljacobs.org: 8080). 
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. 2.2.2 Previous Cleanup Decisions 

Previous cleanup decisions under CERCLA and other authorities have addressed, 01' are now 
addressing, some of the contaminant sources and contaminated media in Bethel Valley, as follows: 

• catch basin improvements at the Core Hole 8 Plume under an action memorandum (DOE 1994b) 
(completed); 

• partial removal of the Waste Evaporator Facility (Bldg. 3506) under an action memorandum 
(DOE 1995)(completed); 

• grouting of the 3001 Storage Canal under an action memorandum (DOE 1996) (completed); 

• removal of the thorium storage wells after NEPA assessment (Herron 1997) (completed); 

• groundwater extraction from existing building and tank sumps (ongoing as patt ofORNL operations); 

• removal of contaminated liquids and sludges at the North and South Tank Farms under an interim 
ROD for the Gunite and Associated Tanks (GAAT) au (DOE 1997a) (ongoing); 

• removal, treatment, and disposal of sludges and liquids from the surface impoundme~ts under a 
ROD (DOE 1997b) (ongoing); 

• excavation of Tank W-IA and associated contaminated soil fi'om a line-leak site thought to be the source 
of the Core Hole 8 Plume, now being conducted under an action memorandum (DOE 1998a) (ongoing); 

• sludge removal and grouting of 24 steel inactive tanks under an action memorandum (DOE 1999b 
and addended in 1999c) (ongoing); 

• groundwater extraction from Well 4411 to enhance containment of the Core Hole 8 Plume now 
being conducted under an addendum to a Core Hole 8 Plume action memorandum (DOE 1999d) 
(ongoing); and 

• pattial removal of the Metal Recovery Facility (Bldg. 3505) under an action memorandum 
(DOE 2000b) (ongoing). 

Stabilization of eight GAAT shells and risers (Tanks W-3 tlu'ough W-I0) is expected to occur in the 
near future under an action memorandum. 

2.2.3 Land Use Controls 

By separate Memorandnm of Understanqing (MOU), EPA, TOEC, and DOE have agreed to 
implement facilitywide celtain periodic site inspections, certification, and notification procedures set 
fOlth in a LUCAP (DOE, EPA, and TOEC 1999). These procedUl'es are designed to ensure DOE 
maintenance of any waste-un it-specific LUCs set forth in this ROD and deemed necessary for future 
protection of human health and the environment. A fundamental premise underlying execution of the 
MOU is that, tlu'ough DOE's substantial good-faith compliance with the procedures called for in .the 
LUCAP, reasonable assurances would be provided to EPA and TDEC as to the pelmanency of those 
remedies which include the use of waste-un it-specific LUCs at the ORR. 
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The tenns and conditions of the LUCAP or MOU are not specifically incOlporatea or made enforceable 
herein by reference. However, DOE, EPA, and TDEC understand and agree that the contemplated 
pennanence of the remedy reflected herein is dependent in palt on DOE's substantial good-faith 
compliance with the specific LUC maintenance commitments reflected herein. Should such compliance 
not occur or should the MOU be tel11linated, it is understood that the protectiveness of the remedy may 
be reconsidered; consequently, additional measures may be needed to ensure adequate and necessary 
future protection of human health and the environment. 

Pursuant to the ORR LUCAP (DOE, EPA, and TDEC 1999), when a remedial action that includes 
LUCs has been selected, a LUCIP will be developed as a component of the post-ROD documentation. 
DOE will develop a LUCIP for Bethel Valley that addresses the same units covered under the ROD and 
submit it to EPA and TDEC for approval. The LUCIP will specify LUC objectives for Bethel Valley, 
identify the controls and mechanisms required to achieve each objective, and describe the actions 
neces~ary to implement and maintain the LUCs. The LUCIP for the LUC(s) selected as part of this action 
will be submitted concurrently with (and have the same review periods and procedures as) the remedial 
design work plan (RDWP) for review and approval by EPA and TDEC. Upon [mal approval, the LUCIP 
(and any approved modifications thereto) will be appended to and become a part of the RDWP and will 
establish LUC implementation and maintenance requirements enforceable under CERCLA and the FF A. 
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( 2.3 HIGHLIGHTS OF COMMUNITY P ARTICIP ATION 

DOE published a public notice of availability for the Proposed Plan jor Interim Actions in Bethel 
Valley, Oak Ridge, Tennessee in The Oak RidgeI', The Knoxville News-Sentinel, The Roane County News, 
the Clinton Courier News, and other local newspapers within the region. The public notice established a 
public conunent period from June 26, 2000, to August 24, 2000. This public comment period was 
subsequently extended by an additional 30 days to September 25, 2000. A public meeting was held July 
27, 2000, to present the preferred alternative described in the pl'Oposed plan (DOE 2000a) and solicit 
public input. All C01U1Uents on the pl'Oposed plan are identified and responses are included in Part 3, 
"Responsiveness SU1U1Uary," ofthis ROD. 

DOE has invited public participation on the Bethel Valley project through publication of fact sheets 
(Fall 1998, Winter 1998, and July 2000) and at multiple public meetings. Additionally, DOE has held 
regular public briefmgs with the ORSSAB, a citizen's panel that provides advice and recommendations 
to the DOE Enviromnental Management Pl'Ogram. The ORR End Use Working GI'OUp (EUWG), a 
subconunittee of ORSSAB, is a community-based advisory organization established in 1996 to pl'Ovide 
recollUnendations to DOE on postremediation ORR land use, cleanup assumptions and goals, and 
beneficial reuse of pOliions of the ORR. DOE, TDEC, and EPA consider EUWG input for revising FF A 
schedules, planning and scheduling future CERCLA evaluations, and implementing remedial actions. 
Further, DOE, EPA, and TDEC use input fl'Om organizations such as the ORSSAB, the Oak Ridge 
Reservation Local Oversight Committee Inc., the Oak Ridge Envil'Omnental Peace Alliance, the U.S. Fish 
and Wildlife Service, and the City of Oak Ridge, as well as members of the general public, to assist in 
selecting and implementing remediation pl'Ograms that reflect local community values. COllUnents 
received throughout the evaluation process have influenced, to the extent practicable, the appl'Oach, 
content, and conclusions of this CERCLA decision document. 

The goals and the selected remedy presented in this ROD are consistent with publicly reconnnended 
end uses. For example, the EUWG reconunended that "DOE remediation decisions achieve, at a 
minimum, a controlled industrial end use for the entire ORNL Bethel Valley area." The EUWG also 
reconunended that "A controlled industrial end use should at least pl'Ovide for surface use of 
contaminated lands. Currently, there are areas where contamination results in the need for controlled 
access. Reducing such areas would enhance the overall viability of the Laboratory. Remediation should 
result in lands that are safe for surface use by ORNL employees." 

This ROD for interim actions presents the selected remedy for pOliions of Bethel Valley. It is 
anticipated that actions taken as part of this remedy will be consistent with final actions selected in future 
decisions for Bethel Valley. This remedy was chosen in accordance with CERCLA as amended by SARA 
and, to the extent practicable, the NCP. This decision is based on the Administrative Record for this 
pl'Oject. Following are the principal documents suppOiting this ROD: 

• Remedial Investigation/Feasibility Study jor Bethel Valley Watershed at Oak Ridge National 
LaboratOJ)', Oak Ridge, Tennessee (DOE 1999a); 

• Proposed Planjor Interim Actions in Bethel Valle)" Oak Ridge. Tennessee (DOE 2000a); and 

• Memorandum ojUnderstandingjor Implementation oj a Land Use Control Assurance Plan (LUCAP) 
jor the United States Department oj Energy Oak Ridge Resen'ation (DOE, EPA, and TDEC 1999). 

These documents and other infol111ation suppOIiing the selected remedy can be found at the 
Information Resource Center, 105 Bl'Oadway Avenue, Oak Ridge, TN, 37830, (865) 241-4582. 
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2.4 SCOPE AND ROLE OF THE ACTION· 

The scope of the remedial actions in this interim decision is focused on a 1734-acre area in Bethel 
Valley (Fig. 2.2). This area includes buildings and other facilities designated for D&D, buried waste, 
underground LLLW tanks (including five in Melton Valley), underground process and LLLW transfer 
pipelines, contaminated smface and subsmface soil, contaminated sediment and surface water, contaminated 
groundwater, and groundwater monitoring wells and piezometers no longer needed for monitoring. Additional 
detail on these scope items is provided in Sect. 2.5.1, Areas ofConcem, and Table A.I, Selected Remedy 
for Individual Potential Source Units in Bethel Valley. 

Previous CERCLA response actions addressed a variety of units located within Bethel Valley. These 
actions included the removal of liquids and sludges from the Gunite Tanks and other tanks at the site, the 
removal of liquids and sludges £i'om the Surface Impoundments, and the removal of Tank W-IA and 
contaminated soils associated with the Core Hole 8 groundwater plume. These previous actions were 
considered in the development of the selected remedy. While some of these early actions will be augmented 
with additional response actions as discussed in this ROD, others will require no additional response actions. 

The scope of the selected remedy does not include active facilities and infi'astrnctnre (e.g., Bldg. 4500 N). 
Additionally, a fmal groundwater decision is not part of the selected remedy. However, this action does 
inclnde interim actions associated with contaminated groundwater within the valley. A final groundwater 
decision is not being made at this time for several reasons. The agencies desire to complete source control 
actions, monitor their effectiveness, and collect limited additional characterization data. These activities 
will allow the agencies to make a more infonned decision for the final groundwater remediation. Because 
this remedy does not make a final groundwater decision, and because it does not include active facilities 
or final LUCs, it is an interim remedy. 

The selected remedy uses contatninant source control and the imposition of LUCs as the overall cleanup 
strategy for Bethel Valley. Contaminant sources will be removed or physically isolated, depending on 
waste characteristics, location, and volume. Source control actions, coupled with LUCs, protect human 
health and the environment by controlling the level of exposure to hazardous substances. Extraction 
and/or in situ treatment of groundwater minimizes further impacts to groundwater and protects surface 
water by reducing the mass of contamination present. How particular source units covered by this ROD 
are to be remediated is detailed in Appendix A. The remedial actions described in this ROD are expected 
to be consistent with the fmal action that will be selected for the Bethel Valley area. 

The selected remedy leaves hazardous substances in place, which would require land use restrictions 
for hundreds of years or longer if no additional remedial action is taken. The selected remedy is considered 
to be an interim decision and will be re-evaluated in the future. Any future measures, including final 
long-tenn LUCs, will be addressed in a future decision document. However, the interim LUCs selected in 
this ROD will continue in effect and remain enforceable as patt of the selected CERCLA remedy until 
·such time as they may be changed by a future CERCLA decision. 

Bethel Valley sources are upstream from Melton Valley. The primary waterway tlu'ough which 
contamination is conveyed out of Bethel Valley is White Oak Creek. This creek flows t1u'ough a gap in 
Haw Ridge into Melton Valley. The Melton Valley sources and contaminated media have undergone an 
earlier decision. The decision in this ROD acknowledges the level of remediation required by the Melton 
Valley ROD and considers the Bethel Valley contribution of contamination into Melton Valley. An 
element of the RAO for Bethel Valley ties directly to meeting the Melton Valley RAO. 
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Many waste areas addressed in this ROD are solid waste management units (SWMUs) as defmed in ( 
the RCRA Hazardous and Solid Waste Amendments of 1984 (HSWA) Permit for the ORR (#TN DOl). In 
accordance with FFA Sect. IV (RCRAfCERCLA Coordination), the parties have agreed that, for the 
inactive SWMUs listed in Appendix A-I(a) of the HSWA Permit, RCRA con-ective action that would 
otherwise be required under that permit will be deferred to the CERCLA response action process as 
implemented under the FFA. FFA-listed sites in Bethel Valley are presented in Appendix A (Table A.l) 
of this ROD, along with the ways in which that site is being addressed under this remedy. A note is added 
if the FFA site is also a designated a SWMU. 

( 
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2.5 SITE CHARACTERISTICS 

Data used in characterizing the Bethel Valley area include environmental sampling data extending 
from 1979 to 1997. A summary of the data sources used in the RI is presented in Table 2.1. Chapter 4 of 
the Bethel Valley RIfFS (DOE 1999a) identifies the historical data and the ORNL data sets that were 
used in the Bethel Valley RI and also describes the data usability evaluation that determined whether the 
data met the requirements of the project and identified any data gaps. This section summarizes the data 
presented in the RI to broadly depict the primary contamination in Bethel Valley. 

2.5.1 Areas of Concern 

Bethel Valley is contaminated from past ORNL operations and waste management practices. Sources 
of contamination include buildings and other facilities designated for 0&0, buried waste, buried tanks, 
and underground process and LLL W pipelines. Most of these sources are found in the ORNL main plant 
area. Contaminated media include soil, groundwater, surface water, and sediment. 

Figure 2.3 shows the Areas of Concern identified in the RI for Bethel Valley. 

Buildings and Other Facilities. The scope of this decision includes a total of 58 inactive buildings and 
other facilities designated for decontamination and decommissioning (0&0). Three of these have ah'eady been 
removed, and another has been stabilized. The remaining 54 facilities have been deactivated (i.e., placed in a 
safe and stable condition that is protective of workers, the pnblic, and the environment) and incorporated into 
an ongoing surveillance and maintenance (S&M) program until 0&0 is completed. Although all of the 
remaining facilities have inactive status, not all are abandoned. Sonie are still being used by DOE for various 
purposes (e.g., office and storage space) and may continue to be used by DOE until 0&0 begins. One of the 
remaining 54 facilities, the Graphite Reactor, is a designated National Historic Landmark. Some of the 
facilities have basements extending below ground surface, although most are constructed on a slab on grade. 
Some facilities contain reactors, hot cells, and other areas that are highly contaminated with radioactive 
material. Other facility contaminants may include polychlorinated biphenyls (PCBs), lead, and asbestos. 

Buried Waste (Burial Grounds and Landfills). The principal buried waste disposal areas in Bethel 
Valley are SWSA 1, SWSA 2, the FWPA, the NRWTP Debris Pile, SWSA 3, and the Contractor's Landfill. 
Between 1943 and 1951, solid low-level radioactive waste was routinely bmied at shallow depths in the 
subsurface soil. Early burial procedures involved using unlined trenches covered by soil or a combination of 
concrete caps and soil. SWSA I, in Central Bethel Valley, is a I-acre burial ground used from 1943 to 1944. 
The volmne of waste in SWSA I is estimated at 12,400 m3 (16,200 yd'), SWSA 2 received waste from 1944 to 
1946 in an area in Central Bethel Valley COVeilng about 3.6 acres. The contents of SWSA 2 were later 
excavated and moved to the eastern end of SWSA 3 in West Bethel Valley. (The residual contalnination at the 
SWSA 2 area is addressed in this ROD as an area of subsmface soil contrunination.) The FWP A is estimated to 
have a volume of 1600 m3 (2100 yd3

) of prin,ru'ily soil and construction/demolition debris. The NR WTP 
Debds Pile is estimated to have a volume of 3170 m3 (4150 yd3

) of ptimarily consttuctionfdemolition deblis. 

SWSA 3 is a 7-acre burial ground located in West Bethel Valley that received waste fi'om multiple 
sources from 1946 to 1951. During this time, ORNL served as a disposal site for wastes fi'om such facilities as 
the Mound LaboratOlY and the University of Chicago, as well as the three ORR plants. Alpha-emitting 
radioactive wastes were contained in chums, set on concrete, and covered with concrete. Betafgallllna-emitting 
radioactive wastes were bmied in unlined trenches and backfilled with soil. The contents of SWSA 2 were 
excavated and moved to the eastern end of SWSA 3 after SWSA 2 was closed in 1946. The volmne of waste 
and contaminated soil in SWSA 3 is estimated at 96,700 m3 (126,500 yd'), 
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Table 2,1. Data used in the Bethel Valley RI, ORNL, Oak Ridge, Tennessee 

Media Soul'ce Dates 
SE Spalding and Cerling (1979) sediment data 1981 
SE,SW Compliance radionuclide data 1991-1996 
SE,SW Mercury-compliance data (Taylor 1989, 1990, 1992) 1987-1990 
SW Inorganic data-WAG 2 seeps 1993-1995 
SW Radionuclide data-WAG 2 seeps 1993-1995 
SW VOC data-WAG 2 seeps 1993-1995 
SW 92-WAG 2 seeps 1991-1992 
SW Organic data-WAG 2 seeps 1993-19-95 
SE TDEC sediment sampling 1997 
GW,SO 7000 Area sampling (Rowher 1987) (four data sets) 1986 
SW 
SO 
SO 
GW 
SW 
GW 

Raccoon Creek surface water (Steuber et aJ. 1981) 1981 
WAG 3 soil sampling (Steuber 1979) 1979 
WAG I SCSR radionuclide soil data 1991 
WAG I SCSR radionuclide groundwater data 1990--1992 
Raccoon Creek data subset of SWSA 3 data set 1996 
WAG I EE/CA 1995 

Sources: RO\\her, P,S. 1987. Personal comnllmication to H. Wayne Hibbits. Director. Envirollmental Protection 
Division. U.S. Department of Energy. Oak Ridge Operations. "Site Characterization-Gasoline Tank-Oak 
Ridge National Laboratory." April 13, 1976, ORNL, Oak Ridge, TN. 

Spalding. B.P., and T.E. Ceding 1979. Assodation of Radiol1llclides with Streambed Sediments in White Oak 
Creek Watershed, ORNLfTM-6895, ORNL, Oak Ridge. TN. 

Steuber. A.M. 1979. Intra-laboratory correspondence to E.M. King on March 13. 1979, ORNL. Oak Ridge. 
TN. 

Steuber. A.M .. 'Vebster. D.A .. MlUlfO, I.L., Farrow, N.D., and T.G. Scott 1981. An Evalltalioll a/Some S1'-90 
Sources in the White Oak Creek Drainage Basin. ORNLtrM~ 7290. ORNL. Oak Ridge. IN. 

Taylor. F.G .• Jr. 1989. A1erellr), Assessment for the Water and Sediment in Oak Ridge National Laboratory 
Streams. ORNLIM-713, ORNL. Oak Ridge, TN. . 

Taylor. F.G., Jr. 1990 . . Mercury A1ollitoring 0/ Water and Sediment in Oak Ridge National Laboratory. 
Streams Dllrillg 1989. ORNLIM-I030, ORNL, Oak Ridge. TN. 

Taylor, F.G .. Jr. 1992. Monitoring/or j\1ercllry ill the Aquatic Environment o/Oak Ridge National Laboratory 
1991. ORNL, Oak Ridge, TN. 

CA = cost analysis 
EE = engineering evaluation 
GW = grOlUldwater 
ORNL ~ Oak Ridge National Laboratory 
RI = remedial investigation 
SCSR = site characterization sunullary report 
SE = sediment 

SO = soil 
SW = surface water 
SWSA = solid waste storage area 
TDEC = Tetmessee Department ofEnvirolllllent 

and Conservation 
VOC = volatile organic compound 
\VAG = waste area grouping 
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The Contractor ' s Landfill, also in West Bethel Valley, was used as a disposal site for construction debris 
and noncontaminated demolition materials; its volume is estimated at 105,500 m] (138,000 yd\ Some material 
may be lightly contaminated. 

Buried Tanks. Most of the LLL W system in Bethel Valley was installed during the late 1940s and 
1950s. The system was designed to collect LLLW in buried tanks (usually outside of work areas) to protect 
workers from urmecessary exposure. Various actions to reconfigure and improve the LLL W system over the 
last 40 years have resulted in a variety of tank construction, containment, and radioactive inventories. The 
scope of this decision includes most of those portions of the LLL W system that have been taken out of service. 
Table A.l lists 61 tanks, 5 of which are in Melton Valley. These tanks are made of gtmite, concrete, or steel. 
Forty-three of them have previously been emptied of remaining materials and grouted in place or removed. 
Early actions are addressing or will address 14 tanks. The four remaining tanks, Tank S-424 in Bethel Valley 
and Tank T-l , Tank T-2, and the HFIR Tank in Melton Valley, are remediated under this decision. The latter 
three tanks were until recently included with 24 other inactive tanks under an action memorandum 
(DOE 1999b and addended in 1999c). The action memorandum specified sludge removal from the tanks and 
transfer of the sludge to the Melton Valley Storage Tanks to await final processing at the TRU Waste 
Treatment Facility. However, the sludge in the HFIR Tank and Tanks T -1 and T -2 contam ion exchange resin 
that is not compatible with the process employed at the TRU Waste Treatment Facility, and there is no proven 
technology that can be readily applied to resolve the incompatibility. Since the sludge from the three tanks will 
need to be evaluated and treated separately from the sludge of the other inactive tanks, remediation of the three 
tanks has been incorporated into the selected remedy. 

A non-time-critical removal action is plarmed in the near future to stabilize eight GAA T shells and risers 
(Tanks W-3 through W-IO) located in the North Tank Farm and South Tank Farm. A recently completed 
interim action (DOE 1997a) has removed the tank contents to the extent practical, and the tanks are currently 
being maintained under an S&M program. Although the stabilization of these tanks was included in the Bethel 
Valley alternatives during the RIlFS and proposed plan stages of decision development, the action has been 
removed from the scope of the remedy and placed in a non-time-critical removal action where its 
implementation schedule will be accelerated. Concerns associated with tank shell integrity precluded 
postponement of the stabilization until after ROD approval. 

Underground Process and LLLW Pipelines. Central/East Bethel Valley contains more than 
17,000 lin m (56,000 lin ft) of inactive pipelines constructed of various materials (vitrified clay, steel, etc.) with 
diameters of up to 15 cm (6 in.) Most (90%) of these pipelines were used to transfer waste from the research 
facilities (LLLW pipelines) to the tanks, impoundments, and/or treatment facilities. The remainder (process 
waste pipelines) transported lightly contaminated stormflow. In addition to the potential for unacceptable 
human exposure from those pIpelines and any remaining radioactive contents, these pipelines and their 
trenches and backfill represent a potential flow pathway for contaminated groundwater. 

Associated with the underground pipelines are a number of pump pits, valve boxes, manholes, man ways, 
vaults, dry wells, and other subsurface structures used to house, control, or monitor utilities. Those subsurface 
structures containing LLL W pipelines are generally highly contaminated with radioactive material. 

Soil. Contamination is present in surface soil [defined here as less than 0.6 m (2 ft) deep] and in 
subsurface soil [defined here as greater than 0.6 m (2 ft) deep]. Ultrasonic Ranging and Data System data 
indicate several areas that exhibit surface radioactivity (Fig. 2.4). These areas are listed here in general order of 
largest areas of contaminant extent: 

• White Oak Creek floodplain soils, 

• South Tank Farm, 
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• SWSA 3, 
.. North Tank Farm, and 
• Isotopes Area . 

Analyses of soil samples reveal many different radionuclides in these areas. Cesium-l3 7 is the most 
,. . 60 778 7140 P "8 90 708 . common radlOnuchde present, With Co, -- Ra, - - -Pb, -- Ac, Sr, and - Tl also prevalent. CeslUm-I37 

can be found at concentrations of 28 ,000 pCi/g (compared to a background level of 0.9 pCi/g) . 
Cesium-137 is found extensively in the White Oak Creek floodplain, reflecting the affinity of this 
constituent to sorb to soils and sediment. Other radionuclides are found disseminated throughout the 
main ORNL complex, resulting from various accidental releases. Samples of surface soil collected from 
about 220 locations throughout Bethel Valley have been analyzed for both radiological and chemical 
constituents. Compared to radiological constituents , the distribution of chemicals in surface soil is less 
extensive and the concentrations not as high. Contaminated soils in West Bethel Valley include several 
discrete areas of surface soil contamination. Surface soil contamination hot spots are present over a total 
of approximately 3 acres in the vicinity of SWSA 3, the Contractor ' s Landfill , and the Closed Scrap 
Metal Area . Cesium-13 7 is common in SWSA 3 soils, 

There were numerous subsurface releases at ORNL, including leaks from pipelines, Subsurface samples 
were collected from more than 195 locations throughout Bethel Valley and analyzed for radionuclides, 
metals , or organics . Analytical results indicate at least four areas of significant subsurface contamination: 
Bldg. 3019, both the North and South tank farms, and the Isotopes Area. Soils surrounding Bldg. 3019 are 
contaminated from a series of historical pipeline leaks with gross beta activity as high as 16,005 pCi/g 
and gross alpha as high as 1043 pCi/g. Samples in the area contain elevated concentrations of radionuclides 

h 1J7C 1 d" . 60C d 738/739040p S 'I h" I . I' I k h suc as s, tota ra lOactlve strontIUm, 0, an - - - U. 01 S near a Istonca pipe me ea nort 
of Bldg. 3019 contained gross beta activity as high as 1855 pCi/g and gross alpha up to 3104 pCi/g. 
S 'f' d' I'd ' h' 1 k' . 1 d 741 60C 137C 157E 7HC d 739fJ 40p A peci IC ra lOnuc I es occurnng at t IS ea site mc u e - Am, 0, s, - u, - m, an - - u. s 
with other samples in the vicinity of Bldg. 3019, the highest concentrations were found in samples 
collected from the 3- to 5-m- (10- to 15-ft-) depth interval. 

Subsurface soil samples at the North Tank Farm exhibited up to 62 ,600 pCi/g gross beta activity and 
2570 pCi/g gross alpha at a depth of 5 m (15 ft). Soils surrounding Tank W-1A in the North Tank Farm 
are highly contaminated with alpha-, beta-, and gamma-emitting radionuclides . Gross alpha activity 
levels ranged from l3,000 to 84,000 pCi/g; the highest levels were detected immediately adjacent to the 
tank. Gross beta activity levels ranged from 40 ,000 to over 500,000 pCi/g. Strontium-90 levels ranged 
from 9 to 33 ,500 pCi/g (DOE 1998a) . In addition to 90Sr, radiological contamination in soil surrounding 

, .. . 137 60 3 733034 738 739 the tank (and m tank hqUJd samples) mcluded Cs, Co, H, - - D, - D, and - Pu. 

Analytical results from sot! borings in the South Tank Farm indicate that soil contamination is 
dominated by 90Sr (0 to 539 pCi/g) and I37Cs (0 to 760 pCi/g). Soils in the Isotopes Area exhibited 
activities of up to 1890 pCi/g gross alpha and 3218 pCi/g gross beta. 

Mercury contamination is present in soil near Bldgs. 3503, 3592, 4501, and 4508. The highest 
mercury concentrations in soil borings were detected adjacent to Bldg. 3592 . The concentrations in the 
borings ranged from <5 mg/kg to 548 mg/kg; concentrations generally decreased with depth, suggesting a 
surface release . Mercury in soil underneath Bldg. 4501 is the suspected source of contamination in 
multiple basement sumps that are being pumped and discharged to the Process Waste Treatment 
Complex (PWTC) or White Oak Creek. 
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( East Bethel Valley soils are not extensively sampled, and there are limited subsurfac.e soil data in 
parts of the main plant area such as the 2000 Area. These and other uncertainties wilt be managed 
through the use of contingent actions and decision rules, which are described in Sect. 2.12.5. 

Groundwater. Groundwater contamination is detected in most subareas. The most significant 
contaminant plumes are identified as Core Hole 8, the Central Bethel Valley South Area, SWSA 3, and 
East Bethel Valley (Fig. 2.5). These areas differ considerably in the nature and severity of contamination. 
The Core Hole 8 Plume has 90SI' and 234U to levels of 532,632 and 58,700 pCilL, respectively. The MCL 
for 90SI' is 8 pCiIL. The Central Bethel Valley South Area contains much less 90SI' (max of 10,300 pCilL) 
and some 3H (max of 897,000 pCiIL compared to an MCL of 20,000 pCilL). The SWSA 3 plume is 
primarily 90SI', with only one well above 1000 pCiIL immediately under the burial ground. East Bethel 
Valley has a VOC plume consisting largely of trichloroethene (TCE) and probable degradation 
compounds, including 1,2·dichloroethene (DCE) and vinyl chloride. In addition to contaminant plumes, 
groundwater in the Central Bethel Valley area coutains numerous radionuclides of varied concentrations 
not associated with a particular plume. Several metals are also present including arsenic, antimony, and 
vanadium. 

The Core Hole 8 Plume migrates across the Central Bethel Valley 2000 Area and discharges to First 
Creek. The lateral extent and depth is not completely characterized, although the plume reaches at least 
27 m (90 ft) deep. Strontium·90 is the leading constituent of the plume, which originates from long·tenn 
leakage from the North Tank Fann in the Central Bethel Valley 3000 Notih Area. Discharge of this plume 
to First Creek has historically accounted for 20% ofthe 90SI' released over White Oak Dam (DOE 1998b). 
A removal site evaluation concluded in 1994 that contaminated groundwater seeping into the stonn sewer 
system was being routed to stOlID sewer outfalls discharging to First Creek. Further investigation showed 
that contaminated groundwater entered the sewer system through three catch basins in the westem part of 
ORNL. A removal action was initiated in December 1994 to install a groundwater collection and transmission 
system to intercept groundwater containing 90SI' before it discharged to First Creek. Two inoperative stonn 
sewer catch basins were replaced with porous sumps; the third basin remained operational but was modified 
so that groundwater entered a porous sump beneath the basin while the basin itself was sealed to prevent 
groundwater infiltration. In March 1998, an additional groundwater interceptor trench was installed that 
connects to the original system. This trench provides additional contamination release control. All collected 
groundwater is piped to the PWTC for treatment and discharged through an existing NPDES outfall. 

Tritiu.m is present in groundwater throughout the area, and areas of elevated concentrations reveal 
probable release points and suggest migration pathways. In the ORNL main plant area, the surface 
impoundments in the Central Bethel Valley 3000 South Area are an apparent source of'H; a second 3H 
source may be the Radioactive Waste Evaporator (Bldg. 2531) in the Central Bethel Valley 2000 Area. The 
radionuclide migrates in the shallow subsurface and discharges to White Oak Creek. Concentrations of 3H 
are apparently diminishing as a result of radioactive decay. The lateral extent of elevated 3H concentrations 
is well defmed at ORNL, and the depth of contamination extends to > 150 m (200 ft) in the subsurface. 

Contaminants such as 90SI' are known to occur in some of the monitoring wells around SWSA 3 at 
depths generally <30 m (100 ft) below the ground surface. The distribution of contaminants indicates a 
long [>900 m (3000 ft)], nan-ow [approximately 80 m (250 ft)] plume (Fig. 2.5), suggesting flow through 
a discrete bedrock pathway. The highest 90SI' concentration (1000 pCi/L) occun-ed at a depth of 
approximately 9 m (30 ft) at Well 493. The well, located within SWSA 3, has been sampled once (1996). 
A 90SI' concentration of 661 pCilL occurred at an approximate depth of 11 m (35 ft) at Well 41, which is 
located between the eastem edge of SWSA 3 and NOlihwest Tributary (NWT). 
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Tritium has exceeded the MCL (20,000 pCilL) at a single well (994) in SWSA 3. The 3H 
concentration in the well has decreased fi'om a maximum of 32,432 pCi/L in 1991 to 14,595 pCilL in ( 
1996. Tritium exceeded the MCL on one occasion (1991) at Well 0535 in the Central Bethel Valley 1000 
Area, but the concentration has diminished significantly since that single event. Chlorinated solvents 
have been detected in several wells in the West Bethel Valley area; however, only TCE, vinyl chloride, 
and methylene chloride were detected at levels that slightly exceed MCLs at four wells (985, 986, 996, 
and 998) in and near SWSA 3. MCLs for these compounds are 5, 2, and 5 flglL, respectively. Inorganic 
constituents are frequently detected in groundwater samples in the West Bethel Valley area; however, 
only antimony and cadmium exceeded MCLs in two wells (533 and 536). Arsenic was also detected in 
unfiltered water samples from a number of monitoring wells in West Bethel Valley. 

Groundwater is known to discharge tln'ough seeps and springs in both the NWT within the West 
Bethel Valley area and in the headwaters of Raccoon Creek to the west. Analysis of the 90Sr release 
signatpre for these two streams suggests that the Raccoon Creek contaminant source tmvels through a 
bedrock flow pathway and may be fed by a secondary contaminant source in bedrock or sediment in 
cavities. This is supported by the relatively consistent contaminant flux through a wide range of surface 
water discharge rates at the surface water monitoring station in the Raccoon Creek subwatershed. The 
contaminant release through the NWT, on the other hand, though traveling through conduits, shows 
increasing contaminant flux with increasing surface water flow, suggesting a fairly direct link between 
hydrologic activity in the SWSA 3 waste burial area and contaminant discharge into the stream. 

Measurements of contaminant concentrations in the tributaries of White Oak Creek have generally 
shown a decreasing trend, suggesting that 'the peak concentrations have passed through the system. 
However, if there are readily transported contaminants that have not yet been released to the groundwater 
within SWSA 3, concentrations could increase. This scenario presumes that containers exist that have not 
fully degraded and previously released contaminants. 

VOCs are detected in several areas of ORNL, but the only identifiable plnme is found in East Bethel 
Valley. TCE and TCE degradation products extend into the bedrock aquifer to depths >30 m (100 ft). The 
lateral extent has not been defined. Concentrations ofTCE in one well (up to 15,000 flg/L in Well 1201) 
and increasing concentrations with depth suggest this plume may include dense nonaqueous-phase liquid 
(DNAPL). Solvent-related contaminants are detected in groundwater in other areas of ORNL, but the 
data indicate no large releases 01' potential source areas. The pervasiveness of vinyl chloride (a 
degradation product of TCE) in wells containing VOCs suggests some natural degradation of these 
contaminants. Very little is known about the extent of this plume or its concentmtion trend over time. 

Surface Water. SUliace streams that drain Bethel Valley receive contamination fi'om direct groundwater 
discharge and infiltration of groundwater into utility lines that ultimately discharge to the streams. The 
most pervasive sUliace water contaminants include 90Sr and 3H. These radionuclides enter surface streams 
from diffuse areal discharges (e.g., 3H along the southem portion of the main plant, 90Sr from SWSA 3 
into NWT) or more discreet areas eOSr fi'om the Core Hole 8 Plume) to point sources (discharge from the 
PWTC and other pel1nitted facilities). Cesium-137 may also be derived from resuspension of contaminated 
sediment during sampling events. Surface waters in NWT and Raccoon Creek are lightly contaminated with 
90SI' as a result of discharge of grOlmdwater to these tributaries. Total radioactive strontium was detected in 
130 out of 131 samples fi'om the waters of the NWT during the 1987-1996 time period. Strontium-90 
concentrations ranged from 0.703 to 104 pCilL at the NWT monitoring station. 

Strontinm-90 in surface water emanating from the Central Bethel Valll"Y 2000 Area is a significant source 
of off-site contanlination fi'om ORNL. Smiace waters in the Central Bethel Valley 2000 Area include First 
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Creek and a segment of White Oak Creek. Monitoring at the First Creek weir for 83 months yielded positive 
detections for 90Sr for all sampling events . The range in 90Sr concentrations is 10 to 480 pCi/L, with 
approximately 70% of the data in the lower half of that range . Contaminant discharges into First Creek 
have been reduced as a result of the completion of several removal actions in the last five years designed to 
mitigate discharge from the Core Hole 8 Plume. Central Bethel Valley 3000 South receives the greatest 
discharge from ungauged sources of radiological contamination from ORNL because of its down gradient 
position between many of the ORNL experimental, research, and production facilities and White Oak 
Creek. Strontium-90 and 3H migrate readily within White Oak Creek and exit the watershed past the 7500 
Bridge and ultimately are discharged over White Oak Dam. 

Inorganics such as arsenic and mercury are also detected in surface water. Mercury is present at 
concentrations in excess of A WQC within the ORNL complex, but concentrations diminish before exiting 
the watershed (Fig. 2.6) . No obvious source of arsenic has been determined, but arsenic is also present 
downstream in the Melton Valley watershed. Arsenic data are limited. Concentrations of arsenic up to 
approximately 20 times background were found. 

Sediment. Generally, contaminated sediment has accumulated in the lower reach of White Oak 
Creek in Bethel Valley. Sediment from White Oak Creek below the ORNL complex has been regularly 
sampled, but sediment sampling data are limited for smaller tributaries. Cesium-137 is the most pervasive 
contaminant, with 60Co, mercury, and PCBs also present. Cesium values in sediment in White Oak Creek 
vary from 10 pCi/g to a maximum of 4160 pCi/g, with an average concentration of 20.5 pCi/g. Cesium 
levels in First Creek are lower, with a maximum of 66 pCi/g. Little cesium has been detected in sediment 
samples collected from NWT and Raccoon Creek. Historical data reveal high levels of mercury in Fifth 
Creek sediment (Fig. 2.6) . For example, sediment sampled at Outfall 261 had mercury levels 
> 1000 mg/kg before 1990. Those levels had fallen to roughly 100 mg/kg in 1996. Most of the sediment in 
White Oak Creek is lightly contaminated with mercury «10 mg/kg) although levels in White Oak Creek 
sediment above Fifth Creek increased since 1993 to a 1996 maximum of 15 mg/kg. The sources of 
mercury are past releases that continue to migrate into surface water from sumps and storm drains that 
discharge to surface water. There are limited sediment data in these tributaries (three sampling stations). 
Samples from these stations have had contaminant levels mostly at or below background. 

2.5.2 Conceptual Model 

The data compiled for the Bethel Valley Rl (DOE 1999a) provide a general framework of contaminant 
distribution that is interpreted in a sitewide conceptual model. This model focuses on contamination that 
covers broad areas and may migrate outside the area. Figure 2.7 illustrates some of the elements of this model. 

Mobile contaminants in West Bethel Valley are derived from SWSA 3 leachate infiltrating to 
groundwater, and surface exposure and erosion of uncovered contaminated material. SWSA 3 is located 
on a groundwater divide, allowing contaminants that have leached to the groundwater to migrate west to 
Raccoon Creek and east to NWT. Groundwater discharging to these surface water bodies contaminate the 
surface water. Contaminants that are eroded from exposed material or contaminated soil at the burial 
ground enter an unnamed tributary that enters NWT. This contamination can settle into the sediment. 

In the ORNL main complex (Central Bethel Valley 3000 Area), areas of exposed radioactive 
materials (including buildings) are common. These areas are well delineated, and institutional controls 
minimize risk to workers. Contaminated soils and buried sources leach contaminants to groundwater that 
discharge to First Creek, Fifth Creek, and White Oak Creek. Leaks from process lines, tanks, and 
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( 
buildings are the primary sources of groundwater contamination. Groundwater traveling in bedrock 
follows fractures and solutional conduits preferentially along strike toward· the creeks or man-luade 
features such as pipelines or sumps. Recovery of contaminated groundwater by building sumps is an 
important mechanism that limits TIuther spread of some contaminant plumes. 

A VOC plume in East Bethel Valley is not fully characterized, but the distribution of contamination 
suggests a surface or shallow subsurface release of TCE. It is most likely that the dense solvent has 
migrated below the water table and into the bedrock aquifer, subsequently following discreet fracture and 
solutionally enhanced conduits to deeper intervals in the bedrock. An area of DNAPL may reside in the 
bedrock and act as a secondmy source of dissolved VOC contamination that travels downgI'adient with 
the gI·oundwater. 

Surface waters iIi Bethel Valley serve as the iIltegration point for contaminant migration out of the 
area. Once contaminated gI'oundwater enters the surface water, the material may react to the change in 
physicochemical propelties of the receiving stream, be adsorbed to sediment, or be taken up by biota. 
Mobile contaminants such as 90Sr and 3H remain as dissolved constituents of surface water and migrate 
downstream, out of the Bethel Valley area. Less mobile contaminants such as 137 Cs and mercury adsorb 
to sediment and are periodically resuspended during high flows to be either transpOlted downstream or 
deposited along the floodplain. 
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( 2.6 CURRENT AND POTENTIAL FUTURE LAND AND RESOURCE USES 

In order to focus remedial planning, DOE evaluated and detennined current and anticipated future 
land and resource uses. This allowed DOE to propose and select remedial actions protective of receptors 
consistent with exposure under these land and resource use scenarios. 

2.6.1 Current Land Uses 

The ORNL complex in both Bethel Valley and Melton Valley is currently a restricted area under 
DOE control. Public access is restricted. ORNL also implements a variety of institutional controls to 
control access to surficial and subsurface contamination. Areas surrounding ORNL are periodically used 
for hunting. Although these areas are considered clean, access to them is controlled for security reasons 
and because roaming wildlife taken during hunts may be contaminated. In general, this land is not used 
by humans for purposes other than hunting, but it does include areas being considered for continuing 
growth of the laboratory. 

2.6.2 Current Surface Water and Groundwater Uses 

Surface water bodies in Bethel Valley are currently used for supporting wildlife and aquatic life. 
While humans may have some limited access to streams outside the labo1'3tory during the annual hunts, 
there is no routine use of any streams on the ORR by humans. Groundwater, which is contaminated 
tlU'oughout much of Bethel Valley, currently has its use restricted by DOE. 

2.6.3 Anticipated Future Uses 

Reasonably anticipated future uses of land in Bethel Valley are an impOitant consideration in 
determining the types and frequencies of exposures to residual contamination and the appropriate extent 
of remediation. Consistent with EPA guidance Land Use in the CERCLA Remedy Selection Process 
(EPA 1995), DOE solicited input on anticipated future land use from the other FFA p31ties (EPA imd 
TDEC), local land use planniug authorities, and the local public during the scoping phase of the RIfFS 
(DOE 1999a). Anticipated future uses considenid during development of the ROD and prior CERCLA 
documentation are as follows: 

• controlled industrial, 
• unrestricted industrial1' 

• restricted access waste disposal, 
• unrestricted, and 
• recreational. 

Since ORNL is an active industrial facility and is expected to remain goverrunent owned and 
operated for the foreseeable future, the unrestricted (i.e., residential) land use scenario was eliminated as 
a likely future use for the Central/East Bethel Valley area and the industrial portion of the West Bethel 
Valley area (ORNL 1000 Area). Cleanup options, therefore, focused on industrial land use scenarios in 
those areas. Achieving unrestricted industrial use requires removal of all contaminated media in the top 
3 m (10 ft) of soil that are above remediation levels. Because of past and current usage, the presence of 
extensive subsurface contamination, and DOE's likely 10ng-tel1n presence at the laboratory, controlled 
industrial use is also considered for these areas. Controlled industrial use depends more on isolation of 
subsurface contamination than removal. 
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Unrestricted use is a reasonable cleanup objective for all areas outside of the industrial development 
within CentrallEast Bethel Valley and in the nonindustrial portion of West Bethel ValleylRaccoon Creek 
Area (i.e., west of the ORNL 1000 Area). Achieving unrestricted use requires removal of all contaminated 
soil that is above remediation levels. Because buried waste is costly to remove and dispose of, recreational 
(passive surface) land use was also considered for SWSA 3 and the Contractor's Landfill. [Note: During 
alternative development, the anticipated land use for SWSA 3 and the Contractor's Landftll was restricted 
access waste disposal. This land use was modified to recreational during development of the proposed 
plan (DOE 2000a).) In the event property on the Bethel Valley site is transferred to non-federal 
ownership before completion of remedial actions in the area to be transferred, CERCLA requirements, if 
any, associated with the transfer will be addressed separately from this ROD. ApproximatelY 6.6 acres, 
predominantly an asphalt-paved parking lot east of Bldg. 4500 North, has been transferred to non-federal 
ownership. Two more. parcels (1.7-acre parking lot area northeast of Bldg. 5002 and approximately 
I-acre parking lot area northwest of Bldg. 1505) are being considered for transfer to non-federal 
ownership. These three areas do not require any soil cleanup for unrestricted industrial land use. 
Information considered in making this determination included the RIIFS, historical ORNL activities, and 
confirmatory walkover sUlveys. Locations of these three parcels are shown in Fig. E.I in Appendix E. 

The future use for surface water and underlying streambed sediment was selected to be consistent 
with the state's stream use classification. White Oak Creek is cuo-ently classified by the State of 
Tennessee for Fish and Aquatic Life, Recreation, and Livestock Watering and Wildlife uses, but not for 
Domestic or Industrial Water Supply or Irrigation. All other named and unnamed surface waters in the 
watershed are classified for Irrigation, in addition to the same three basic uses as White Oak Creek, by 
default under the Rules of the TDEC Chap. 1200-4-4. Therefore, protection of the surface water bodies 
for recreational use (considered representative of the classifications listed above), in combination with 
ecological protection, has been selected as the basis for surface water and sediment remediation. 

The ability of remedial actions to restore groundwater has been shown to be directly related to the 
ability to fmd and remediate ongoing sources of contamination to the groundwater. Therefore, a decision 
on the future use of groundwater has been defeo-ed pending an evaluation on the effectiveness of source 
actions presented in the selected remedy. 
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( 2.7 SUMMARY OF SITE RISKS 

The baseline risk assessment estimates the risks that the 
site poses to human and ecological receptors if no action is 
taken. It provides the basis for action and identifies the 
contaminants and exposure pathways that need to be 
addressed by the remedial action. This section of the ROD 
summarizes the methods used to complete the human health 
and ecological risk assessments and their peltinent results for 
the Bethel Valley area. The information is presented here to 
support the selected remedies and to familiarize the reader 
with the basis for undertaking remedial action within the 
Bethel Valley area. The full results of the human health and 
ecological risk assessments can be found in Vols. 1 and 2 of 
the RlIFS (DOE 1999a). 

2.7.1 Summary of Baseline Human Health Risk Assessment 

This section summarizes the various steps of the baseline 
human health risk assessment and presents significant results 
used in making decisions for Bethel Valley. The risk assessment 
is based on a set of identified COCs that are present at the 
site. Pathways of exposure to a potential receptor are 
identified, and a toxicity assessment is then done to evaluate 
the risk these contaminants pose to the potential receptor. 

2.7.1.1 Identification of contaminants of concern 

This section was prepared in accordance 
with recommendations for writing the 
"Summary of Site Risks" section in EPA's 
"A Guide to Preparing Superfund Proposed 
Plans, Records of Decision, and Other 
Remedy Selection Decision Documents' 
(July 1999). The summary of the Baseline 
Human Health Risk Assessment and 
Ecological Risk Assessment in this ROD 
is quite lengthy due to the size of the , 
Bethel Valley RI and the fact that it was 
organized around a number of geographic 
areas and functional subareas (e.g., East 
Bethel Valley, Central Bethel Valley 3000 
North, Central Bethel Valley 3000 South, 
West Bethel Valley, etc). Readers desiring 
to review only the overall conclusions of 
the baseline risk assessment and the 
corresponding basis for aclion at this site 
are directed to .Sect. 2.7.3 (p. 2-83), 
Conclusions from Baseline Risk Assessment 
and Basis for Action. 

This section presents the COCs for each of the environmental media addressed by' the baseline 
human health risk assessment for Bethel Valley. In this section, the COCs are presented in tables by area 
within media type (Le., soil, sedinlent, surface water, and groundwater). 

The COCs presented in the tables were selected following EPA Region 4 guidance. Specifically, 
COCs are defined in that guidance as contaminants detected at a site that significantly contribute to a 
pathway in a use scenario for a receptor that either (a) exceeds a cumulative excess lifetime cancer risk 
(ELCR) of I x 10.4 or (b) exceeds a cumulative noncarcinogenic hazard index (HI) of I. Contaminants 
are not considered to be significant contributors to risk if their individual carcinogenic risk contribution 
is less than I x 10.6 and their noncarcinogenic hazard quotient (HQ) is less than 0.1. 

In the tables, the following information is presented: 

• exposure point (i.e., the location where the receptor contacts the contaminated media), 

• COC, 

• minimum and maximum detected concentration, 

• units of measure for the detected concentration, 

• frequency of detection, 

OO·026(doclll! 1601 2-31 No\-ember 16. 200t 



• exposure point concentration (i.e., the concentration of the chemical used in deriving the risk estimate); 
( 

• percent of total risk (i.e., ELCR) posed by the individual COC, and 

• statistical measure (i.e., the summary statistic used to represent the chemical's average exposure 
point concentration). 

The media addressed in Tables 2.2-2.5 are soil, sediment, surface water, and groundwater, respectively. 
Assessment results for soil are those derived over all sampling results collected within each of the Bethel 
Valley areas (i.e., area assessment results) and are for industrial use, the anticipated future land use for most of 
the Bethel Valley developed area. Assessment results for sediment and surface water are those derived from 
data collected at individual sampling locations (i.e., point-by-point assessment results) and are for recreational 
use, a future use consistent with the state's stream use classification. Assessment results for groundwater are 
those derived over all sampling results collected within each of the Bethel Valley areas (i.e., area assessment 
results) and are for industrial use. Industrial use is assumed only for the purpose of presenting a sununary of 
groundwater COC results, and is not a goal for this ROD. The groundwater will not have an anticipated future 
use until DOE goes through the state's procedure for classifYing groundwater on the ORR, andlor until the fmal 
groundwater decision is made for Bethel Valley. Generally, lists of COCs for other potential future uses (e.g., 
residential use) are similar to those presented in Tables 2.2-2.5. 

Conclusions drawn from Tables 2.2-2.5 are as follows: 

• the most common class of COCs detected in soil was radionuclides (e.g., 137 Cs); 

• the majority of the total risk for an industrial worker (i.e., total ELCR) was due to exposure to ( 
radionuclides; 

• the most common class of COCs detected in sediment was radionuclides (e.g., 137Cs),. but 
semivolatile organic compounds and metals were also important; 

• the majority of the total risk for a recreational user (i.e., total ELCR) was due to exposure to 
radionuclides; 

• not all areas had COCs in sediment; 

• no COCs were identified for surface water; 

• the most conunon class ofCOCs detected in groundwater was radionuclides (e.g., 137Cs) and organic 
compounds (e.g., l,l-DCE and vinyl chloride); and 

• not all areas had COCs in groundwater. 

2.7.1.2 Exposure assessmeut 

As noted above, COCs were selected for each of the use scenarios addressed in the human health risk 
assessment. These scenarios were selected as palt of the exposure assessment contained in the risk assessment. 
This section describes the exposure assessment process and summarizes the results of the exposure assessment 
with specific attention to the exposure routes that were quantitatively evaluated. Generally, exposure 
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Table 2.2. Summary of cacs and exposure point concentrations for soil under future conditions . 

(i.e., industrial use), Bethel Valley, ORNL, Oak Ridge, Tennessee 

Scenario timefl'ame: future 
Medium: soil 
Exposure medium: soil 

Concentration Frequency Exposure % 
Exposure detected of point Total Statistical 

point COC Min Max Units detection cone. risk measure 
Raccoon None - - - - - - -

CreekArea No data 
West Belyllium 0.53 2.60 mg/kg 21121 1.37 <0.01 UCL95(L) 

Bethel Benz( a )anthracene 0.040 0.520 mg/kg 5/8 0.424 <0.01 UCL95(L) 
Valley Benzo(a)pyrene 0.038 0.530 mglkg 4/8 0.370 <0.01 UCL95(N) 

Benzo(b )fluoranthene 0.040 0.700 mg/kg 6/8 0.534 <0.01 UCL95(L) 
Dibenz(a,h)anthracene 0.120 0.240 mg/kg 3/8 0.240 <0.01 MAX(N) 
Ac-228 I 193 pCi/g 10/10 25.5 0.21 UCL95(L) 
Bi-214 0 0.920 pCi/g 9110 0.920 0.01 MAX(N) 
Co-60 0 lJ.8 pCi/g 5/lJ 3.47 0.08 UCL95(N) 
Cs-134 0 0.064 pCi/g 7110 0.064 <0.01 MAX(N) 
Cs-J37 0.044 28,000 pCi/g 19/19 21,000 100.0 UCL95(L) 
Eu-154 0 0.069 pCi/g 2110 0.069 <0.01 MAX(N) 
K-40 6.16 25.6 pCi/g 18/18 18.5 <0.01 UCL95(L) 
Pb-212 I 165 pCi/g 10/10 165 0.02 MAX(L) 
Pb-214 0 1.31 pCi/g 9112 0.981 <0.01 UCL95(L) 
Ra-228 0.41 1.21 pCi/g 6/9 1.01 0.01 UCL95(N) 
TI-208 0.3 54.8 pCi/g 10/10 7.40 0.27 UCL95(L) 

Central Arsenic 0.6 15.1 mg/kg 47174 5.56 0.03 UCL95(L) 
Bethel Beryllium 0.12 2.30 mg/kg 72174 1.02 0.10 UCL95(N) 
Valley Benzo( a )pyrene 0.03 2.40 mg/kg 28173 0.294 0,07 UCL95(L) 

2000 Area Benzo( b )fluoranthene 0.03 2.50 mglkg 37173 0.323 0.03 UCL95(L) 
Ac-228 0.50 2.45 pCi/g 40/40 1.59 0.44 UCL95(N) 
Be-7 3.91 3.91 pCi/g 2/2 3.91 0.06 UCL95(N) 
Bi-212 0.57 2.40 pCi/g 14114 2.01 0.11 UCL95(N) 
Bi-214 0.37 1.40 pCi/g 26126 0.981 0.49 UCL95(L) 
Ce-144 2.09 2.09 pCi/g 212 2.09 0.03 UCL95(N) 
Co-57 0.30 1.99 pCi/g 5/5 1.72 0.03 UCL95(N) 
Co-58 0.25 0.250 pCi/g 111 0.250 0.08 MAX(NT) 
Co-60 0.04 28.9 . pCi/g 49/49 8.23 6.73 UCL95(L) 
Cs-134 0.4 70.9 pCi/g 9/9 70.9 34.55 MAX(L) 
Cs-J37 0.035 22,220 pCi/g 1211127 229 40.00 UCL95(L) 
Eu-152 0.9 34.0 pCi/g 6/6 27.1 9.27 UCL95(N) 
Eu-154 0.8 11.7 pCi/g 8/8 10.5 4.00 UCL95(L) 
K-40 2.55 39.4 pCi/g lJ6/Jl6 16.3 0.01 UCL95(L) 
Pb-212 0.34 1.62 pCi/g 24124 1.10 0.03 UCL95(N) 
Pb-214 0.47 1.69 pCi/g 59/59 1.06 0.06 UCL95(L) 
Pm-147 12 6,650 pCi/g 5/5 4,180 0.04 UCL95(N) 
Ra-226 0.15 1.40 pCi/g 93/Jl6 0.862 0.49 UCL95(L) 
Ra-228 0.24 2.40 pCi/g 93/Jl6 1.15 0.31 UCL95(N) 
Ru-106 1.13 1.13 pCi/g 2/2 1.13 0,07 UCL95(N) 
Th-228 0.24 4.28 pCi/g 106/106 1.35 0.69 UCL95(L) 
TI-208 0.26 2.44 pCi/g 50/50 0.863 1.04 UCL95(L) 
Zr-95 0.230 0.415 pCi/g 3/3 0.415 0.10 UCL95(N) 
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Table 2.2. Summary of COCs and exposure point ~oncentrations for soil under future conditions 
(i.e., industrial use), Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Scenario timeframe: future 
Medium: soil 
Exnosure medium: soil 

Concentration Frequency Exposure % 
Exposure detected of point Total Statistical 

point COC Min Max Units detection cone. risk measure 

Central Arsenic 0.9 13.1 mg/kg 56156 6.84 0.05 UCL95(L) 
Bethel Beryllium 0.095 212 mg/kg 42/56 1,42 0.20 UCL95(L) 
Valley Benzo( a )pyrene 0.04 0.69 mglkg 9/33 0.227 0.07 . UCL95(L) 

3000 North Benzo(b )fluoranthene 0.02 2.20 mglkg 6/32 0.338 0.04 UCL95(L) 
Area Ac-228 0.73 2.93 pCi/g 58/58 1.59 0.60 UCL95(L) 

Am-241 0.1 37.6 pCi/g 14/14 37.6 0.12 MAX(L) 

Bi-212 0.89 6.03 pCi/g 26/26 2.68 0.21 UCL95(L) 

Bi-214 0,41 1.07 pCi/g 15115 0.896 0.63 UCL95(L) 

Co-60 0.1 31.5 pCi/g 15115 14.2 15.75 UCL95(L) 

Cs-137 0 3,030 pCi/g 96/118 8,4 2.00 UCL95(L) 

. Eu-152 1 141 pCi/g 414 141 65.00 MAX(N) 

Eu-154 0.7 12.1 pCi/g 616 10.3 5.50 UCL95(N) 

1-129 18 689 pCi/g 4/4 689 1.20 MAX(N) 

K-40 2.14 26.9 pCi/g 1031103 14.4 1.00 UCL95(N) 

Pb-21 0 1 319 pCi/g 12/12 319 2.50 UCL95(L) 

Pb-212 0.22 6,44 pCi/g 79179 1.43 0.05 UCL95(L) 

Pb,214 0.22 1.60 pCi/g 91191 0.92 0.08 UCL95(N) 

Pu-240 0.005 41.0 pCi/g 8/10 41.0 0.10 MAX(L) 

Ra-226 0.22 1.30 pCi/g 113/113 0.845 0.65 UCL95(N) 

Ra-228 0.24 2.93 pCi/g 1141114 1.32 0.50 UCL95(N) 

Th-228 0.23 5.83 pCi/g 1171118 1.83 1.30 . UCL95(L) 

TI-208 0.25 5,40 pCi/g 85185 1.34 2.20 UCL95(L) 

Central Arsenic 0.6 27.4 mglkg 66/69 8.01 0.02 UCL95(L) 

Bethel Beryllium 0.22 2.50 mglkg 64/69 1.13 0.06 UCL95(N) 

Valley Benz( a )anthracene 0.1 11.0 mglkg 18/55 0.406 0.01 UCL95(L) 

3000 South Benzo( a )pyrene 0.1 12.0 mglkg 17/55 0.409 0.05 UCL95(L) 

Area Benzo(b )fluoranthene 0.1 13.0 mglkg 19/55 0.455 0.02 UCL95(L) 

Ac-228 0.81 9.09 pCi/g 36/36 2.22 0.33 UCL95(L) 

Bi-212 0.9 10.1 pCi/g 13/13 5.58 0.17 UCL95(L) 

Bi-214 0,45 1.24 pCi/g 22/22 0.944 0.26 UCL95(N) 

Co-57 0.11 2.03 pCi/g 2/2 2.03 0.02 MAX(N) 

Co-58 2.19 2.19 pCi/g 2/2 2.19 0.37 UCL95(N) 

Co-60 0.027 75.7 pCi/g 49151 2.72 1.20 UCL95(L) 

Cs-134 3.91 3.91 pCi/g 2/2 3.91 1.10 UCL95(N) 

Cs-137 0.03 12.700 pCi/g 1401151 64.7 6.20 UCL95(L) 

Eu-152 I 274 pCi/g 3/3 274 51.00 MAX(N) 

Eu-154 3 172 pCi/g 717 172 36.00 MAX(L) 

Eu-155 1.36 5.90 pCi/g 515 5.58 0.02 UCL95(N) 

K-40 1.55 37.7 pCi/g 1011101 16.3 0.45 UCL95(L) 

Na-22 0.14 1.68 pCi/g 515 1.22 0.45 UCL95(N) 

Ni-63 92 33,000 pCi/g 10/10 19,300 0.03 UCL95(N) 

Pb-21O 0.92 7.99 pCi/g 515 5.58 0.02 UCL95(N) 

Pb-212 0.22 9.13 pCi/g 55155 1.63 0.02 UCL95(L) 

Pb-214 0.21 1.33 pCi/g 52/52 0.879 0.03 UCL95(N) 

Pu-240 0 206 pCi/g 33149 22.8 0.02 UCL95(N) 

Ra-226 0.09 1.37 pCi/g 1101118 0.834 0.26 UCL95(L) 
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Table 2.2. Summary of COCs and exposure point ~on~entrations for soil under future conditions 
(i.e., industrial use), Betbel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Scenario timeframe: future 
Medium: soil 
Exposure medium: soil 

Concentration Frequency Exposure % 
Exposure detected of point Total Statistical 

point COC Min Max Units detection cone. risk measure 
Central Ra-228 0.20 9.09 pCi/g 113/119 1.52 0.23 UCL95(L) 
Bethel Th-228 0.3 27.1 pCi/g 124/128 2.30 0.65 UCL95(N) 
Valley TI-208 0.31 7.89 pCi/g 55155 1.46 0.97 UCL95(L) 

3000 South U-238 0.3 4,260 pCi/g 111/117 177 0.57 UCL95(N) 
Area Y-91 543 543 pCi/g 2/2 543 0.37 UCL95(N) 

(continued) Zr-95 18.4 18.4 pCi/g 2/2 18.4 2.40 UCL95(N) 
Central Arsenic 1.2 27.0 mglkg 17121 16.1 2.45 UCL95 (L) 
Bethel Benz( a )anthracene 0.07 6.60 mglkg 9115 1.45 1.85 UCL95(L) 
Valley Benzo( a )pyrelle 0.07 8.00 mg/kg 8/15 1.59 9.50 UCL95(L) 

4000 Area Benzo(b )fluorantbene 0.14 9.70 mglkg 7/15 2.07 4.95 UCL95(L) 
Dibenz(a.h)anthracelle 0.16 1.70 mg/kg 4115 0.639 1.85 UCL95(L) 
Ac-228 0.79 0.79 pCi/g 2/2 0.79 6.00 UCL95(N) 
Bi-212 1.35 1.35 pCi/g 2/2 1.35 2.05 UCL95(N) 
Co-60 0.14 1.02 pCi/g 2/2 3.37 22.50 MAX(N) 
Cs-137 0.02 20.6 pCi/g 11121 0.999 4.75 UCL95(L) 
Pb-212 0.12 1.23 pCi/g 14/14 0.783 0.55 UCL95(L) 
Pb-214 0.200 0.930 pCi/g 10/10 0.612 1.00 UCL95(N) 
Ra-228 0.39 1.16 pCi/g 17117 0.9ll 7.00 UCL95(N) 
TI-208 0.23 1.l0 .. pCi/g 10/10 1.01 33.50 UCL95(L) 
U-238 0.3 ll.8 pCi/g 11112 6.80 1.l0 UCL95(L) 

East Bethel None - - - - - - -

Valleyarea Area Risk < I x 10" 
andID < I 

1111S table presents the coes and EPCs for each orthe coes detected in soil (i.e .. the concentration that was used to estimate 
the exposure and risk from each coe in soil), TIle table includes the range of concentrations detected for each COC, as well as the 
frequency of detection (i.e .. the number of times the chemical was detected in samples collected at the site), the EPC, and how the 
EPC was derived (statistical measure). 

The table indicates that the most common class of contaminants detected in soil was radiolluclides (e.g .. 137Cs) and that the 
majority of the total risk for an industrial worker (i.e .. total excess lifetime cancer risk) was due to exposure to radionuclides. 

% Total risk = Excess lifetime cancer risk due to exposure to the single analyte divided by risk from exposure to aU 
contaminants in soil. Note that the sum of all percentages may nof equal 100% due to rouuding error. 

cac = contaminant of con cent 
EPC = exposure point concentration 
ill = hazard index 
Max = Maximum detected concentration 
MAX(L) = EPC is the maximum detected concentration of a log flonna} distribution. 
MAX(N) = EPC is the maximum detected concentration of a nonnal distribution. 
MAX(NT) = EPC is the detected concentration in a single sample. 
Min = Minimum detected concentration 
ORNL ~ Oak Ridge National Laboratory 
UCL95(L) = EPC is the 95% upper confidence level on the mean concentration of a log 110nnal distribution. 
UCL95(N) = EPC is the 95% upper confidence level on the mean concentration of a 110nnal distribution. 
For equations used to derive the UCL95(L) and UCL95(N). see Sect. C.2 (Data Evaluation) of the approved RIfFS for Bethel 

Valley Watershed (DOE 1999a). 
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Table 2.3. Summary of COCs and exposure point concentrations for sediment under future conditions 
(i.e., recreational use), Bethel Valley, ORNL, Oak Ridge, Tennessee 

Scenario timeframe: future 
Medium: sediment 
Exposure m~dium: sediment 

Concentration 
Exposure detected Frequency Exposure COC Statistical 

point COC Min Max Units of detection point conc. type measure 
Raccoon Creek None - - - - - - -

Area NoCOPCs 
West Bethel None - - - - - - -

Valley NoCOPCs 
Central Bethel wCs 1.46 2480 pCi/g 6/6 Various > Various 

Valley 6OCO 0.027 12.6 pCi/g 3/4 Various < Various 
2000 Area "Na 0.814 0.815 pCi/g 2/2 Various < Various 

IS2Eu 2.57 4.81 pCi/g 212 Various < Various 
15.JEu 2.04 2.16 pCi/g 2/2 Various < Variol1S 
Aroclor-1260 0.57 3.9 mgikg 3/5 Various < Various 
Aroclor-1254 0.46 12.0 mgikg 4/5 Various < Various 
Benzo(a)pyre)le 5.0 5.0 mgikg 117 Various < Various 
Hexachlorobenzofuran 0.001 0.001 mgikg 111 Variolls < Various 

Central Bethel None - - - - - - -
Valley 3000 All Point Risks < I x 10" 
North Area and Point IDs < 1 

Central Bethel None - - - - - - -
Valley 3000 All Point Risks < 1 x 10" 
South Area and Point IDs < I 

Central Bethel None - - - - - - -
Valley 4000 All Point Risks < I x 10-

Area 'and Point IDs < I 
East Bethel None - - - - - - -
Valley area NoCOPCs 

TIlls table presents the coes and EPCs for each of the COCs detected in sediment (Le., the concentration that was used to 
estimate the exposure and risk from each cae in sediment). TIle table includes the range of concentrations detected for each cae, as 
well as the frequency of detection (i.e., the number of times the chemical was detected in samples collected at the site). the EPe. and 
how the EPC was derived (statistical measure). 

Most importantly. the table indicates that COCs were not identified for all areas. However. for those areas with COCs, the 
classes of contaminants identified were radionuclides (e.g., 137CS). semivolatile organic compOlUlds (e.g .. Aroctors and polycyclic 
aromatic hydrocarbons). and metals (e.g .. mercl.uy). 

COC = contaminant of cOllcem 
COPC = contaminant of potential COllcem 
COC Type = In the point-by-point assessment, COCs with individual excess lifetime cancer risks greater than (» 1 x 10--1 or 

with hazard quotients greater than 1 were temled "primary COCs." COCs with individual excess lifetime cancer risks less than «) 1 X 

10--1 but greater than 1 x 10-6 or with hazard quotients less than 1 but greater than 0.1 were temled "secondary COCs." Here. ">" is 
used to denote "primary COCs" and "<" is used to denote "secondary COCs." 

EPC = exposure point concentration 
HI = hazard index 
Max = maximum detected concentration 
Min = minimum detected concentration 
ORNL ~ Oak Ridge National Laboratory 
Various = Both the exposure point concentration and the statistical measure varied ,,1th location. For most locations. the 

statistical measure used was the maximum detected concentrations. 
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Table 2.4. Summary of COCs and exposure point concentrations for surface water under future conditions 

(i.e., recreational use), Bethel Valley, ORNL, Oak Ridge, Tellnessee 

Scenario timeframe: future 
Medium: surface water 
Exposure medium: surface water 

Concentration 
Exposure detected Frequency Exposure COC Statistical 

point COC Min Max Units of detection point conc. type measure 
Raccoon NOlie - - - - - - -

Creek Area All Point Risks < 1 x 10" 
and Point IDs < 1 

West Bethel None - - - - - - -
Valley All Point Risks < I x 10" 

and Point IDs < I 
Central Bethel None - - - - - - -

Valley All Point Risks < I x 10" 
2000 Area and Point IDs < I 

Central Bethel None - - - - - - -

Valley 3000 NoCOPCs 
North Area 

Central Bethel None - - - - - - -

Valley 3000 All Point Risks < I x 10" 
South Area and Poillt IDs < 1 

Central Bethel None - - - - - - -

Valley 4000 NoCOPCs 
Area 

East Bethel NOlie - - - - - - -

Valley area NoCOPCs 

This table presents the COCs and EPCs for each of the COCs detected in surface' water (Le .. the concentration that was used to 
estimate the exposure and risk from each cac in surface water). The table includes the range of concentrations (Ietected for each COCo 
as well as the frequency of detection (i.e .. the llumber oftimes the chemical was detected in samples collected at the site). EPC. and how 
the EPe was derived (statistical measure). 

As indicated above. there were no COCs in surface water for the recreational user because risks did not exceed the benchmarks 
used to select COCs. 

cac = contaminant of concern 
cac Type = In the point-by-point assessment. cacs with individual excess lifetime cancer risks greater than (» 1 x 10·-1 or with 

hazard quotients greater than 1 were termed "primary COCs," COCs with individual excess lifetime cancer risks less than «) 
I X 1O·-t but greater than 1 x 10.6 or with hazard quotients less than 1 but greater than 0.1 were temled "secondary cacs." Here. ">" is 
used to denote "primary COCs" and "<" is used to denote "secondaIY cacs." 

cope = contaminant of potential concent 
EPe = exposure point concentration 
HI = hazard index 
Min = minimum detected concentration 
Max = maximum detected concentration 
NA = Value was not available from documentation at the time the table was prepared. 
ORNL ~ Oak Ridge National Laboratory 
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Table 2.5. Summary of COCs and exposure point concentrations for groundwater under future conditions 
(i.e., industrial use), Bethel Valley, ORNL, Oak Ridge, Tennessee ( 

Scenario timeframe: future 
Medium: gronndwater 
Exposllre medium: groundwater 

Concentration % 
Exposure detected Frequency Exposure Total Statistical 

point COC Min Max Units of detection point conc. risk measure 
Raccoon None - - - - - - -

Creek Area No Data 
West Bethel NOlie - - - - - - -

Valley Area Risk < I x 10'" and HI < 1 
Central Arsenic 0.001 0.282 mg/L 221174 0.0177 0.93 UCL95(N) 
Bethel Beryllium 0.0002 0.0310 mglL 551176 0.00416 0.62. UCL95(N) 

ValleY'2000 Chromium 0.002 0.387 mgIL 881176 0.0369 NC UCL95(N) 
Area Fluoride 0.05 5.90 mgIL 971165 0.675 NC UCL95(L) 

Manganes, 0.0005 9.40 mglL 1601176 2.01 NC UCL95(N) 
Am-241 0,02 28.4 pCilL 7114 4.24 0.09 UCL95(L) 
C-14 189 112,000 pCiIL 25/25 112,000 7.20 MAX(L) 
Ca-45 59 45,000 pCiIL 212 45,000 5.70 MAX(N) 
Ce-144 36 36.0 pCiIL III 36.0 0.07 MAX(NT) 
Cm-244 0.6 87.6 pCiIL 113 87.6 1.20 ·MAX(N) 
Cs-137 0 6,400 pCiIL 27/168 115 0.23 UCL95(N) 
H-3 0 360.000 pCiIL 1621188 19,600 0.09 UCL95(N) 
K-40 1.59 1.940 pCiIL 5/16 547 0.43 UCL95(L) 
Pb-21O 443 443 pCiIL 111 443 28.00 MAX(NT) 
Pb-212 2.9 56.8 pCiIL 4/5 54.5 0.06 UCL95(N) ( 
Pm-147 0 47.400 pCiIL 20/35 6,280 0.55 UCL95(N) 
Pu-242 0.59 1.28 pCilL 212 1.28 0.02 MAX(N) 
Ra-226 0 52.0 pCiIL 35155 3.92 0.07 UCL95(N) 
Ra-228 I 1,980 pCiIL 12/31 25.4 0.39 UCL95(L) 
Sr-89 0 6,690 pCilL 214 5,770 3.70 UCL95(N) 
Sr-90 0 312,000 pCilL 97/140 14.100 49.00 UCL95(N) 
Tc-99 0 1.360 pCiIL 16145 135 0.01 UCL95(N) 
Th-228 0 240 pCiIL 52172 11.8 0.17 UCL95(N) 
U-232 16.2 29.3 pCiIL 4/4 29.3 0.15 MAX(N) 
U-234 0.09. 4.560 pC ilL 66/77 178 0.49 UCL95(N) 
U-235 0 43.0 pCi/L 28177 3.53 0.01 UCL95(N) 
U-238 0.07: 324 pCiIL 60/77 10.4 0.04 UCL95(L) 

Central Arsenic 0.0010 0.0241 mglL 12/64 0.00354 0.13 UCL95(L) 
Bethel Beryllium 0.0002 0.0300 mglL 28/64 0.00177 0.18 UCL95(L) 

Valley 3000 Trichloroethene 0.002 0.440 mglL 14/58 0.0410 0.01 UCL95(N) 
North Area Chromium 0.002 0.263 mglL 46164 0.0332 NC UCL95(L) 

Uranium NA 2.20 mglL 3/4 1.85 NC UCL95(N) 
Pyridine 0.0260 0.0260 mglL 111 0.0260 NC MAX(NT) 
Am-24 I 0.02 20.4 pCilL 3/10 1.96 0.D3 UCL95(L) 
Bi-212 366 366 pCilL 111 366 om MAX(NT) 
C-14 50.0 4,660 pCiIL 516 2,910 0.12 UCL95(N) 
Ce-144 41.3 41.3 pCiIL 1/1 41.3 0.05 MAX(NT) 
Cm-244 3 108 pCiIL 213 108 0.93 MAX(N) 
Cs-137 0 2.730 pCilL 12/66 136 0.18 UCL95(N) 
H-3 0 236.000 pCi/L 64178 26,500 0.08 UCL95(N) 
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Table 2.5. Summary of COCs and exposure point cQncentrations for groundwater under future conditions 
(i.e., industrial use), Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Scenario timeframe: future 
Medium: groundwater 
Exposure medium: 2roundwater 

Concentration % 
Exposure detected Frequency Exposure Total Statistical 

point COC Min Max Units of detection point conc. risk measure 
Central K-40 107 254 pCiIL 219 249 0.12 UCL95(L) 
Bethel Ni-63 9 673 pCilL 5/5 514 om UCL95(N) 

Valley 3000 Pb-212 49.1 71.4 pCiIL 3/3 71.4 0.05 UCL95(N) 
North Area Ra-226 0 6.75 pCiIL 12120 2.37 0.Q3 UCL95(N) 
(continued) Ra-228 0.4 938 pCiIL 13/16 157 1.60 UCL95(L) 

Sr-90 0 724,000 pCilL 41/59 41,100 93.33 UCL95(N) 
Tc-99 0 5,020 pCilL 11117 1,170 0.D7 UCL95(N) 
Th-228 0 8.67 pCiIL 16123 2.77 0.Q3 UCL95(N) 
U-232 NA 1,020 pCiIL 212 1,020 3.47 MAX(N) 
U-234 0.215 64,000 pCiIL 26131 48.0 0.09 UCL95(L) 
U-235 0.01 3,080 pCiIL 9/31 273 0.53 UCL95(N) 
U-236 NA 152 pCi/L 3/4 127 0.22 UCL95(N) 
U-238 0.11 7,040 pCilL 21131 13.6 0.04 UCL95(L) 

Central Arsenic 0.0010 0.0110 mglL 16/82 0.00257 2.17 UCL95(L) 
Bethel Beryllium 0.0002 0.030 mglL 12182 0.000619 1.55 UCL95(L) 

Valley 3000 Manganese 0.0029 14.4 mglL 82182 8.94 NC UCL95(L) 
South Area Vinyl chloride 0.0050 0.0280 mgIL 13/79 0.00780 8.67 UCL95(N) 

Am-241 0.50 1.69 pCiIL 113 1.69 0.58 UCL95(N) 
C-14 188 27,800 pCilL 5/5 18,100 20.00 UCL95(N) 
Ca,45 27 1,860 pCilL 212 1,860 3.83 MAX(N) 
Cm-244 34.2 34.2 pCiIL 111 34.2 7.50 MAX(NT) 
H-3 0 897,000 pCilL 100/112 111,000 8.33 UCL95(N) 
K-40 96.0 385 pCilL 114 356 4.67 UCL95(N) 

. Pb-212 29.7 29.7 pCiIL 111 29.7 0.55 MAX(NT) 
Pm-147 0 490 pCiIL 3/9 187 0.28 UCL95(N) 
Ra-226 0.10 8.00 pCilL 10130 1.33 0.42 UCL95(L) 
Ra-228 2 1,870 pCi/L 14124 45.2 11.67 UCL95(L) 
Sr-90 0 10,300 pCiIL 54/76 503 30.00 UCL95(N) 
Th-228 0.03 13.9 pCiIL 16135 1.28 0.30 UCL95(L) 
U-234 0.5 25,0 pCiIL 22135 4.10 0.18 UCL95(L) 
2n-65 53.4 53.4 pCiIL 111 53.4 0.55 MAX(NT) 

Central Beryllium 0.0002 0.030 mglL 13/97 0.00133 10.00 UCL95(N) 
Bethel H-3 0 14,100· pCilL 74/75 3.340 0.75 UCL95(N) 

Valley 4000 Ra-226 0.26 2.00 pC ilL 7113 0.985 0.90 UCL95(L) 
Area Ra-228 1 1.400 pCilL 5/11 48.8 38.00 UCL95(L) 

Sr-90 0 3,900 pCilL . 19159 251 44.00 UCL95(N) 
Th-228 0.09 1.56 pCilL 10113 . 1.27 0.90 UCL95(L) 
Th-232 0 53.0 pCi/L 3/14 10.8 1.10 UCL95(N) 
U-234 I 118 pCiIL 7111 41.9 6.00 UCL95(L) 

East Bethel 1,l-Dichloroethene 0.003 0.026 mg/L 7/57 0.0113 7.06 UCL95(N) 
Valley area 1,2-Dichloroethene 0.001 4.00 mglL 15/57 0.545 NC UCL95(N) 

Benzene 0.0025 0.0210 mglL 8/57 0.0105 0.32 UCL95(N) 
T etrachloroethene 0.0025 0.0320 mglL 7/57 0.0110 0.59 UCL95(N) 
Trichloroethene 0.001 15.0 mglL 20/57 2.22 25.0 UCL95(N) 
Vinyl chloride 0.005 0.160 mglL 7/57 0.0332 64.7 UCL95(N) 
H-3 0 15.100 pCilL 4'6148 6,000 0.79 UCL95(N) 
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Table 2.S. Summary of COCs and exposure point concento'ations for groundwater under future conditions 
(i.e., industrial use), Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

111is table presents the COCs and EPCs for each ofthe COCs detected in surface water (Le., the concentration that was 
used to estimate the exposure and risk from each cae in surface water). TIle table includes the range of concentrations detected 
for each coe, as well as the frequency of detection (Le., the number of times the chemical was detected in samples collected at 
the site), the EPC, and how the EPC was derived, 

Most importaotly, the table indicates that COCs were not identified for all areas. However, for those areas witl, COCs identified, the 
most common classes of contaminants were radionuclides (e.g .• 137CS) and organic compounds (e.g .. 1, I-dichloroethene. vinyl 
chloride). 

% Total risk = Excess lifetime cancer risk due to exposure to the single analyte divided by risk from exposure to all 
contaminants in groundwater. Note that the sum of all percentages may not equal 100% due to rounding error. 

COC ::: contaminant of concern 
EPC = exposure point concentration 
HI ~ hazard iodex 
Max = maximulll detected concentration 
MAX(L) = EPC is the maximUlll detected concentration of a log nonnal distribution. 
MAX(N) = EPC is the maximum detected concentration of a Honnal distribution. 
MAX(NT) = EPC is the detected concentration in a single sample. 
Min = tuinimum detected concentration 
NA = Value was not available from documentation at the time the table was prepared. 
NC = COC is a noncarcinogen and % total risk could not be calculated. 
ORNL ~ Oak Ridge National Laboratory 
UCL95(L) = EPC is the 95% upper confidence level on the mean concentration of a log nonnai distribution. 
UCL95(N) = EPC is the 95% upper confidence level on the mean concentration of a nonnal distribution. 
For equations used to derive the UCL95(L) and UCL95(N), see Sect. C.2 (Data Evaluation) of tile approved RIlFS for 

BeUlel Valle)' Watershed (DOE 1999a). 
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assessment is a procedure whereby significant pathways of human exposure are identified via pathway 
analysis and doses to receptors are quantified in the risk assessment. Throughout the exposure 
assessment the guiding principle is that in order to be quantified, the exposure pathway has to be 
complete either now or in the future. A complete pathway is one that includes a source of contamination 
and mechanism of release, a method of transport or retention, an exposure point, and a route of exposure. 
If any of these parts are absent, then the exposure pathway is deemed incomplete and is not quantified in 
the risk assessment. 

Pathway analysis identified three human health exposure scenarios to be evaluated for the Bethel 
Valley area in the baseline human health risk assessment. These were the unrestricted industrial worker 
exposure scenario, the recreational exposure scenario, and the residential exposure scenario. These scenarios 
are the primary scenarios evaluated at all Oak Ridge sites and reflect the consensus among decision 
makers about what land use scenarios should be evaluated in baseline human health risk assessments for 
the DOE ORR. Although current contaminant concentrations were used for the calculation of risk under 
all scenarios, the scenarios were determined to be applicable to hypothetical future and not current 
conditions only because of the site conh'ols in place within ORNL. Risks to workers and other receptors 
under ClllTent conditions were not estimated and were assumed to be below levels of concem due to these 
site controls. Note that the use of current concentrations for future exposures generally defines the 
maximum exposure to Bethel Valley contaminants under all future land use scenarios because the 
majority of the risk-driving radionuclides will decay over time to lower concentrations. 

A quantitative analysis of risk is presented in the baseline risk assessment for exposure to environmental 
media (i.e., soil, sediment, surface water, and groundwater) within each area, and a qualitative analysis of 
risk is presented for exposure to residual radioactive contamination in buildings. Because risks and 
hazards from exposures to primary waste units (e.g., waste disposal areas, tanks, and pipelines) were 
assumed to be velY high and to exceed the risk range, quantitative analyses of these risks were not 
perfomled. However, remedies for contamination within primary waste areas are considered later in the FS. 

The conceptual model for the exposure assessment is depicted in Fig. 2.8. As shown in this figure, 
routes evaluated for the future unrestricted industrial exposure scenario for surface soil and sediment 
were incidental ingestion (i.e., ingestion of soil through inhalation and subsequent ingestion of large 
particulates and through hand-to-mouth actions), inhalation of dust/particulates, dermal contact, and 
external exposure to ionizing radiation. For surface water and groundwater, the route evaluated for the 
industrial scenario was ingestion of water. In addition, the industrial exposure scenario was used to 
qualitatively evaluate external exposure to contaminants in some buildings. 

The recreational scenario assumes the area is developed as a recreational area (e.g., park, hunting 
area) and receptors are incidentally exposed to contaminants in soil, surface water, and sediment. Routes 
evaluated for the future recreational exposure scenario for surface soil and sediment were also incidental 
ingestion, inhalation of dust/particulates, dermal contact, and external exposure to ionizing radiation. For 
surface water and groundwater, the route evaluated was ingestion of water. Consumption of biota (i.e., fish) 
was not considered in the Bethel Valley baseline human health risk assessment because streams in Bethel 
Valley were deemed incapable of supporting subsistence fishing (i.e., fishing that provides a catch that is 
large enough to become a substantial portion of an individual's diet) due to a limited game fish population. 

The residential scenario assumes the area is developed for housing and residents are exposed 
through drinking the groundwater and coming in contact with other contaminated media over a lifetime. 
This scenario evaluates risk associated with the site in the absence of any controls. Routes evaluated for 
the future residential exposure scenario were quite extensive and included several direct contact and 
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( . indirect exposure routes. Direct contact exposure routes included incidental ingestion of soil and 
sediment, inhalation of dust/particulates emitted by soil and sediment, dermal contact with soil and 
sediment, external exposure to ionizing radiation emitted by soil and sediment, ingestion of snrface water 
and groundwater as a drinking water source, delmal contact with surface water and groundwater during 
household use, and inhalation of VOCs and radionuclides emitted by surface water and groundwater 
during household use. Indirect exposure routes included consumption of homegrown produce and inhalation 
of particulates emitted by soil contaminated through irrigation with contaminated surface water. 

Exposure parameters used in all exposure equations were those used to derive chronic dose 
estimates (i.e., chronic daily intakes and chronic absorbed dose). The value of each of these parameters 
was approved by stakeholders. Additionally, use of these parameters yielded dose estimates that allowed 
for the estimation of dose over a lifetime of exposure (i.e., 25 years for the industrial worker and 30 years 
for the resident and recreational user) under frequent use (i.e., 250 days per year for the industrial worker, 
350 days/year for the resident, and 75 days/year for the recreational user.) Finally, in keeping with current 
guidance, doses used to calculate residential and recreational cancer risk estimates included exposure 
durations as both a child (6 years) and an adult (24 years), and doses used to calculate residential and 
recreational systemic toxicity hazard estimates were calculated separately for a child and an adult. 

2.7.1.3 Toxicity assessment 

As noted above, the toxicity of the COCs was used along with the dose calculations to quantifY the 
ELCRs and systemic toxicity to potential receptors. This section describes the toxicity assessment 
process and sunnnarizes the results of the toxicity assessment. As with the earlier discussion of COCs, 
most information is contained in the tables presented in .this section. 

In order to characterize risk using the dose estimates calculated as part of the exposure assessment, 
toxicity values for cancer effects and noncancer (i.e., systemic toxicity) effects were gathered from 
approved sources. Primaty among these sources were EPA's Integrated Risk Information System and 
Health Effects Assessment Summaty Tables. Additional toxicity values were from communications with 
the Superfund Technical Support Center in Cincinnati, Ohio. Toxicity values from all of these sources 
are in Tables 2.6 and 2.7. Table 2.6 presents toxicity values used to estimate cancer risks, and Table 2.7 
presents toxicity values used to estimate the potential for systemic toxicity. 

The toxicity values used in the risk assessment were slope factors. fo!' cancel' risks, and reference 
doses (RIDs) and reference concentrations, for systemic toxicity. Slope factors were nsed to quantitatively 
define the relationship between daily intake of a chemical and ELCR, and RIDs and concentrations were 
used to quantitatively defme the relationship between daily intake of a chemical and systemic t<,>xicity. 
Specifically, the slope factors used in the assessment are upper-bound estimates of the probability of a 
response per unit intake of a carcinogen over a lifetime, and the RIDs and concentrations used in the 
assessment are estimates of a daily exposure level for the human population that is likely to be without an 
appreciable risk of deleterious effects during a lifetime. Section 2.7.1.4 provides the mathematical 
expressions used to combine the chemical intakes with the toxicity values to derive estimates of ELCR 
and systemic toxicity. 

As shown in Tables 2.6 and 2.7, toxicity values were lacking for some chemical/endpoint 
combinations. However, these tables also show that cancel' toxicity values were available for each of the 
radionuclides. (The systemic toxicity endpoint does not apply to radionuclides.) 
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Table 2.6. Cancel' toxicity data summary for the baseline human health risk assessment 
for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Route: ingestion and dermal contact 
Oral Dermal 

slope factor slope factor Weight of evidence! 
Contaminant of concern (me:!kJ!-d) (me:!kJ!-d) types of cancer Source 

Ac-228 1.62E-12 NA A, various HEAST 
Am-241 3.28E-1O NA A, variolls HEAST 
Aroclor-1260 2.00E+OO 2.22E+OO B2 IRIS 
Aroclor-1254 2.00E+OO 2.22E+OO B2 IRIS 
Arsenic l.50E+OO 3.66E+OO A, respiratory system tumors IRIS 
Be-7 8.64E-14 NA A, various HEAST 
Benz( a )anthracene 7.30E-OI 2.35E+OO B2, stomach IRIS 
Benzene 2.90E-02 2.99E-02 A, pulmonary tissue, leukemia IRIS 
Benzo(a)pyrene - 7.30E+OO 2.35E+OI B2, stomach, nasal cavity, larynx, IRIS 

trachea, and phal)'llJ<, 
Benzo(b )fluoranthene 7.30E-Ol 2.35E+OO B2 IRIS 
Beryllium" 4.30E+OO 4.30E+02 Bl, breast, uterus, lung, bone tumors IRIS 
Bi-212 6.20E-13 NA A, various HEAST 
Bi-214 i.95E-13 NA A, various HEAST 
C-14 1.03E-12 NA A, various HEAST. 
Ca-45 2.02E-12 NA A, various HEAST 
Ce-144 2.96E-ll NA A, various HEAST 
Chromium (Ill) (Salts) NA NA D IRIS 
Chromium (VI) NA NA A, lung tumors IRIS 
Cm-244 2 . .11E-1O NA A, various HEAST 
Co-57 9.71E-13 NA A, various HEAST 
Co-58 2.82E-12 NA A, various HEAST 
Co-60 1.89E-ll NA A, various HEAST 
Cs-134 4.73E-ll NA A, various HEAST 
Cs-137 3.16E-ll NA A. various HEAST 
Dibenz( a,h )anthracene 7.30E+OO 2.35E+OI B2, illUllunodepressive effects IRIS 
Eu-152 5.73E-12 NA A, various HEAST 
Eu-154 9.37E-12 NA A, various HEAST 
ElI-155 1.65E-12 NA A, various HEAST 
H-3 7.15E-14 NA A, various HEAST 
Hexaclllorodibenzofuran 1.50E+04 3.00E+04 B2, liver IRIS 
1-129 l.84E-lO NA A. various HEAST 
K-40 1.25E-ll NA A. various HEAST 
Na-22 8.02E-12 NA A. various HEAST 
Ni-63 5.50E-13 NA A. variolls HEAST 
Pb-210 6.75E-I0 NA A, various HEAST 
Pb-212 1.80E-11 NA A. various HEAST 
Pb-214 2.94E-13 NA A. various HEAST 
Pm-147 1.41E-12 NA A. various HEAST 
Pu-240 3.15E-10 NA A. various HEAST 
Pu-242 3.00E-1O NA A. various HEAST 
Ra-226 2.95E-I0 NA A, variolls HEAST 

Ra-228 2.46E-10 NA A. various HEAST 

Ru-l06 3.45E-ll NA A. various HEAST 

Sr-89 I.03E-ll NA A. various HEAST 

Date 
accessed 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
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Table 2.6. Cancer toxicity data summary fol' the baseline human health risk assessment 

fol' Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Route: ingestion and dermal contact (continued) 
Oral Dermal 

slope factor slope factol' Weight of evidence I 
Contaminant of concern (mg/kl1,-d) (mg/kl1,-d) types of cancer Source 

Sr-90 4.09E-11 NA A, various HEAST 
Tc-99 1.40E-12 NA A; various HEAST 
Tetrachloroethene 5.20E-02 5.20E-02 PROY, leukemia. liver cancer OTHER 
Th-228 6.29E-11 NA A, various HEAST 
Th-232 3.28E-11 NA A, various HEAST 
TI-208 1.75E-14 NA A, various HEAST 
Trichloroethene l.lOE-02 7.33E-02 PROY, liver, lung cancer OTHER 
U-232 8.12E-11 NA A various HEAST 
U-234 4.44E-11 NA A, various HEAST 
U-235 4.52E-II NA A, various HEAST 
U-236 4.21E-ll NA A, various HEAST 
U-238 4.27E-II NA A, various HEAST 
Vinyl chloride 1.90E+00 1.·90E+00 A, liver, lung, digestive track, brain HEAST 

tumors 
Y-91 1.35E-11 NA A, various HEAST 
Zn-65 9.93E-12 NA A, various HEAST 
Zr-95 3.92E-12 NA A, various HEAST 

Route: inhalation 
Inhalation slope factol' Weight of evidencel 

Contaminant of concern (mg/kl1,-d) types of cancel' Source 
Ac-228 3.27E-11 A. various HEAST 
Am-241 3.85E-08 A, various HEAST 
Aroclor-1260 2.00E+00 B2 IRIS 
Aroclor-1254 2.00E+00 B2 IRIS 
Arsenic 5.00E+OI A. respiratory system hmlOrs IRIS 
Be-7 1.78E-13 A, various HEAST 
Benz( a )anthracene 3.10E-OI B2. stomach tumors IRIS 
Benzene 2.90E-02 A. pulmonary tissue. leukemia HEAST 
Benzo( a )pyrene 3.IOE+00 B2. stomach. nasal cavity, larynx. IRIS 

trachea. and pharynx 
Benz(b )fluoranthene 3.IOE-OI B2 IRIS 
Beryllium 8.40E+00 BI, breast, utems.lung. bone tumors HEAST 
Bi-212 3.65E-II A. various HEAST 
Bi-214 1.46E-11 A, various HEAST 
C-14 6.99E-15 A. various HEAST 
Ca-45 2.51E-12 A, various HEAST 
Ce-144 1.08E-IO A. various HEAST 
Chromium (III) (salts) NA D IRIS 
Chromium (YI) 4.10E+OI A. lung hllUOI's IRIS 
Cm-244 2.43E-08 A. various I-IEAST 
Co-57 2.88E-12 A, various HEAST 
Co-58 5.17E-12 A, various HEAST 
Co-60 6.88E-II A. various HEAST 
Cs-134 2.89E-II A. various HEAST 
Cs-137 1.9IE-II A. various HEAST 
Dibenz( a.h )an thra cen e 3.10E+00 B2, immunodepressive effects IRIS 

Date 
accessed 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 . 
1999 
1999 

1999 
1999 
1999 

Date 
accessed 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
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Table 2.6. Cancer toxicity data summary for the baseline human health risk assessment 
for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Route: inhalation (continued) 
Inhalation slope factor Weight of evidence! 

Contaminant of concern (m!!!kl!~d) tv~es of cancer Source 
Eu-152 7.9lE-ll A, various HEAST 
Eu-154 9.15E-ll A. various HEAST 
Eu-155 9.60E-12 A, v~rious HEAST 
H-3 9.59E-14 A, various HEAST 
Hexachlorodibenzof'uran 1.50E+04 B2,liver IRIS 
1-129 1.22E-1O A, various HEAST 
K-40 7.46E-12 A. various HEAST 
Na-22 4.88E-12 A, various HEAST 
Ni-63 l.OlE-12 A, various HEAST 
Pb-210 1.67E-09 A, various HEAST 
Pb-212 3.85E-ll A, various HEAST 
Pb-214 6.23E-12 A. various HEAST 
Pm-147 7.49E-12 A, various HEAST 
Pu-240 2.78E-08 A, various HEAST 
Pu-242 2.64E-08 A, various HEAST 
Ra-226 2.72E-09 A, various HEAST 
Ra-228 9.6lE-1O A, various HEAST 
Ru-106 1.15E-1O A, various HEAST 
SI'-89 3.68E-12 A, various HEAST 
Sr-90 5.94E-ll A~ various HEAST 
Tc-99 2.89E-12 A. various HEAST 
Tetrachloroethene 2.00E-03 PROV, leukemia, liver cancer OTHER 
Th-228 9.45E-08 A, various HEAST 
Th-232 1.93E-08 A. various HEAST 
TI-208 1.36E-14 A. various HEAST 
Trichloroethene 6.00E-03 PROV, liver, lung cancer OTHER 
U-232 5.29E-08 A, various HEAST 
U-234 1.40E-08 A. various HEAST 
U-235 1.30E-08 A, various HEAST 
U-236 1.32E-08 A, various HEAST 
U-238 1.24E-08 A, various HEAST 
Vinyl chloride 3.00E-Ol A, liver, lung, digestive track, brain HEAST 

tumors 
Y-91 1.85E-ll A, various HEAST 
Zn-65 9.98E-12 A. various HEAST 
Zr-95 6.48E-12 A. various HEAST 

Route: external exposure 
Exte;'nal slope factor Weight of evidence! 

Contaminant of concern im!!/k,,-d) . tv~es of cancer Source 
Ac-228 3.28E-06 A, various BEAST 
Am-24 1 4.59E-09 A. various HEAST 
Be-7 1.73E-07 A. various HEAST 
Bi-212 6.67E-07 A. various HEAST 
Bi-214 6.02E-06 A. various HEAST 
C-14 O.OOE+OO A. various HEAST 
Ca-45 3.88E-18 A. various HEAST 
Ce-144 2.58E-08 A. various HEAST 

Date 
accessed 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

1999 
1999 
1999 

Date 
accessed 

1999 
1999 
1999 
1999 
·1999 
1999 
1999 
1999 
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Table 2.6. Cancer toxicity data summary for the haseline human health risk assessment 

for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Ronte: external exposure (continued) 
External slope factor Weight of evidence! 

Contaminant of concern (mg!ki-d) types of cancer Source 
Cm-244 2.07E-1l A, various HEAST 
Co-57 2.07E-07 A. various HEAST 
Co-58 3.73E-06 A. various HEAST 
Co·60 9.76E-06 A, various HEAST 
Cs-134 5.88E-06 A, various HEAST 
Cs-137 O.OOE+OO A, various HEAST 
Eu-152 4.08E-06 A, various HEAST 
Eu-154 4.65E-06 A, various HEAST 
Ell-155, 6,08E-08 A, various HEAST 
H-3 O,OOE+OO A, various HEAST 
1-129 2,69E-09 A. various HEAST 
K-40 6,llE-07 A. various HEAST 
Na-22 8,18E-06 A, various HEAST 
Ni-63 O.OOE+OO A. various HEAST 
Pb-210 1.12E-I0 A. various HEAST 
Pb-212 3.00E-07 A, various HEAST 
Pb-214 7,09E-07 A. various HEAST 
Pm-147 6.35E-12 A. various HEAST 
PlI-240 1.87E-1I A, various HEAST 
PlI-242 l.55E-1I A. various HEAST 
Ra-226 l.31E-08 A, various HEAST 
Ra-228 O,OOE+OO A. various HEAST 
RlI-I06 O,OOE+OO A. various HEAST 
Sr-89 5.38E-1O A. various BEAST 
Sr-90 O,OOE+OO A, various HEAST 
Tc-99 6,19E-13 A. various HEAST 
Th-228 5,28E-I0 A. various HEAST 
Th-232 1.97E-ll A. various HEAST 
TI-208 1.45E-05 A, various BEAST 
U-232 3,42E-1l A, various BEAST 
U-234 2,14E-ll A. various BEAST 
U-235 2,63E-07 A. various HEAST 
U-236 l.72E-ll A. vat:ious HEAST 
U-238 l.50E-11 A. various HEAST 
Y-91 lAIE-08 A. various HEAST 
Zn·65 2,27E-06 A. various HEAST 
Zr-95 2,81E-06 A. various HEAST 

Date 
accessed 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
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Table 2.6. Cancer toxicity data summary fol' the baseline human health risk assessment. 
for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

TIlls table provides carcinogenic risk information that is relevant to the COCs in soil, sediment, water, and biota for all routes 
of exposure over all COCs identified in Bethel Valley. In this table. the slope factors for dennal contact were extrapolated from oral 
values using adjustment factors based upon the absorption that occurs in the gut. 

~PA no longer classifies the chemical beryllium as a carcinogen via ingestion. The oral slope factor reported here was 
withdrawn ill April 1998. 

A = human carcinogen 
B 1 = probable human carcinogen-limited human infonnation available 
B2 = probable human carcinogen-sufficient evidence for animals but inadequate or no evidence from humans 
C = possible human carcinogen 
coe = contaminant of concern 
D = not classifiable as a human carcinogen 
E :=: evidence of noncarcinogenicity 
HEAST ~ Health Effect Assessment Summary Tables, EPA 
IRIS ~ Integrated Risk Information System. EPA 
NA :=: no infonnation available 
ORNL ~ Oak Ridge National Laboratory 
OTHER:=: Value is withdrawn or was obtained from the EPA Superfund HealtliRisk Support Center 
PROV "'" TIle toxicity value is a provisional value 
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( Table 2.7. Noneaneer toxicity data summary for the baseline human health risk assessment 
for Bethel VaUey, ORNL, Oak Ridge, Tennessee 

Route: ingestion, dermal 

Combined 
Dermal uncertainty/ 

Oral RID RID Pl'imary target modifying 
Contaminant of concern I (mg/k/!;-d) (mg/k/!;-d) organ factors Source 

1.1-Dichloroethene 0.009 0.009 Kidney, liver 1000 IRIS 
1.2-Diehloroethene (mixed) 0.009 0.0072 liver 1000 HEAST 
1,2-Dichloroethene (Cis) 0.01 om Hematocrit. liver 300 HEAST 
1,2-Dichloroethene (Trans) 0.02 0.02 Increased serum alkaline 1000 IRIS 

phosphatase 
Aroclor-1254 0.00002 0.000018 Inmmne system 300 IRIS 
Arsenic 0.0003 0.000123 Skin 3 IRIS 
Barium 0.07 0.0049 Increased blood~ressure 3 IRIS 
Beryllium 0.002 0.00002 Weight loss 100 IRIS 
Chromium (Ill) (salts) 1.0 0.005 GI 1000 IRIS 
Chromium (VI) 0.005 0.0001 GI, lungs 500 IRIS 
Fluoride 0.06 0.0582 Dental fluorosis I IRIS 
Manganese (diet) 0.140 0.0056 Central nervous system. lungs 1 IRIS 
Manganese (water) 0.046 0.00184 Central nervous system. lungs 3 IRIS 
Pyridine 0.001 0.0005 Liver 1000 IRIS 
Tetrachloroethene om 0.01 Hepatotoxicity, weight gain 1000 IRIS 
Trichloroethene 0.006 0.0009 Liver NA OTHER 

Route: inhalation 

Combined 
uncertainty/ 

Inhalation RfC Primary target modiJ:ying 
Contaminant of concern (mg/Im-d) organ factors Source 

1,1-Dichlol'oethene NA NA NA NA 
1,2-Dichlol'Oethene (mixed) NA NA NA NA 
1,2-Dichloroethene (Cis) NA NA NA NA 
1.2-Dichloroethene (Trans) NA NA NA NA 
Aroclor-1254 NA NA NA NA 
Arsenic NA NA NA NA 
Barium 0.0005 Baritosis 1000 HEAST 
Benzene NA NA NA NA 
Beryllium 0.02 Beryllium sensitization 10 IRIS 
Chromium (Ill) (salts) NA NA NA NA 
Chromium (VI) NA NA NA NA 
Fluoride NA NA NA NA 
Manganese (diet) 0.00005 Central nervous system. lungs 1000 IRIS 
Manganese (water) 0.00005 Centmlnervous system. lungs 1000 IRIS 
Pyridine NA NA NA NA 
Tetrachloroethene NA NA NA NA 
TIichloroethene 0.021 Liver NA OTHER 

Date 
accessed 

1999 
1999 
1999 
1999 

1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 
1999 

Date 
accessed 

NA 
NA 
NA 
NA 
NA 
NA 
1999 
NA 
1999 
NA 
NA 
NA 
1999 
1999 
NA 
NA 
1999 

This table provides noncarcinogenic risk infonnation that is relevant to the contaminants of concern in soil. sediment. water, and biota 
over all areas assessed in Bethel Valley. As with carcinogenic data. dcnnal RIDs were extrapolated from oral RIDs applying an adjustment factor 
based upon absorption from the gut. 

GI = gastrointestinal ORNL = Oak Ridge National Laboratory 
HEAST = Health EfIect Assessment Summary Tables. EPA OTHER = Value is v.ithdra\\11 fromlRlS or HEAST 
IRIS = Integrated Risk lnfonnation System. EPA RID = reference dose 
NA = no infonnation available 
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2.7.1.4 Risk characterization 

This section describes how the outputs from the exposure assessment (i.e., doses) and toxicity 
assessment (toxicity values) are combined to characterize the baseline risks. As with the earlier sections, 
most infonnation is presented in tables. This section concludes with a short discussion of the uncertainties 
affecting the results ofthe baseline human health risk assessment. 

For carcinogens, risks are generally expressed as the incremental probability of an individual's 
developing cancer over a lifetime because of exposure to the carcinogen. ELCR is calculated fi'om the 
following equation: 

Risk = CD] x SF, 

where 
Risk = the increased probability of an individual's developing cancer over a lifetime, 
cm = chronic daily intake averaged over a 70-year lifetime (mg/kg-day), 
SF = slope factor, a measure of carcinogenicity (see Sect. 2.7.1.3), ([mglkg-dayr'). 

These risks are probabilities that usually are expressed in scientific notation (e.g., I x 10.6). An 
ELCR of I x 10.6 indicates that an individual experiencing the reasonable maximum exposure (RME) 
estimate has a I in 1 million chance of developing cancer as a result of site-related exposure. This is 
referred to as an "excess lifetime cancer risk" because it would be in addition to the risks of cancer 
individuals face from other causes such as smoking or exposure to too much sun. The chance of an 
individual's developing cancer fi'om all other causes has been estimated to be as high as one in three. 
EPA's target risk range for site-related exposures is 1 x 10.4 to I X 10.6• 

The potential for noncarcinogenic effects is evaluated by comparing an exposure level over a 
specific time period ( e.g., lifetime) with an RID derived for a similar exposure period. An RID represents 
a level that im individual may be exposed to that is not expected to cause any deleterious effect. The ratio 
of exposure to toxicity is called an HQ. An HQ < 1 indicates that a receptor's dose of a single 
contaminant is less than the RID and that toxic noncarcinogenic effects from the chemical are unlikely. 
The HI is generated by adding the HQs for all contaminants of concern that affect the same target organ 
(e.g., liver) or that act through the same mechanism of action within a medium or across all media to 
which a given individual may be reasonably exposed. An HI<I indicates that, based on the sum of all 
HQs from different contaminants and exposure routes, toxic noncarcinogenic effects fi'om all cont31ninants 
are unlikely. An HI> I indicates that site-related exposures may present a risk to human health. 

The HQ is calculated as follows: 

where 
cm = chronic daily intake, and 
RID = reference dose. 

Nonconcer HQ = CD! 7 RjD , 

cm and RID are expressed in the same units and represent the same exposure period (i.e., chronic, 
subchronic, or shOlt-tenn). 

Figures 2.9-2.14 depict the industrial use cancer risk results for indiv'idual soil sampling locations used 
in the Bethel Valley RIfFS repOlt (DOE 1999a). These figures show that the risks associated with many of 
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( the soil sampling points exceed the EPA thr~shold of I x 10". Additionally, these figures show that the 
soils presenting potential risks greater than the EPA tlu-eshold are found throughout the Central Bethel 
Valley areas. 

Tables 2.8 and 2.9 present the results of risk characterization for cancer and systemic toxicity, 
respectively. In each of these tables, risks are shown by media within area for the future unrestricted 
industrial worker, future recreational user, and future resident scenarios. 

In the qualitative assessment of external exposure to ionizing radiation inside buildings assigned to 
the D&D program, the EPA benchmark of IS nu-emlyear effective dose equivalent (EDE) was used to 
determine if unacceptable risk to workers may be present in the absence of site controls. The results of 
the qualitative evaluation are as follows: 

• Raccoon Creek, West Bethel Valley, and Central Bethel Valley 2000: No buildings to assess. 

• Central Bethel Valley 3000 North (42 inactive buildings), Central Bethel Valley 3000 South 
(4 inactive buildings), Central Bethel Valley 4000 (2 inactive buildings), and East Bethel Valley 
(I inactive building): All buildings were deternlined to contain areas in which exposure to ionizing 
radiation could exceed IS uu'emlyeal' and, therefore, pose a potential unacceptable risk to industrial 
workers in the absence of site controls. 

Although the baseline human health risk assessment was completed using the best site information 
available and following regulatory agency-approved metllOds, there are several unceltainties that should 
be considered when using the risk assessment results in decision making. These unceltainties are listed in 
Table 2.10 along with their estimated effect range (i.e., low, moderate, or high) and the direction each is 
expected to change the magnitude of the risk estimate (i.e., make larger or smaller). 

Of the uncertainties listed in Table 2.10, the following four are given a high estimated effect range: 

• the use of historical data in the selection of chemicals that may pose unacceptable risk, 

• the probability that the land use considered in the risk assessment will actually occur at some time in 
the future, 

• the assumption of equilibrium conditions for exposure point concentrations, and 

• the statistical variability in the toxicity values. 

Each of these unceltainties should be especially considered when making remedial decisions for the 
Bethel Valley area. 

2.7.2 Summary of Baseline Ecological Risk Assessment 

This section summarizes the various steps of the baseline ecological risk assessment and presents 
significant results used in making decisions for Bethel Valley. Similar to the human health risk 
assessment, the ecological risk assessment is based on a set of COCs that are present at the site. Pathways 
of exposure to a potential ecological receptor are identified, and an assessment is done to evaluate the 
ecological effects of exposure and the risk the contaminants pose to the potential receptor. 
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Table 2.S. Risk characterization summary for carcinogens for the baseline human health risk assessment for 
Bethel Valley, ORNL, Oak Ridge, Tennessee ( 

Exposure to Exposure to Exposure to Exposure to 
Area soHII sedilllentb surface waterb groundwater' 

Scenario: jlltl/re Indl/strial worker 
Raccoon Creek No Data NoCOPCs 3 x 10'6 to 6 x 10" Novaille 
West Bethel Valley 2x 10" 3 X 10" to 3 X 10" 4 X 10" to 7 X 10" 7 x 10-' 
Central Bethel Valley 2000 6 x 10'3 2 x 10" to 2 X 10'2 4x IO"t04x 10" 1 x 10-2 

Central Bethel Valley 3000 North 4 x 10'3 2 X 10,6 to 2 X 10,6 NoCOPCs 2 X 10" 
Central Bethel VaUey 3000 South 1 x 10'2 3 X 10,6 to 3 x 10" 5 X 10" to 5 X 10" 6 x 10" 
Central Bethel Valley 4000 2 x 10" 2 X 10,6 to 4 X 10,6 NoCOPCs 2x 10'" 
East Bethel Valley 4 x 10" NoCOPCs NoCOPCs 3 x 10" 

Scenario: future recreationaillser 
Raccoon Creek No Data NoCOPCs 4xlO,8 t0 6xlO" No value 
West Bethel VaUey 9 x 10'3 1 X 10,8 to 1 X 10'8 2 X 10,6 to 7 X 10,6 8 X 10" 
Central Bethel VaUey 2000 3 x 10" 4 x 10,6 to 1 x 10,3 8 X 10,9 to 8 X 10'6 I x 10" 
Central Bethel VaUey 3000 North 3 x 10" 1 X 10,6 to 1 X 10,6 NoCOPCs 2 x 10" 
Central Bethel Valley 3000 South 5 x 10" 1 X 10'6 to 2 X 10" 4x1O"t06xlO" 1 x 10" 
Central Bethel VaUey 4000 3 x 10'5 9x IO"t02x 10,6 NoCOPCs 1 x 10" 
East Bethel Valley 2 x 10'6 NoCOPCs NoCOPCs 5 X 10" 

Scenario: (IItllre resident 
Raccoon Creek No Data NoCOPCs 2 x 10" to 3 x 10" No value 
West Bethel VaUey 6x 10" 1 X 10" to 1 X 10" 2 x 10" to 3 x 10" 2 x 10" 
Central Bethel VaUey 2000 3 x 10'2 7 x 10" to 1 X 10" 1 X 10" to 2 X 10'3 3 X 10'2 

Central Bethel VaUey 3000 North 2 x 10'2 3 x 10" to 3 x 10" NoCOPCs 5 X 10'2 

Central Bethel VaUey 3000 South 5 x 10'2 5x 10-'t07xlO,3 6 x 10,6 to 2 x 10" 2 X 10'3 

Central Bethel VaUey 4000 9 x 10" 1 x 10-' to 9 x 10" NoCOPCs 7 x 10" 
East Bethel VaUey 2 x 10" NoCOPCs NoCOPCs 3 X 10,3 

This table provides total excess lifetime cancer risk estimates for the routes of exposure quantified for the future industrial 
worker. recreational user, and resident. These total risk estimates were based upon reasonable maximum exposure for each 
receptor and were developed taking into aCCOlmt various conservative assumptions about the frequency and duration of the 
receptors' exposure to soil. sediment, groundwater. and surface water. 

The COCs associated with these values are presented Tables 2.2 through 2.5. 

a Risk estimates for soil and grOlUldwater are area estimates. 
b Risk estimates for sediment and surface water are the minimulll and maxinnun values from the assessment of individual 

locations. 

COC = contaminant of concem 
COPC = contaminant of potential concern 
ORNL ~ Oak Ridge National Laboratory 
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Table 2.9. Risk characterization summary for systemic toxicity for the baseline human health risk assessment· 

for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Exposure to Exposure to Exposure to Exposure to 
Area soilQ sedimentb surface waterb groundwater' 

Scellario: filture illdustrial worker 
Raccoon Creek No data NoCOPCs 0.2 to 0.2 No data 
West Bethel Valley 0.08 NoCOPCs 0.2 to 0.4 0.2 
Central Bethel Valley 2000 0.1 .02 to 2 0.002 to I 2 
Central Bethel Valley 3000 North 0.06 0.09 to 0.09 0.06 to 0.06 7 
Central Bethel Valley 3000 South 0.1 0.07 to 20 0.002 to 0.2 2 
Central Bethel Valley 4000 0.2 0.2 to 0.2 NoCOPCs 0.4 
East Bethel Valley NoCOPCs NoCOPCs NoCOPCs 4 

Scenario: jillure recreatiollaluser 
Raccoon Creek No data NoCOPCs 0.02 to 0.02 No data 
West Bethel Valley 0.Q2 NoCOPCs 0.03 to 0.06 0.02 
Central Bethel Valley 2000 0.02 0.004 to 0.6 0.0003 to 0.06 0.1 
Central Bethel Vall~y3000 North om 0.04 to 0.04 0.004 to 0.004 0.2 
Central Bethel Valley 3000 South 0.03 0.02 to 6 0.0006 to 0.02 0.2 
Central Bethel Valley 4000 0.04 0.004 to 0.004 NoCOPCs 0.05 
East Bethel Valley NoCOPCs NoCOPCs NoCOPCs 1 

Scenario: future resiliellt 
Raccoon Creek No Data NoCOPCs Ito 1 No data 
West Bethel Valley 0.3 NoCOPCs 0.6 to 2 0.7 
Central Bethel Valley 2000 0.4 10 to 200 om to 8 5 
Central Bethel Valley 3000 North 0.2 10 to 10 0.3 to 0.3 20 
Central Bethel Valley 3000 South 0.5 20 to 15,000 0.02 to 0.7 7 
Central Bethel Valley 4000 0.6 10 to 10 NoCOPCs 100 
East Bethel Valley NoCOPCs NoCOPCs NoCOPCs 10 

TIus table provides total hazard indices for the routes of exposure quantified for the future industrial worker. recreational 
user, and resident. These total hazard indices were based upon reasonable maximum exposure for each receptor and were 
developed taking into account various conservative assumptions about the frequency and duration oftile receptors' 
exposure to soil, sediment. groundwater. and surface water. 

The coes associated with these values are presented Tables 2.2 through 2.5. 

a Hazard indices for soil and groundwater are area estimates. 
b Hazard indices for sedihwnt and surface water are the minimum and maximum values from the assessment of 

individual locations . 

. coe = contaminant of con cent 
cope = contaminant of potential concem 
ORNL ~ Oak Ridge National Laboratory 
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Table 2.10. Sources of uncertainty in the Bethel Valley human health riskassessment, 
Bethel Valley, ORNL, Oak Ridge, Tennessee 

Estimated effect 
Step Uncertainty range 

COPC selection Assumption of most toxic chemical fonn Moderate 

Retention of infrequently detected contaminants Low to moderate 

Retention of infrequently analyzed contaminants Low to moderate 

Inclusion of cOimnonlaboratory contaminants Low 

Use of historical data (Data are limited for some area- Lowto high , 
enviromnental medium combinations.) 

Use of filtered background groundwater data Moderate 

Removal of contaminants based on background comparison Low 

Removal of contaminants based on toxicity screen Low 

Use of total versus filtered water samples Low to moderate 
Exposure Probability of land uses occurring High 
assessment Use of minimum ofUCL", and maximum for exposure Low 

concentration 

Assumed equilibrium conditions for exposure concentration Low to high 

Use of reasonable maximum exposure default exposure Low to moderate 
parameters for land use scenarios 

Evaluation of media separately for land use scenarios LolV to moderate 
Toxicity Lack of toxicity infonnation for some contaminants Low 
assessment Uncertainty in toxicity values from IRIS and HEAST Low to high 
Risk Presenting risk results by sample location Low to moderate 
characterization Presentation of total risk versus excess risk Low 

Addition of risks from radionuclides and chemicals Low to moderate 

Addition of pathway risks to detenuine scenario risks Low 

Bias 
Over 

Over 

Over 

Over 

Over or lUlder 

Over 

Under 

Under 

Over 
Over 

Over 

Over or under 

Over or under 

Under 
Under 

Over 
Over 

Over 

Over or under 

Over or under 

Please see t1le baseline human health risk assessment in Vol. 2 of the Bethel Valley RIfFS report (DOE 1999a) for additional 
discussion of each of these wlCertainties. 

ORNL ~ Oak Ridge National Laboratory 
cope == contaniinant of potential COllcem 

RIlFS = remedial investigation/feasibility Shldy 
HEAST = Health Effect Assessment Summary Tables. EPA 
IRIS = Integrated Risk Infonnatioll System. EPA 
UClqs = 95% upper confidence limit 
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2.7.2.1 Identification of contaminants of concern 

This section presents the COCs for each of the enviromnental media addressed by the baseline 
ecological risk assessment for Bethel Valley. In this section, the COCs are presented by area within 
media type (Le., soil, sediment, and surface water). For each media type, the following infornlation is 
presented in Table 2.11: 

• exposure medium (Le., surface water or sediment), 

• exposure area (Le., the location where the receptor contacts the contaminated medium), 

• COC (i.e., contaminant that was identified as eliciting a deleterious effect to an ecological receptor), 

• minimum and maximum detected concentrations, 

• mean concentration, 

• background concentration (i.e., the concentration found in samples collected from areas not 
impacted by releases from contaminant sources in Bethel Valley), 

• screening toxicity value (i.e., a value to which the environmental concentrations are compared to 
detelmine if the environmental concentration may elicit a deleterious effect to an ecological receptor), 
and 

• HQ (i.e., for all but radionuclides, a value derived by dividing the maximum concentration by the 
most conservative screening toxicity value. For radionuclides, a value derived by comparing an 
estimated dose against the screening value. Values greater than 1 indicate that a deleterious effect 
may be caused by exposure to the contaminated medium.). 

In this presentation, only contaminants determined to be of concern are listed. If additional 
infonnation concerning the list of contaminants of potential concern is of interest, the reader is referred 
to the RIfFS repOlt (DOE 1999a). 

2.7.2.2 Exposure assessment 

As noted above, COCs were selected for ecological receptors by considering the media in which 
contaminants were found and the pathways of exposure. This process, which is called exposure 
assessment, ultimately results in the development of a conceptual site model for the Bethel Valley area. 

This section presents the exposure assessment for the Bethel Valley area including the conceptual 
site model used for the Bethel Valley area and brief descriptions and discussions of the aquatic and 
tel1'estrial habitats and other infolmation used in model development. Specifically, the complete exposure 
pathways for each selected receptor species are discussed and exposure concentrations are presented. 

The area evaluated for aquatic species in the baseline ecological risk assessment for Bethel Valley 
consists of White Oak Creek and its tributmies (i.e., NWT, First Creek, and Fifth Creek) from the 
headwaters downstream to the 7500 Bridge as well as the Raccoon Creek drainage area (Fig. 2.2). 
Specific water courses examined for aquatic ecosystems were Raccoon Cl'eek in the Raccoon Creek area, 
NWT in the West Bethel Valley area. First Creek on the 'border between the West Bethel Valley and 
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Table 2.11. Occurrence, distribution, and COCs from baseline ecological risk assessment for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Screening Screening 
Minimum Maximum Mean Background toxicity toxicity value 

Contaminant of concern conc.(1 conc. conc. conc. valneb sourceb HQvaluec Receptor" 
Exposure medium: soil <all values in units ofmg/kg) 
Area: Raccoon Creek 
No data - - I - - - - - -
Exposure Medium: soil (all values for chemicals in mg/kg; mCs values in pCi/g except screening toxicity value, which is in mrad/day.) 
Area: West Bethel Valley 
Boron 8.30 5.680 1.580 37.7 NA Shrew 2.2 Short-tailed shrew 

0.50 Plant 11.400 Terrestrial plants 
Cadmium 0.39 5.00 1.42 ND 3.0 Plant 1.7 Terrestrial plants 
Cobalt 6.30 38.8 15.8 36.7 20.0 Plant 1.9 Terrestrial plants 
Silver 0.80 22.0 2.78 ND 2.0 Plant 11.0 Terrestrial plants 
Tin 41.6 73.9 54.4 NV 50.0 Plant 1.5 Terrestrial plants 
Zinc 33.5 921 106 108 50.0 Plant 18.4 Terrestrial plants 

200 Earthworm 4.6 Soil invertebrates 
13 Cs 0.044 28.000 1.550 1.53 1000' Earthworm 1.4 Soil invertebrates . 

100' Shrew 6.8 Short-tailed shrew 
Exposure medium: soil (all values in units ofmg/kg) 
Area: Central Bethel Valley 2'000 
Not assessed - - - J - I - I - - I -
Exposure medium: soil (all values in units ofmg/kg) 
Area: Central Bethel Valley 3000 North 
Not assessed - I - - - - j - - -
Exposure medium: soil (aU values in units ofmg/kg) 
Area: Central Bethel Valley 3000 South 
Not assessed - I - - - - - - -
Exposure medium: soil <all values in units ofmg/kg) 
Area: Central Bethel Valley 4000 
Not assessed - - I - - - - - -
Exposure medium: soil <all values in units ofmg/kg) 
Area: East Bethel Valley 
Not assessed - - I - - - - - -
Exposure medium: sediment (an values in units ofmg/kg) 
Area: Raccoon Creek 
None - - - - - - - -

~. -.. 
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Table 2.11. Occurrence, distribution, and COCs from baseline ecological risk assessment for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Screening Screening 
Minimum Maximum Mean Background toxicity toxicity value 

Contaminant of concern conc.u cone. cone. cone. valueb sourceb HQvaluec Receptord 

Exposure medium: sediment (all values in units ofmglkg) 
Area: West Bethel Valley (Northwest Tributary) 
bis(2-ethylhexyl)-phthalate 1.30 1.30 I 1.30 NY 7.14 0.182 TEL Benthic OfcraniSms 

Exposure medium: sediment (all values in units ofmglkg) 
Area: Central Bethel Valley 2000 (White Oak Creek and First Creek) 
Mercurv 0.27 7.90 3.67 NY 0.13 TEL 60.77 Benthic oraanisms 
Silver 0.25 19.7 8.14 1.70 0.73 TEL 26.99 Benthic organisms 
Zinc 3.70 424 190 117 120 MOE LEL 3.53 Benthic oraanisms 
Polynuclear aromatic hydrocarbons 

Benz( a )anthracene 0.50 5.00 2.91 NY 0.Q75 MOE_LEL 30.75 Benthic organisms 
Benzo(a)pyrene 0.50 5.00 3.02 NY 0.089 TEL 9.91 Benthic organisms 
Chrysene 0.50 5.00 3.15 NY 0.108 TEL 30.56 Benthic organisms 
Fluoranthene 0.50 5.10 3.49 NY 0.113 TEL 45.13 Benthic organisms 
Phenanthrene 0.50 5.00 3.22 NY 0.087 TEL 47.29 Benthic organisms 
Pyrene 0.50 5.00 3.35 NY 0.153 TEL 30.07 Benthic organisms 

Polychlorinated biphenyls 
Aroclor-1254 0.46 12.0 3.42 NY 0.06 MOE_LEL 200 Benthic organisms . 
Aroclor-1260 0.57 3.9 1.42 NY 0.005 MOE LEL 780 Benthic organisms 

Exposure medium: sediment (all values in units ofmglkg) 
Area: Central Bethel Valley 3000 North (Fifth Creek) 
Silver 4.50 4.50 4.50 1.70 0.73 TEL 6.16 Benthic organisms 
Polychlorinated biphenyls 

Aroclor-1248 0.62 0.62 0.62 NY 0.03 MOE_LEL 20.67 Benthic organisms 
Aroclor-1254 0.41 0.41 0.41 NY 0.06 MOE LEL 6.83 Benthic organisms 

Exposure medium: sediment (all values in units ofmglkg) 
Area: Central Bethel Valley 3000 South (White Oak Creek and Fifth Creek) 
Cadmium 3.10 4.30 3.70 3.30 0.6 MOE LEL 7.17 Benthic organisms 
Mercury 0.05 120 30 NY 0.13 . TEL 923.08 Benthic organisms . 
Silver 7.50 16.0 11.8 1.70 0.73 TEL 21.9 Benthic organisms 
Zinc 419 458 439 117 120 TEL 3.82 Benthic organisms 
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Table 2.11. Occurrence, distribution, and COCs from baseline ecological risk assessment for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Screening Screening 
Minimum Maximum Mean Background toxicity toxicity value 

Contaminant of concern conc.6 cone. conc. conc. valueb sourceb HQvalue' Receptord 

Polynuclear aromatic hydrocarbons 
Acenaphthene 0.49 3.00 1.75 NY 0.007 TEL 73.03 Benthic organisms 
Anthracene 0.63 0.85 0.74 NV 0.027 EQPCVFl 31.60 Benthic organisms 
Benz( a )anthracene 1.50 4.30 2.90 NY 0.Q75 TEL 57.49 Benthic organisms 
Benzo( a )pyrene 2.20 3.40 2.80 NY 0.089 TEL 38.29 Benthic organisms 
Chrysene 2.30 6.50 4.40 NY 0.108 TEL 60.19 Benthic organisms 
Fluoranthene 3.90 9.80 6.85 NY 0.113 TEL 86.73 Benthic organisms 
Phenanthrene 4.20 5.00 4.60 NY 0.087 TEL 57.67 Benthic organisms 
Pyrene 3.60 8.00 5.80 NY 0.153 TEL 52.29 Benthic organisms 

Polychlorinated biphenyls 
Aroc1or-1254 0.63 2.10 1.39 NY 0.06 MOE_LEL 35.0 Benthic organisms 
Aroc1or-1260 0.55 3.10 1.83 NY 0.005 MOE LEL 620.0 Benthic organisms 

Exposure medium: sediment (an values in units ofmglkg) 
Area: Central Bethel Valley 4000 (White Oak Creek) 
Silver 1.50 12.1 6.80 1.70 0.73 TEL 16.58 Benthic organisms 
Polynuclear aromatic hydrocarbons 

Anthracene 0.13 0.13 0.13 NY 0.027 EQPCVFl 4.83 Benthic organisms 
Benz( a )anthracene 0.63 0.63 0.63 NY 0.Q75 TEL 8.42 Benthic organisms . 
Benzo(a)PYTene 0.56 0.56 0.56 . NY 0.089 TEL 6.31 Benthic organisms 
Chrysehe 1.00 1.00 1.00 NY 0.108 TEL 9.26 Benthic organisms 
Fluoranthene 1.40 1.40 lAO NY 0.113 TEL 12.39 Benthic organisms 
Phenanthrene 0.71 0.71 0.71 NY 0.087 TEL 8.19 Benthic organisms 
Pyrene 1.20 1.20 1.20 NY 0.153 TEL 7.84 Benthic organisms 

Polychlorinated biphenyls 
Aroc1or-1260 0.65 0.65 0.65 NY 0.005 MOE LEL 130.0 Benthic organisms 

Exposure medium: sediment <an values in units ofmglkg) 
Area: East Bethel Valley 
None - - - - - - I - -
Exposure medium: surface water <all values in units ofmg/L) 
Area: Raccoon Creek 
Aluminum 0.026 2.10 0.411 0.339 0.Q75 SS EC20 28.0 Aquatic organisms 
Copper 0.0015 0.0044 0.0023 NY 0.000205 LTV DAPH 13.62 Aquatic organisms 
Iron 0.0025 1.20 0.301 0.806 0.0160 LTV DAPH 75.0 Aquatic Organisms 
Silver 0.0015 . 0.0062 0.0030 NY 0.000012 REGIV_CH 516.67 Aquatic organisms 

~ -, 
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Table 2.11. Occurrence, distribution, and COCs from baseline ecological risk assessment for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Screening Screening 
Minimum Maximum Mean Background toxicity toxicity valne 

Contaminant of concern cone.(/ cone. cone. cone. valneb stmrceb HQvalnec Receptor' 
Exposure medium: surface water (all values in units ofmgIL) 
Area: West Bethel Valley (Northwest Tributary) 
Aluminum O.oJ5 3.12 0.753 0.339 0.075 SS EC20 24.83 Aquatic organisms 
Cadmium 0.0005 0.0024 0.0012 NV 0.0000130 SS EC20 184.62 Aquatic organisms 

Chromium 0.0015 0.00113 0.0044 NV 0.000266 SS EC20 20.16 Aquatic organisms 
Copper 0.0016 0.0050 0.0038 NV 0.000205 LTV DAPH 22.17 Aquatic oraanisms 
Iron 0.010 2.60 0.714 0.806 0.0160 LTV DAPH 158.75 Aquatic organisms 
Mercury 0 . 0.0001 0 NV 4.53E-07 Kingfisher 155 Piscivores 

NOAEL 
Nickel 0.0025 0.0155 0.0083 NV 0.005 LCV DAPH 1.20 Aquatic organisms 

Silver 0.0015 0.0107 0.004 NV 0.0000120 REGIV CH 891.67 Aquatic organisms 
Thallium 0.001 0.075 0.0202 NV 0.004 REGV CH 11.48 Aquatic organisms 
Exposure medium: surface water (all values in units ofmg/L) 
Area: Central Bethel Valley 2000 (White Oak Creek and First Creek) 
Aluminum 0.015 1.95 0.449 0.339 0.075 SS EC20 14.71 Aquatic organisms 
Cadmium 0 0.0025 0.0013 NV 0.0000130 SS EC20 192.31 Aquatic organisms 
Chromium 0.0012 0.0136 0.004 NV 0.000266 SS EC20 50.00 Aquatic organisms . 
Copper 0.0013 0.0967 0.0094 NV 0.000205 LTV DAPH 471.71 Aquatic organisms· 
Fluoride 0.050 1.29 0.561 NV 1.08 EC20 POP 1.19 Aquatic organisms 
Iron 0.010 2.43 0.505 0.806 0.0160 LTV DAPH 77.92 Aquatic organisms 
Nickel 0.0024 0.0155 0.00680 NV 0.00500 LCV ALLO 1.38 Aquatic organisms 
Mercury 0 0.0018 0.0002 NV 0.0000123 REGIV_CH 56.91 Aquatic organisms 

4.53E-07 Kingfisher 265 Piscivores 
NOAEL 

Silver 0.0015 0.0123 0.004 NV 0.0000120 REGIV CH 1.025 Aquatic organisms 
Exposure medium: surface water (all values in units ofmg/L) 
Area: Central Bethel Valley 3000 North (Fifth Creek) 
None - I - - I - I - I - I - -
Exposure medium: surface water (all values in units ofmgIL) 
Area: Central Bethel Valley 3000 South (White Oak Creek and Fifth Creek) 

Aluminum 0.005 1.49 0.393 0.339 0.075 SS EC20 14.71 Aquatic organisms 
Chromium 0.0006 O.oJ08 0.0042 NV 0.000266 SS EC20 40.23 Aquatic organisms 
Iron 0.010 1.69 0.415 0.806 0.0160 LTV DAPH 89.36 Aquatic organisms 
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Table 2.11. Occurrence, distribution, and COCs from baseline ecological risk assessment for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Screening Screening 
Minimum Maximum Mean Background toxicity toxicity value 

Contaminant of concern conc.n cone. cone. cone. valueb sourceb HQvaluec Receptord 

Mercury 0 0.0048 0.0003 NV 0.0000123 REGIV_CH 44.72 Aquatic organisms 
4.53E-07 Kingfisher 1.210 Piscivores 

NOAEL 

Silver 0.0025 0.0102 0.0043 NV 0.0000120 REGIV CH 850 Aquatic organisms 
Exposure medium: surface water (all values in units ofmg/L) 
Area: Central Bethel Valley 4000 (White Oak Creek) 

Mercury 0 0.013 0.0005 NV 0.000123 REGIV_CH 81.30 Aquatic organisms 
4.53E-07 Kingfisher 2.210 Piscivores 

NOAEL 

Exposure medium: surface water (all values in units ofmg/L) 
Area: East Bethel Valley 
NONE 1 - .... 1 - I - J ..... - - J - I - -

a Minimum reported and maximum detected concentration. 
h For soil. sulface water. and sediment. a range of screening values were used in the Bethel Valley Baseline Ecological Risk Assessment. Only the value of the most' 

conservative screening criterion is presented in the table. 
e For all but radionuc1ides. the hazard quotient derived by dividing the maximum concentration by the most conservative screening value. For radionuc1ides. the hazard 

quotient derived from dose calculations presented in Sect. D. 7 .1.1 of the approved RIlFS for Bethel Valley Watershed. 
d Receptor for which the analyte is a COCo 
<' Screening toxicity values for radionuclides are in units ofmradlday. 

For soi1, the screening values included those for plants. earthwonns. and wildlife. Species of terrestrial wildlife considered were short~tailed shrew. white-footed mice. red 
fox, white-tailed deer, red-tailed hawk. wild turkey. and mink. 

For surface water. the evaluation included both piscivores and organisms living in water. The species of piscivores considered included the river otter. belted kingfisher. 
great blue huron, and mink. For water~dwe1ling organisms. the abbreviations and definitions of screening values include the following: 

• NA WQC_ACU-Current national criteria for protection of aquatic life from lethal effects in episodic exposures. Adjusted for hardness of 100 mgIL CaCO,. 
• NA WQC_ CHR-Current national criteria for protection of aquatic life from lethal and sublethal effects in e>.1ended exposures. Also adjusted for hardness of 100 mgIL 

CaCO,. 
• S _ ACU _V-Value estimated with 80% confidence to not exceed the unknown acute NA WQe. Derived ..wen NA WQC _ ACU is not available. 
• S CHR V-Value estimated witl' 80% confidence to not exceed the unknown chronic NA WQC. Derived when NA WQC CRR is not available. 
• LC:V]ISH-The lowest value. from acceptable fish chronic toxicity tests. of the geometric mean of the LOEC (lowest ob~ed effects concentration) and NOEC (no 

observed effects concentration). 
• LCV _DAPH-1lle lowest value. from acceptable daplmid chronic toxicity tests. oftl,e geometric mean ofthe LOEC and the NOEC. 
• LeV _NDI-The lowest value. from acceptable chronic toxicity test ofnonciaphnid invertebrate species, of the geometric mean of the LOEC and the NOEC. 
• LCV _AQPL-The lowest value. from acceptable aquatic plant toxicity tests. of the geometric mean of the LOEC and the NOEC. • 
• L TV_FISH-TIle lowest value. from acceptable fish toxicity tests, causing at least a 20% reduction in the weight of young per female or weight of young per egg. 
• LTV _DAPH-1l1e lowest value. from acceptable daplmid toxicity tests. causing at least a 20% reduction in the product of survivorship and fecundity. 
• SS_EC20-Sensitive species test that approximates the fifth perC\entile ofthe species sensitivity distribution. 

------
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Table 2.11. Occurrence, distribution, and COCs from baseline ecological risk assessment for Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

• EC20_POP-An estimate of the concentration that would cause a 20% reduction in the recruit abwtdance of large mouth bass. 
For sediment. the abbreviations and the definitions of the screening values include the following: 
• ER_L-ll1e tenth percentile of the estuarine sediment concentrations reported to be associated with some level of toxic effects. 
• ER_M-ll1e fiftieth percentile of the estuarine sediment concentrations reported to be associated with some level of toxic effects. 
• REGIV _SV-TI1e higher of two values. the EPA Contract Laboratory Program (CLP) practical quantitation limit (PQL) and the Effects Value that is the lower of the 

ER_L and the Florida NOEL (no observed effects level). 
• TEL-TIle geometric mean of the fIftieth percentile of the reported concentrations that were associated with some level of effects and the fiftieth percentile of reported 

concentrations that were associated with no adverse effects. 
• PEL-The geometric mean of the fiftieth percentile of the reported concentrations that were associated with some level of effects and the 85th percentile of reported 

concentrations that were associated with no adverse effects. 
• EPASQC1-Proposed sediment quality criteria based on toxicity in water expressed as chronic water quality criteria and partitioning of the contaminant between 

organic matter and pore water. 
• . EQPAWQCl. EQPAWQC2. EQPCVDl. EQPCVFl. EQPCV1I-Benchmarks derived using the same method as EPASQCI except that tbe expression ofaqueollS 

toxicity is one of five benchmarks: the chronic NAWQC. the Secondary Clrronic Value. the Lowest Chronic Value for Dapbnids. the Lowest Chronic Value for Fish. 
and the Lowest Chionic Value for Nondaphnid Invertebrates. 

• MOE_LEL-Concentrations detennined by the Ontario Ministry of Environment (MOE) to constitute thresholds for toxic effects in Ontario sediments. 
• MOE_SEL-Concentrations determined by the Ontario MOE to constitute thresholds for severe toxic effects in Ontario sediments. 
• WS_AET-A concentration above which toxic effects occurred at all sites in Puget Sound. 

Conc. = Concentration 
HQ = hazard quotient 
NA = a value is not reported in tile RIffS for Bethel Valley Watershed 
ND = not detected in backgrowld sample 
NV = a value is not reported in the background data.set 
ORNL = Oak RIdge National Laboratory 



Central Bethel Valley 2000 Areas, Fifth Creek on the border between the Central Bethel Valley 3000 and 
4000 Areas, and reaches of White Oak Creek that lie in East Bethel Valley and the Central Bethel Valley 
2000, 3000, and 4000 areas. 

Terrestrial receptors are considered quantitatively in the assessment of West Bethel. Valley. This is 
the only area of Bethel Valley with quality habitat for terrestrial receptors. The terrestrial ecosystems in 
Bethel Valley vary from highly disturbed to relatively undisturbed. Where highly disturbed, the current 
vegetative covel' is primarily grass and other herbaceous vegetation. Where undisturbed (i.e., outside the 
industrialized regions of ORNL), vegetation consists of second-growth mixed oak-hickory forests, on 
ridges and dry slopes and pine and pine-hardwood forests on lower slopes and in valleys. 

Species of wildlife found within or near to the Bethel Valley area include more than 60 species of 
reptiles and amphibians, more than 150 species of birds, and about 40 mammal species. Habitats include 
hardwood, mixed, and coniferous woods; wetlands; and streams. 

No federally listed 01' proposed threatened and endangered plant or animal species, or designated or 
proposed critical habitats, occur regularly in the area encompassed by the Bethel Valley area. However, 
both the bald eagle and peregrine falcon, listed as threatened at the time the risk assessment was 
prepared, are believed to be transient visitors to the area. Sevel'al state-listed threatened and endangered 
plants have been found in the area, and one state-listed threatened and endangered vertebrate species 
(osprey) has been seen within the area. In addition, several species listed by the State of Tennessee as "in 
need of management" have been observed. These include the Cooper's hawk, anhinga, great egret, 
double-crested COI'I'UOl'ant, and southeastern slu'ew. Populations of state-listed threatened and endangered 
plant species are located primarily upstream or away from the industrialized areas and include the whorled 

( 

mountain mint (PycanlhemulII verlicillalulII), pink lady's slipper (CypripediulII acaule), tall larkspur ( 
(Delphinium exaitatlllll), golden seal (Hydrastis canadensis), spreading false-foxglove (Aureolaria palula), 
Nuttal waterweed (Elodea nllttallii), ginseng (Panax quinquijolius), and Canada lily (Lilium canadense). 

Habitat and contaminant distribution infonnation was used to develop conceptual models for potential 
ecological exposure scenarios and select assessment endpoints. These models are in Figs. 2.15 and 2.16. 
Assessment endpoints are defined as any adverse effects on ecological receptors for which exposure' 
pathways are complete and are listed below: 

• reduction in species richness or abundance or increased frequency in gross pathologies in fish 
conununities resulting from toxicity, 

• reduction in species richness 01' abundance of benthic macroinvertebrate communities resulting from 
toxicity, 

• reduction in abundance 01' production ofpiscivorous wildlife populations r~sulting from toxicity, 

• reduction in abundance or production of earthworms resulting fi'om toxicity, 

• reduction in production often'estrial plant communities resulting from toxicity, and 

• reduction in abundance or production oftel1'estrial wildlife populations resulting from toxicity. 

Table 2.12 sunnnarizes the ecologicall'eceptol's, exposure routes, available data, and assessment and 
measurement endpoints by exposure medium. 
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Fig.2.1S. Conceptual model of potential ecological exposure scenarios. 
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Table 2.12. Ecological exposure media, endpoints, exposure routes, and assessment and measurement endpoints for the baseline ecological risk 
assessment for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Sensitive Endangered! 
environment threatened 

Exposure flag' species flagd Exposure 
Available data types' mediumll (V or N) Receptor'" -(YorN)- routes.:' Assessment endpoints' Measurement endooints1t 

Soil N Terrestrial plant V Uptake via root • Maintenance of native • Sing1e chemical toxicity • Species diversity 
(community) system vegetation • Qualitative observations • Chronic toxicity thresholds 

• Restoration of impacted areas 
Soil invertebrates N Ingestion and • Maintenance of functions. • Single chemical toxicity • Chronic toxicity thresholds 

(earthwonns) direct contact including litter degradation. 
nutrient cycling. and soil 
structure maintenance 

Terrestrial wildlife N Ingestion and • Species richness and diversity • Single chemical toxicity • Chronic toxicity thresholds 
(short~tailed shrew. direct contact • Reproductive success 
white-footed mouse. 
red fox. white-tailed 

deer. red~tailed hawk. 
wild turkey. mink) 

Sediment N Riffle benthic N Ingestion. • Sp~cies richness and • Biological sunrey • Species diversity and abundance 
organisms respiration. abundance • Media toxicity sunreys 

( cOImnunity) and direct • Single chemical toxicity • Survival of fathead minnows 
contact • Survival and reproductive 

success of water flea 
• Chronic toxicity thresholds 

Sediment benthic N Ingestion. • Species ric1mess and • Biological survey • Chronic toxicity thresholds 
organisms respiration. abundance • Media toxicity 

(col1Ummity) and direct • Single chemical toxicity 
contact 

Surface N Fish N Ingestion. • Species richness and • Biological sunrey • Species richness and ablmdance 
water ( connnunity) respiration. abundance • Biological indicators surveys 

and direct • Media toxicity • Physiological and histological . 
contact • Single chemical toxicity observations 

• Survival of fathead minnow 
• Survival and reproductive 

success of water flea 
• Hatching and survival of 

Japanese medaka 
• Chronic toxicity thresholds 

, 
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Table 2.12. Ecological exposure media, endpoints, exposure routes, and assessment and measurement endpoints for the baseline ecological risk 
assessment for the Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Sensitive Endangered! 
environment threatened 

Exposure flaO'b species flagd Exposure 
mediuma (Yo;Nl Receptor" -(YorN)- routes" Assessment en~ints! Available data types" MeasureJ;n.ent en~intsJI 

Piscivorous wildlife Y Ingestion and • Species riclmess and • Biological survey • Species abundance surveys 
(belted kingfisher. direct contact abundance • Media toxicity data • Reproductive toxicity results 

great blue, • Single chemical toxicity from mink 
mink. river otter) • Chronic toxicity thresholds 

• Body burdens of a kingfisher 

"Ex-posure medium-the environmental medium to which a receptor may be exposed 
"Sensitive environment flag-environments meeting the definition of a sensitive environment in the HRS for listing hazardous waste sites on the National Priorities List are given a "'Yes." 

Examples of sensitive environments include but are not limited to the follo'Ning: . 
• critical habitat for federal designated endangered or threatened species. designated federal 'Nildemess area. 

habitat known to be used by federal designated or proposed endangered or threatened species. 
• national or state 'Nild1ife refuge. 
• federal land designated for protection of natural ecosystems. 

terrestrial areas utilized for breeding by large or dense aggregations of animals. federal- or stateMde:iignated scenic or wild river. 
• st~te land designated for 'Nildlife or game management. 
• particular areas. relatively small in size. important to maintenance of unique biotic communities. and 

wetlands. 
('Receptor-class of receptor used in the risk assessment 
~ndangeredlthreatened species flag-indicator if federal- or state-listed endangered or threatened species of the receptor class are present 
"Exposure route-the route through which contaminants may impact the receptor class 
/ Assessment endpoint-the endpoint used for the receptor class in the risk assessment 
.eAvailable data types-the types of data available in the Bethel Valley data set for the receptor class 
IIMeasurement endpoint-the environmental metric (i.e .• measurement) used in the effects assessment contained in the risk assessment 

HRS =- Hazard Ranking System 
ORNL 0:: Oak Ridge National Laboratory 

~ '~ 



2.7.2.3 Ecological effects assessment 

In order to determine if adverse ecological effects resulted from exposure to contaminated media 
within the Bethel Valley area, several types of toxicity tests and field studies were completed. This section 
summarizes the types of toxicity tests and field studies used for the baseline ecological risk assessment and 
presents the results of the effects assessment performed as part of the baseline ecological risk assessnient. 

The information used to complete the effects assessment varied for aquatic organisms, terrestrial 
plants and soil invertebrates, and terrestrial wildlife. For aquatic organisms, the information used to 
complete the effects assessment consisted of results from single-chemical toxicity evaluations, estimates 
of fish body burden estimates, results of ambient water toxicity tests, surveys of the fish community 
surveys, selected indicators of fish reproduction, and surveys of the benthic invertebrate community. For 
terrestrial plants and soil invertebrates, the information used to complete the effects assessment was 
single-chemical toxicity evaluations and, for plants, qualitative obselvations. For terrestrial wildlife, the 
information used to complete the effects assessment consisted of single-chemical toxicity evaluations and 
biological surveys (mink only). 

For aquatic organisms, single-chemical toxicities for surface water and sediment were evaluated 
separately. For surface water, the screening benchmarks were taken from a database that includes National 
Ambient Water Quality Criteria (NA WQC); secondary values that approximate the NA WQC for chemicals 
without approved values; lowest chronic values for fish, invertebrates, and aquatic plants; lowest test 
EC,os for fish and daphnids (i.e., water fleas); Ecotox Threshold values issued by the EPA; and EPA 
Region 4 surface water screening values. In applying the NA WQC, values were corrected for a water 
hardness of 100 mglL. For sediment, the screening benchmarks were taken from a database that includes 
a set of benchmarks derived using equilibrium pattitioning procedures and EPA Region 4 sediment 
screening values. 

The effects assessment for fish body burdens utilized comparisons against thresholds for toxic 
effects expressed as geometric means of body burdens measured at the no observed effect and lowest 
obselved effect concentrations. Only mercury and PCBs were considered because they were the only 
contaminants believed to bioaccumulate in fish through dietary exposure. (The production of chemicals 
through degradation and transformation of detected constituents was not considered in the assessment.) 

The effects assessment for ambient water toxicity utilized infmmalion from several tests. These tests 
included the standard 7-day tests of growth and survival for fathead minnow latvae; the standard 7-day 
tests of reproductive fitness and survival for water fleas; an earty lifestage test with Japanese medaka 
eggs and larvae (White Oak Creek sites only); and a limited number of in situ toxicity tests performed 
using the snail Elimia claveformis. 

The effects assessments for fish community sUlveys, indicators of fish reproduction, and benthic 
invertebrate community surveys utilized infolmation from several sampling events perfomled as patt of 
monitoring activities. These assessments compared observed species abundance and diversity against 
those found in similar surveys at reference locations (fish) or in the literature (benthic inveltebrate). 

The effects assessments for single-chemical toxicity to plants and soil inveltebrates were completed 
using a comparison between maximum contaminant concentrations in soil and toxicological benchmarks 
for e3lthworms and plants. These benchmarks were compiled from results repmted in the literature. As 
mentioned eartier, no other effects assessments were perfonned for plants and soil inveltebrates. 
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The effects assessments for single-chemical toxicity to terrestrial wildlife were completed using models to 
estimate contaminant intake. In total, models were used to estimate intake via ingestion of food, water, and ( 
soil. Intake via derrual contact and inhalation were not estimated because intake via these routes was deemed 
negligible. All ingestion estimates were converted to a body weight-norrualized daily dose so that exposure 
estimates could be compared to benchmark doses above which undesirable effects may be. seen. 

2.7.2.4 Ecological risk characterization 

This section provides the conclusions of the ecological risk characterization (Tables 2.13-2.20) and 
the methods used to derive these conclusions. This section concludes with a short discussion or" the 
uncertainties affecting the results of the baseline ecological risk assessment. 

Risk characterization is the phase of the ecological risk assessment in which the inforruation concerning 
the potential effects of exposure is integrated to estimate risks. The risk characterization is perforrued for 
each assessment endpoint by (\) screening all measured contaminants against toxicological benchmarks 
and background concentrations, (2) considering the implications of other types of data (e.g., lines of 
evidence such as community surveys and toxicity tests and inforruation regarding process histOly) for the 
hypothesis that a hazard exists that requires further assessment or other action, (3) logically integrating 
the screening results with the other evidence to detelmine whether there is a credible hazard to the 
endpoint, and (4) listing and discussing the uncertainties in the assessment. 

As demonstrated by the summaries in Tables 2.13-2.20, unacceptable ecological risk is not evident 
in the West Bethel Valley and East Bethel Valley areas. Additionally, evidence of unacceptable 
ecological risk is conflicting for the Raccoon Creek, Central Bethel Valley 3000 North, Central Bethel 
Valley 3000 South, and Central Bethel Valley 4000 areas. However, evidence of unacceptable ecological 
lisk was evident for the Central Bethel Valley 2000 Area. ( 

The COCs for ecological receptors over all areas are presented in Table 2.20 by medium of exposure. 
As shown there, the greatest number of COCs are inorganic chemicals, and these inorganic chemicals' are 
relatively consistent over the three media. Additionally, as shown in Table 2.20, only two radionuclides e37 Cs and 2"U) and two classes of organic compounds [polycyclic aromatic hydrocarbons (PAHs) and 
PCBs 1 are of concern. The radionuclides are COCs for wildlife, and the organic compounds are COCs 
for aquatic organisms. 

Although the baseline ecological risk assessment was completed using the best site infOlmation 
available and following regulatOlY agency-approved methods, there are several uncertainties that should 
be considered when using the risk assessment results in decision making. These uncel1ainties are listed in 
Table 2.21 along with their estimated effect range (i.e., low, moderate, or high) and the direction each is 
expected to change the magnitude of the risk estimate (i.e., make larger or smaller). Of the uncertainties 
listed in Table 2.21, two are given a high estimated effect range: 

• bioavailability of contaminants and 
• extrapolation from published toxicity data when deriving toxicity values. 

These unce11ainties should be considered especially when making remedial decisions for the Bethel 
Valley area. 
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Table 2.13. Ecological risk cbaracterization summary for Raccoon Creek, BeIhel Valley, 
ORNL, Oak Ridge, Tennessee 

Line of Evidence Effects Comments 
Soil 

No results 
Set/imellt 

Single-chemical - No toxicological benchmarks were exceeded. 
toxicity data 

Standard toxicity tests - Not available 
Weight-of-evidence - Aquatic organisms exposed to Raccoon Creek sediments are not expected to 

conclusion experience any significant adverse effects. 
Surface ovater 

Single-chemical +/- Probable effects-level benchmarks were exceeded by allUllinlUll at four locations and 
to,xicity data by iron, copper, and silver at one location. However, these metals are likely associated 

with the particulate fraction of unfiltered water and may not be bioavailable. 
Standard toxicity tests - There was no acute or chronic toxicity in Northwest Tributary water, and 

aluminum, copper, iron. and silver concentrations in Raccoon Creek were similar 
to concentrations in the Northwest Tributary 

Piscivol'OUS wildlife - No analytes exceeded screening-level benchmarks for effects on piscivorous wildlife. 
Weight-of-evidence +/- It is unlikely that contaminants exceeding benchmarks in Raccoon Creek 

conclusion represent a significant risk to aquatic organisms. Concentrations in filtered 
water samples are unlikely to be fully bioavailable. Lack of toxicity at similar 
or higher concentrations in Northwest Tributary indicates a similar conclusion 

"+" indicates that results are consistent with the hypothesis that effects are oecuning . 
.• ~" indicates results are 110t consistent with the hypothesis that effects are occurring and suggests 110 significant risks are at 

the site. 
"+/-" indicates that the evidence is inconclusive or conflicting, and a deftnitive detennillatioll of whether adverse effects are 

occurring is not possible. 

ORNL '" Oak Ridge National Laboratory 
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Table 2.14. Ecological risk characterization summary for West Bethel Valley, Bethel Valley, 
ORNL, Oak Ridge, Tennessee . 

Line of evidence Effects Comments 
Soil 

Single-chemical - Population-level effects are muikely for terrestrial wildlife. However, a single 
toxicity data: wildlife hot spot for I37Cs is at SWSA 3-3, and hot spots for boron are at two additional 

locations. 
Single-chemical +/- Boron, silver, and zinc exceed benclnnarks at four locations. However, the 

toxicity data: plants sites are vegetated, suggesting limited toxicity. 
Single-chemical + Both zinc and I37Cs exceed their benchmark at a single localion. 

toxicity: soil 
invertebrates 

Weight of evidence +/- While risks from chemicals in soil are limited in extent, they are apparent 
conclusion at five locations. However, population-level effects are deemed unlikelv. 

Sediment (Northwest TributarJ~ 
Benthic community +/- Density and species richness are similar to upstream reference location, but 

surveys there is a noticeable lack of mayflies. 
Single-chemical - No analytes exceeded probable-effects-Ievel benchmarks, and only bis(2-

toxicity data ethylhexyl)phthalate, a probable laboratory contaminant, exceeded possible-
effects-level benchmarks. 

Weight-of-evidence - Northwest Tributary is relatively unimpacted. 
conclusion 

Sur/ace water (Northwest Tributary) 
Fish community survey - While fish density declined, biomass increased. Lengthlfrequency pattenlS 

were similar to those of nonnal populations. 
Benthic community +/- Density and species riclmess are similar to upstream reference location, but 

survey metal sensitive mayflies may be affected. 
Aqueolls toxicity tests - No indication of aCllte or chronic toxicity. 

Fish chemical body· - Mean mercury concentrations in sunfish were similar to concentrations in fish 
burdens from an uncontaminated reference siie. Mean polychlorinated biphenyl 

concentralions were below FDA aclion levels. 
Single-chemical + Alwniuum, cadmium, chromium, iron, nickel. and silver exceed probable M 

toxicity data effects-level benchmarks at Northwest Tributary and at sampling location SW-8. 
Copper and thallium in the Northwest Tributary also exceed the benchmark. 

Piscivorous wildlife +/- Wllile exposure estimates based on fish tissue data marginally exceeded 
lowest-observed-effect levels for river otter and kingfisher, mean mercury 
concentrations in sunfish were similar to concentrations in fish from an 
uncontaminated reference site. 

Weight-of-evidence - Northwest Tributary is relatively un impacted. 
conclusion 

"+" indicates that results are consistent with the hypothesis that effects are occurring. 
"." indicates results are not consistent with the hypothesis that effects are accuning and suggest 110 significant risks are at 

the site. 
"+1·" indicates that the evidence is inpollclusive or conflicting. and a definitive detenllination of whether adverse effects are 

occurring is not possible. 

FDA = U.S. Food and Dntg Administration 
ORNL ~ Oak Ridge National Laboratory 
SWSA = solid waste storage area 
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Table 2.15. Ecological risk characterization summary for Central Bethel Valley 2000 Area, Bethel Valley, 
ORNL, Oak Ridge, Tennessee 

Line of evidence Effects Comments 
Soil 

Not assessed 
Sedimelll (Wilile Oak Creek) 

Benthic conununity + Total and EPT species richness are lower than upstream reference location: cOllllllunity 
surveys dominated by pollutant-tolerant taxa; gradual improvement since 1987. 

Single-chemical toxicity + Mercury, silver. zinc, polycyclic aromatic hydrocarbons. and polychlorinated biphenyls 
data exceeded probable-effects-level benchmarks at two locations: mercury. silver. and 

Aroc1or-1260 exceeded at all location: and mercury alone exceeded probable-effects-
levels at a single location. 

Weight-of-evidence + The benthic invertebrate community in the -2000 Area reach of "'hite Oak Creel{ 
conclusion has been imPActed. 

Sed/melll (Firsl Creek) 
Benthic c0.nmnmity + Total and EPT species richness are lower Ulan upstream reference location; COmnllUlity 

surveys dominated by pollutant-tolerant taxa; gradual improvement since 1987. 
Single-chemical toxicity + Mercury, silver, zinc. and Aroclor-1254 exceeded probable-effects-Ievel benchmarks at 

data one location: silver and Aroclor-1254 exceeded at another location. 
\Veigbt-of-evidence + The benthic invertebrate community in lower First Creek has been severely 

conclusion imoacted. 
Swface waler (Wllile Oak Creek) 

Fish community survey +1- Fish density and biomass increased from 1991 to 1995 but has decreased since then. Lengdli 
frequency pattems were similar to tbose of normal populations during the increase. 

Benthic community + Total and EPT species richness are lower than upstream reference location. Community 
survey dominated by pollutant-tolerant types. 

Aqueous toxicity tests +1- No indication of acute ~r. chronic toxicity in standard tests. but survival of Japanese 
1l1adaka embryos was lower than in controls 

Single-chemical toxicity + Aluminum. cadmium. chromium. copper. iron. fluoride. nickel. and sHver exceeded 
data probable-effects-level benchmarks at one location. Mercury exceeded probable effects 

levels at an outfalL 
Piscivorous wildlife - While exposure estimates from mercury in water concentrations indicate potential 

effects. exposure based on fish tissue data suggest mercury does not pose a risk. 
\Veight-of-evidence + Impacts on benthic community continue to be evident, single-chemical toxicity data 

conclusion suggest effects are probable, and water may be toxic to sensitive receptors. However, 
standard toxicity tests do not indicate toxicity to fish or aquatic invertebrates. 

SlIiface waler (Firsl Creek)_ 
Fish conUllwuty survey + Fish density and biomass declined from 1992 to 1997. Length/frequency patterns were 

not similar to those of normal populations. 
Benthic conmumity + Total and EPT species richness are much lower than upstream reference location. Comll11ullty 

survey dominated by pollutant-tolerant types. 
Aqueous toxicity tests - No indication of acute or chronic toxicity in standard tests. 
Single~chemical toxicity + Aluminum, cadmiulll. chromium. iron. and silver exceeded probable effects level 

data benchmarks at two locations. 
Piscivorous wildlife - While exposure estimates from mercury in water concentrations indicate potential effects. 

exposure based on fish tissue from downstream in White Oak Creek. where mercury 
concentrations were higher. suggest mercury does not pose a risk. 

\Vejght-of~evidence + ~\'hile impacts on fish and benthic communities continue to be evident, toxicity tests 
conclusion sue:e:est the water is not toxic. 

"+" indicates that results are consistent \\dtll the hypothesis that effects are occurring. 
,,~ .. indicates results are not consistent "dth the hypothesis that effects are occurring and suggest no significant risks are at 

the site. 
"+/-" indicates that the evidence is inconclusive or conflicting. and a definitive detennination of whether adverse effects are 

occurring is 110t possible. 

EPT = Ephemoroptera. Plecoptera. and Trichoptera 
ORNL = Oak Ridge National Laboratory 
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Table 2.16. Ecological risk characterization summary for Central Bethel Valley 3000 North Area,' 
Bethel Valley, ORNL, Oak Ridge, Tennessee 

Line of Evidence Effects Comments 
Soil 

Not assessed 
Sediment (Flftlt Creek) 

Benthic community + Total and EPT species rielmess are lower than upstream reference location; 
surveys cOlmnunity is dominated by pollution-tolerant types; gradual improvement 

since 1987. 
Single-chemical + Polychlorinated biphenyls and silver exceeded probable-effects-Ievel benchmarks 

toxicity data at one location. 
Weight-of-evidence + The benthic invertebrate community in the 3000 North Area reach of 

conclusion Fifth Creek has been impacted. 
Surface water (Flftlt Creek) 

Fish community survey - The fish conununity has improved since 1992 and appears stable. 
Benthic community +/- Total and EPT species riclmess are lower than upstream reference location; 

survey however, conmmnities have shown improvement and appear stable. 
Aqueous toxicity tests - No indication of acute or chronic toxicity in standard tests. 

Single-chemical - No anal)1eS exceeded probable-effects-level benclmiarks. 
toxicity data 

Piscivorous wildlife - No identified risk to piscivorous wildlife. 
Weight-of-evidence +/- Impacts on the benthic community continue to be evident; however, single-

conclusion chemical toxicity data and toxiCity tests do not indicate risk to fish or aquatic 
invertebrates. 

"+" indicates that results are consistent with tile hypothesis that effects are occurring. 
,,-,. indicates results are not consistent with the hypothesis that effects are occurring and suggest no significant risks are at 

the site. 
"+/-" indicates that the evidence is inconclusive or conflicting. and a defmitive detemlination of whether adverse effects are 

occurring is not possible. 

EPT = Ephemoroptera. Plecoptera. and Trichoptera 
ORNL ~ Oak Ridge National Laboratory 
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Table 2.17. Ecological risk characterization summary for Central Betbel Valley 3000 South Area, 
Bethel Valley, ORNL, Oak Ridge, Tennessee 

Line of evidence Effects Comments 
Soil 

Not assessed 
Set/ill/elll (White Oak Creek) 

Benthic conullunity + Total and EPT species richness are lower than upstream reference location. ComnuUlity 
surveys is dominated by pollutanHolerant taxa. 

Single-chemical toxicity + Mercury, silver, zinc, polycyclic aromatic hydrocarbons. and polychlorinated biphenyls 
data exceeded probable-effects-Ievel benchmarks at one location liear an outfall. 

\Veight-of-evidence + The benthic illl'crtebrate community in the 3000 Area reach of "'hite Oak Creek 
conclusion has been impacted. 

Set/ill/elll (Flftll Creek) 
Benthic community + Total and EPT species richness are lower than upstream reference location: community 

surveys dominated by pollutant-tolerant taxa but shows improving trend. 
Single-chemical toxicity + Cadmium, silver. zinc, and polychlorinated biphenyls exceeded probable-effects-level 

data benchmarks at one location: and mercury exceeded at two locations near outfa11s. 
Weight-of-evidence + The benthic invertebrate community in the 3000 Area reach of Fifth Creek has 

conclusion been impacted. 
Surface water (White Oak Creek) 

Fish community survey - Fish density and biomass increased from 1992 to 1993. Length/frequency patterns were 
similar to those of 110nnal populations. 

Benthic community + Total and EPT species ric1Uless are lower than upstream reference location. Community 
survey is dominated by pollution-tolerant types. 

Aqueous toxicity tests +1- There is 110 indication of acute or chronic toxicity in standard tests. but survival of 
Japanese medaka embryos was lower than in controls. 

Single-chemical toxicity + Aluminum. chromium. iron. and silver exceeded probable-effects-level benchmarks a 
data one location. Mercury exceeded probable effects levels at two outfalls. 

Piscivorous wildlife +1- While exposme estimates from modeled mercUl)' water concentrations indicated potential 
effects. exposures based on fish tissue data from downstream suggest mercury does not 
pose a risk. 

'Veight-of-evidence + hnpacts OD the bentWc community continue to be evident, single-chemical toxicity data 
conclusion suggest effects arc probable, and water may be toxic to sensitive receptors. However, 

the fish community is improving, and standard toxicity tests do not indicate toxicity to 
fish or aquatic invertebrates. 

SlIrface water (Fiftll Creek) 
Fish COnUl1lUlity survey - Fish density and biomass indicate improvement over pre-1991 years. Species richness 

remained stable. 
Benthic community + Total and EPT species richness are lower than upstream reference location. Conmmuity 

survey is dominated by pollutant-tolerant types but shows improving trend. 
Aqueous toxicity tests - There is no indication of acute or chronic toxicity in standard tests. 

Single-chemical toxicity + Aluminum. chromium. and iron exceeded probable-effects-Ievel benchmarks at one 
data location. 

Piscivorous wildlife +1- While exposure estimates from mercury in water concentrations indicate potential efiects. 
exposure based on fish tissue data from downstream suggest mercury does not pose a 
risk. 

\Veight -0 f-evi d en ce +1- Impacts on bentWc community continue to be evident, and single-chemical toxicity data 
conclusion suggest effects arc probable. However, the fish community is stable or improving, 

the benthic community is improving, and standard toxicity tests do not indicate 
toxicity to fish or aquatic invertebrates. 

"+" indicates that results are consistent with the Irypothesis that effects are occurring. 
,,-,. indicates results are not consistent with the hypothesis that efIects are occurring and suggest no significant risks are at the site. 
"+/-" indicates that the evidence is inconclusive or conflicting, and a definitive detennination of whether adverse effects are occurring is 

not possible. 

EPT = Ephemoroptera, Plecoptera. and Trichoptera 
ORNL = Oak Ridge National Laboratory 
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Table 2.1S. Ecological risk characterization summary for Central Bethel Valley 4000 Area, Bethel Valley, 
ORNL, Oak Ridge, Tennessee ( 

Line of evidence Effects Comments 
. Soil 

Not assessed 
Sedimellf (Wltile Oak Creek) 

Benthic community + Total and EPT species rielmess are lower than upstream reference location. 
surveys Commllllity is dominated by pollution-tolerant types but shows improving trend. 

Single-chemical + Silver, polycyclic aromatic hydrocarbons, and polychlorinated biphenyls exceeded 
toxicity data probable-effects-level benchmarks at one location, and mercury exceeded 

probable-effects-levels at a location on White Oak Creek upstream of Fifth Creek. 
Weight-of-evidence + The benthic invertebrate community in the 4000 Area reacb of Wbite 

conclusion Oak Creek has been impacted. 
Surface waler (While Ollk Creek) 

Fish community survey - The fish community is stable, with normallengthlfrequency relationships. 
Benthic community + Total and EPT species ricimess are lower than upstream reference location but 

survey show a trend of steady improvement. 
Aqueous toxicity tests +/- There is no indication of acute or chronic toxicity in standard tests; however, 

embryo-larval toxicity tests suggest a major source of toxicity possibly related 
to chlorine from an outfall. 

Single-chemical +/- Mercury exceeded probable-effects-levels at an outfall"in 1995, but not in 
toxicity data 1994 or 1996. 

Piscivorous wildlife +/- Exposure estimates modeled from mercury water concentrations indicated 
potential effects; there were no fish tissue data for further evaluation. 

Weight-of-evidence +/- Impacts on the benthic community continue to be evident; single-chemical 
conclusion toxicity data suggest effects are possible, and embryo-larval toxicity tests 

suggest a major source of toxicity. However, the fish community is stable 
or improving, the benthic community is improving, and standard toxicity 
tests do not indicate risk to fish or aquatic invertebrates. Main concern in 
this reach mav be chlorine from a sin~le outfall. 

"+" indicates that results are consistent with the hypothesis that effects are occurring. 
"." indicates results are not consistent with the hypothesis that effects are occurring and suggest no significant risks are at 

the site. 
"+/." indicates that the evidence is inconclusive or conflicting. and a defmitive detennination of whether adverse effects aTe 

occurring is not possible. 

EPT = Ephemoroptera, Plecoptera. and Tricitoptera 
ORNL ~ Oak Ridge National Laborator), 
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Table 2.19. Ecological risk characterization summary for East Bethel Valley area, Bethel Valley, ORNL, 
Oak Ridge, Tennessee 

Line of Evidence Effects Comments 
Soil 

Not assessed 
Sediment (Wltlle Oak Creek) 

Standard toxicity tests - Not available. 
Single-chemical - No toxicological benchmarks were exceeded. 

toxicity data 
Weight-of-evidence - Aquatic organisms exposed to White Oak Creek sediments in East Bethel 

conclusion Valley are not expected to experience any significant adverse effects. 
Surface waler (Wltile Oak Creek) 

Aqueous toxicity tests - There was no indication of acute or chronic toxicity based on standard or 
medaka tests. 

Single-chemical - No analytes exceeded probable-effects-Ievels benchmarks. 
toxicity data 

Piscivorous wildlife - No anal)1es exceeded screening level.benchmarks for effects on piscivorous 
wildlife. 

Weight-of-evidence - It is unlikely that contaminants in East Bethel Valley surface water pose 
conclusion risk to aquatic organisms. 

"+" indicates that results are consistent with the hypothesis that effects are occurring. 
".1' indicates results are not consistent with the hypothesis that effects are occurring and suggest no significant risks are at 

the site. 
"+/-" indicates that the evidence is inconclusive or conflicting, and a definitive detemlillation of whether adverse effects are 

occurring is not possible. 

ORNL ~ Oak Ridge National Laboratory 
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Table 2.20. COCs for ecological receptors, Bethel Valley, ORNL, Oak Ridge, Teonessee 

Exposure medium COC 
Soil Boron 

Cadmium 
Cobalt 
Silver 
Tin 
Zinc 
131CS 

234U 

Sedimellt Cadmium 
Mercury 

Silver 
Zinc 

PAHs 
PCBs 

Surface water Cadmium 
Chromium 

Cobalt 
Iron 

Mercury 
Selenium 

Silver 

cae = contaminant of COlleent 
ORNL ~ Oak Ridge National Laboratory 
PAR = polycyclic aromatic hydrocarbon 
PCB ~ polychlorinated biphenyl 
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Assessment endpoint 
Wildlife, plants 

Plants 
Plants 
Plants 
Plants 

Soil illvertebrates, plants 
Wildlife 
Wildlife 

Aquatic organisms 
Aquatic organisms 
Aquatic organisms 
Aquatic organisms 
Aquatic organisms 
Aquatic organisms 
Aquatic organisms 
Aquatic organisms 
Aquatic organisms 
Aquatic organisms 

Aquatic organisms, Piscivores 
Pisclvores 

Aquatic organisms 
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Table 2.21. Sources of uncertainty in the Bethel Valley ecological risk assessment, . 
Bethel Valley, ORNL, Oak Ridge, Tennessee 

Estimated effect 
Step Uncertainty range Bias 

COPC selection Estimating whole fish concentrations from fillet concentrations Moderate Over or under 
Exposure Bioavailability of contaminants Moderate to high Over or under 
assessment Lack of consideration of variable food consumption when Moderate Over or under 

deriving dose estimates 
Contaminant concentrations in prey and foodstuffs Moderate Over or under 
Physical size of prey versus size consumed Low Over or under 
Variable response to contaminants Lmv to moderate Over 
Uptake factors Low to moderate Over or under 

Toxicity Extrapolation from published toxicity data when deriving Moderate to high Over 
assessment toxicity values 

Lack of benchmarks for some metals and most organic compounds Moderate Under 
Risk Consideration of chemicals individually versus as a group. Moderate Over or under 
characterization Assumption that most toxic form of inorganic chemical present Moderate Over 

Please see the baseline ecological risk assessment in Vol. 2 of the Bethel Valley RIlFS report (DOE 1999a) for additional 
discussion of each of these uncertainties. 

LOW--Ullcertainty may cause the risk estimate to vary up to one order of magnitude. 
Moderate--Uncertainty may cause the risk estimate to vary up to !wo orders of magnitude. 
High-Uncertainty may cause the risk estimate to vary by more than two orders of magnitude 

COPC = contaminant of potential concern 
ORNL ~ Oak Ridge National Laboratory 
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2.7.3 Conclusions from Baseline Risk Assessment and Basis for Action 

This section presents the overall conclusions reached in the baseline risk assessment for Bethel 
Valley that drive the need for action and concludes with the basis for action statement for the Bethel 
Valley area. The conclusions in this section integrate the risk infOlmation with that from the site 
characterization discussions. 

2.7.3.1 Risks associated with Central/East Bethel Valley 

Contaminants of Concern. CentmIlEast Bethel Valley contains numerous COCs, including 
radionuclides, metals, and VOCs. COCs are contaminants that could potentially cause a threat to human 
health or the enviromnent that need to be addressed by a response action. These constituents are found in 
soil, surface water, sediment, and groundwater. Following are the predominant site-related COCs: 

• 

• 

• 

• 

soil' 137CS wCo mTh and 228Ra· . } " , 

surface water: mercury for protection of aquatic species; 

sediment: 137CS for protection of human health and mercury, silver, zinc, cadmium, PCBs, and PAHs 
for protection of aquatic species; and 

groundwater: 9OSr, mRa, 3H, arsenic, antimony, manganese, TCE, and vinyl chloride. 

Soils and Sediment Contamination. Contaminated soils and sediment throughout the area exhibit 
unacceptable risk levels (above I x 10") of radionuclide contamination, particularly by gamma emitters 
(i.e., I37Cs) to industrial workers. These areas are concentrated in the main ORNL complex [Surface 
Impoundments Operable Unit (SIOU) and GAA T area, in particular j, White Oak Creek floodplain, and 
SWSA 1. Radiologically contaminated areas are properly isolated, and controls are in place to protect the 
cun-ent workers. In the absence of these controls, current or future workers would be at risk for 
unacceptable radiological exposure. In addition, sediment contamination associated with First Creek 
poses unacceptable risk greater than I x 10" to the recreational user as a result of 137CS. The sUl'face water 
bodies have been classified by the State of Tennessee for Recreation, Fish and Aquatic Life, Livestock 
Watering and Wild/ije, and irrigation uses. 

Groundwater Contamination. Groundwater contamination exceeds MCLs throughout CentrallEast 
Bethel Valley. Radionuclide groundwater contamination (primarily 90Sr and 3H) underlies Central Bethel 
Valley, and a VOC plume (primarily TCE) underlies East Bethel Valley. Groundwater is not used for 
industrial purposes; however, it has been significantly impacted by historical activities. In addition, 
groundwater seeps into utility lines and trench backfill and migrates into treatment facilities, accumulates 
in building sumps, and discharges directly to surface water. 

Surface Water Contamination. First Creek, Fifth Creek, and White Oak Creek surface water do 
not exhibit risk values that exceed human health risk greater than I x 10.4 to recreational users (maximum 
of 8 x 10'"). However, in Bethel Valley, 90SI' contributes to risks at White Oak Dam in Melton Valley. 
First Creek surface waters also exceed I x 10.4 risk to industrial users, primarily as a result of 90SI' and "'Ra. 

Building and Facility Contamination. Buildings and other facilities, tanks, and pipelines in Central/ 
East Bethel Valley are contaminated and pose potential unacceptable ris!} to industrial workers. 
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Risks to Ecological Receptors. In CentralJEast Bethel Valley, unacceptable risk is posed to aquatic 
organisms in First Creek and White Oak Creek surface water and sediment. Unacceptable risk occurs 
when ecological receptors are exposed -to contamination to the extent that local populations and/or 
communities of plants and animals on 01' neal' the site are unable to maintain a healthy state. This can be 
indicated by a reduction in diversity of species, increases in mOltality, 01' diminished reproductive capacity. 

Surface water and sediment in First Creek and the lower reach of White Oak Creek (downstream of 
the confluence with First Creek) pose the greatest risk. Ecological COCs include metals (predominantly 
mercury) in surface water and metals, PCBs, and PAHs in sediment. Piscivores (fish-eating animals) 
exposed to organisms in White Oak Creek may be adversely affected by mercury. Ra,dionuclide 
exposures do not pose an unacceptable risk to either group of organisms. 

2.7.3.2 Risks associated with West Bethel Valley/Raccoon Creek 

Site risks associated with West Betllel ValleylRaccoon Creek are summarized as follows. 

Contaminants of Concern. West Bethel Valley/ Raccoon Creek contains mUltiple COCs in soil and 
groundwater. Following are the predominant site-related COCs: 

• soil: I37Cs, 60Co, "'Th, and "'Ra; and 
• groundwater: 90Sr. 

Soil and Burial Ground Contamination. SWSA 3 and associated soils present an unacceptable 
risk to on-site industrial workers. Presence of long half-life radionuclides in fue former disposal area 
poses a future potential unacceptable risk. Isotopes of uranium and other radionuclides, as well as various 
other solid wastes, reportedly have been disposed of in SWSA 3. Some of these isotopes will continue to 
release radiation for fuousands of years; however, the amount of these long-lived isotopes is a small 
portion of fue total contaminant invento,ry. 

Groundwater Contamination. Groundwater contamination exceeds MCLs at several locations in 
West Bethel Valley. A contaminant plume emanates from SWSA 3 from groundwater contact with 
wastes. The plume extends from the contaminant sources to nearby surface streams (NWT and Raccoon 
Creek). Strontium-90 concentrations exceed MCLs, as do 3H and some VOCs. 

Risks to Ecological Receptors. Potential ecological risks to terrestrial receptors from exposure to 
radionuclides in surface soil were identified but are limited in extent. Cesium-13 7 accounts for more than 
85% of the risk, but it comes from one sample location. Boron also is of potential ecological concern, 
also at a few locations. Due to the minimal area of contamination, impacts to ten'estrial populations 
within West Bethel Valley are not indicated. 

Weight-of-evidence screening suggests NWT is relatively unaffected by activities in West Bethel 
Valley. However, there are no data in the stream closest to the disposal area. 

Surface Water Contamination. The surface waters pose less than 1 x 10" risk under the 
recreational scenario (maximum 7 x 10-6). Total risk to surface water is also below a risk level of 1 x 10" 
for industrial workers (maximum of 6.7 x 10.5) or recreational use in both creeks. Under the residential 
scenario, which assumes the creeks are a source of drinking water, 90Sr exceeds acceptable (1 x 10") risk 
in Raccoon Creek, and 90Sr and "'Ra exceed acceptable risk in NWT. There are limited data in the 
upstream locations on NWT, and few analyses other than radionuclides were done for either stream. 
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2.7.3.3 Basis for Action Statement 

A response action is generally warranted if one or more of the following conditions exist at a site: 
(1) the cumulative ELCR to an individual exceeds 1 x 10-4 (using RME assumptions for either the current 
or reasonably anticipated future land use or current or potential beneficial use of groundwater and/or 
surface water); (2) the systemic toxicity HI is >1 (using RME assumptions for either the current or 
reasonably anticipated future land use or current or potential beneficial use of groundwater and/or 
surface water); (3) site contaminants cause adverse environmental impacts; or (4) chemical-specific 
standards or. other measures that define acceptable risk levels are exceeded and exposure to contaminants 
above these levels is predicted under current or reasonably anticipated future land use_ 

Because each of the conditions listed in the preceding paragraph exists at some areas within Bethel 
Valley, a response action for those areas is appropriate_ Following are specific conditions of note: 

• Industrial risk levels for soil exceed 1 x 10-4 in West and Central Bethel Valley. Recreational risk 
levels for sediment exceed acceptable levels in Central Bethel Valley. 

• Residential risk levels for groundwater exceed 10-4 in portions of Central Bethel Valley. Groundwater 
contamination exceeds MCLs throughout Central/East Bethel Valley and at several locations in 
West Bethel Valley. 

• There are significant potential impacts to populations of benthic inveltebrates in the sediments of 
Central Bethel Valley_ 

• The A WQC for several analytes, including mercury, have been exceeded_ 

The response action selected for those areas in this ROD is necessary to protect public health or 
welfare or the enviromnent from actual or threatened releases from these areas of hazardous substances, 
pollutants, or contaminants that may present an imminent and substantial endangerment to public health 
and welfare. 
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2.8 REMEDIAL ACTION OBJECTIVES 

RAOs provide a general description of what the cleanup will accomplish. This section outlines the 
RAOs, provides the basis and rationale for the RAOs, and describes how the RAOs address risks 
identified in the risk assessment. Section 2.8.1 focuses on the RAOs considered for alternative 
development and Sect. 2.8.2 focuses on the fmal RAO established for the selected remedy. 

2.8.1 RAOs Considered for Alternative Development 

Based on threats to human health and the environment, a range of protective RAOs was developed 
to focus the planning of remedial alternatives. RAOs were developed sepamtely for the CentralJEast 
Bethel Valley and the West Bethel ValleylRaccoon Creek subareas. This was done because contamination 
in West Bethel ValleylRaccoon Creek is limited to discrete areas (i.e., SWSA 3, the Contractor's 
Landfill, the Closed Scrap Metal Area, and a few small areas of potential surface soil contamination), 
while CentralJEast Bethel Valley contains widespread contamination resulting from its use as a nuclear 
facility. Thus, land use options that were considered in the FS for West Bethel ValleylRaccoon Creek 
were different from those considered for CentrallEast Bethel Valley (DOE 1999a). Furthermore, because 
contamination in West Bethel ValleylRaccoon Creek and CentrallEast Bethel Valley is in separate 
watersheds, these subwatersheds have little impact on each other. The RAOs for each of these subareas 
are presented in this section. 

2.8.1.1 RAOs for CentrallEast Bethel Valley 

Major problems identified in CentralJEast Bethel Valley are the presence of (I) radiological 
contamination in buildings and other facilities, buried wastes, tanks, soil, and underground pipelines that 
poses an unacceptable risk to human health; (2) radiological contamination in groundwater that 
contributes to contamination of surface water; (3) mercUlY contamination in surface water that exceeds 
A WQC; (4) radiological contamination in surface water that contributes to excess human health risk at 
White Oak Dam as described in the Melton Valley watershed ROD (DOE 2000c); (5) radiological 
contamination in sediment that poses an unacceptable risk to human health; and (6) metal and organic 
contamination in sediment that poses an unacceptable risk to aquatic species. 

Table 2.22 presents the protection goals (elements that when combined make a comprehensive 
RAO) associated with each RAO. These RAOs and protection goals were developed based on protecting 
human health under a range' of land use scenarios and on protecting the envirornnent. Because the final 
groundwater decision is being deferred, groundwater use restrictions in contaminated areas would be 
necessaty regardless of land use. Following are potential land uses for the major pOltions of CentrallEast 
Bethel Valley: 

• Unrestricted-no restrictions on surface or subsurface land use. 

• Unrestricted industrial-unlimited industrial use to a depth of 3 m (lOft). 

• Controlled industrial-unlimited industrial surface use, with restrictions on excavations deeper than 
0.6 m (2 ft). 

Since ORNL is an active industrial facility and is expected to remain a govelmnent-owned and operated 
research facility for the foreseeable future, the unrestricted (i.e., residential) land use scenario was eliminated 
as a likely future use for the developed areas of CentralJEast Bethel Valley area (Sect. 2.6.3). Cleanup 
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Table 2.22. RAOs and protection goals for Central/East Bethel Valley, ORNL, Oak Ridge, Tennessee 

Issue 
RAO 

1 
Future land use ./ 

Protection of surface water bodies ./ 
./ 
./ 

Groundwater protection ./ 
./ 

Protection of ecological receptors ./ 

A WQC = ambient water quality criteria 
ORNL ~ Oak Ridge National Laboratory 
RAO = remedial action objective 

2 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

Protection goals 

Protect human health for (I) unrestricted industrial use in developed areas 
of CentralJEast Bethel Valley and (2) unrestricted use in undeveloped 
areas; all to a risk level of I x 10" 
Protect hwnan health for (I) controlled industrial use in the main plant 
area. (2) unrestricted industrial use in the remainder of the developed 
areas, and (3) lIllrestricted use in the Iwdeveloped areas, all to a risk 
level of I x 10-' 
Achieve AWQC for designated stream uses in all waters of the state 
Achieve at least 45% risk reduction at 7500 Bridge 
Maintain surface water and achieve sediment recreational risk-based 
limits to a risk level of I x 10-' 
Minimize further impacts to groundwater 
Prevent groundwater from causing surface water exceedances in all 
waters of the state 
Protect reach-level populations of !l<luatic organisms 

( 

options for developed areas, therefore, are focused on industrial land use scenarios. Achieving unrestricted 
industrial use requires removal of all contaminated media in the top 3 m (lOft) of soil that is above 
remediation levels. Because of the presence of extensive subsurface contamination and the high cost of 
removal and disposal of this material, controlled industrial use is also considered for the main plant area. ( 
Controlled industrial use depends more on isolation of subsurface contamination than on removal. The 
more extensive RAO (RAO I) achieves unrestricted industrial use; the less extensive RAO (RAO 2) achieves 
controlled industrial use (Fig. 2.17). Unrestricted use (i.e., the most protective use scenario) is the 
protection goal for areas outside of the industrial development within the CentrallEast Bethel Valley area. 

Both RAOs achieve A WQC for designated stream uses in waters of the state. All numeric A WQC 
and narrative criteria for the protection of human health and aquatic organisms will be met. Surface water 
and sediment recreational risk-based limits will also be maintained to a risk level of 1 x 10-'. The surface 
water recreational risk-based goal is actually a consequence of using the CERCLA risk assessment process 
to quantifY the narrative criteria that do not list contaminant-specific remediation levels. The recreational 
risk-based goal for snrface water and sediment is selected because (1) recreational use is considered 
representative of the TDEC stream-use classifications for Bethel Valley streams that include Recreation, 
Fish and Aquatic Life, Livestock Watering and Wildlifo, and Irrigation; and (2) no Bethel Valley stream 
is large enongh to serve as a major public water snpply under a residential 01' industrial scenario. 

Both RAOs also achieve at least 45% risk rednction at the 7500 Bridge. This goal is a direct result 
of a goal in the Melton Valley watershed ROD to protect an off-site residential user of surface water at 
the confluence of White Oak Creek and the Clinch River (DOE 2000c). The Melton Valley watershed ROD 
established a remediation level of 1 x 10'" ELCR (annual average) at the confluence. Because White Oak 
Creek receives water from Bethel Valley and Melton Valley watersheds, risk conllibutions fi'om both 
watersheds are taken into account. Assuming 1994 baseline conditions, and assuming the Melton Valley 
remedy achieves at least an 82% reduction of the Melton Valley contribution to the residential risk at the 
confluence, then the Bethel Valley remedy must achieve at least a 45% risk reduction in surface water 
exiting Bethel Valley in order for the Melton Valley ROD goal of protecting the off-site resident to be met. 
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Both RAOs minimize further impacts to groundwater and prevent groundwater from causing surface ( 
water exceedances in waters of the state. This goal drives remediation of contaminated soil that is a 
significant and continuing source of groundwater contamination or A WQC exceedances in nearby streams. 
Identified plumes near surface water bodies do discharge to the surface water, albeit with relatively low 
contaminant concentration levels. Since final groundwater decisions are being defelred, these groundwater 
protection goals are considered interim. 

Both RAOs protect reach-level populations of aquatic populations. Within ORt'lL, habitat for ten'estrial 
organisms is insufficient to support significant populations. However, surface water does support limited 
populations of aquatic organisms. 

2.8.1.2 RAOs for West Bethel Valley/Raccoon Creek 

Major problems identified in West Bethel Valley/Raccoon Creek are the presence of (I) radiological 
contamination in buried wastes and soil that poses an unacceptable risk to human health and the 
environment and (2) radiological contamination in groundwater. 

Table 2.23 presents the protection goals associated with each RAO. These RAOs and protection 
goals were developed based on protecting human health under a range of land use scenarios and on 
protecting the environment. Following are potential land uses for West Bethel Valley/Raccoon Creek: 

• Unrestricted-no restrictions on surface or subsurface land use. 

• Unrestricted industrial-unlimited industrial use to a depth of3 m (10 ft). 

• Restricted access waste disposal-access restrictions that limit surface use to monitoring and 
maintenance activities, with no soil disturbance. 

Because of the ongoing mission of ORNL, the unrestricted (i.e., residential) land use scenario was 
eliminated as a likely future use for the industrial portion of the West Bethel Valley area (ORNL 1000 
Area). Cleanup options, therefore, focused on industrial land use scenarios for that portion of the site. 
However, for the remainder of the West Bethel Valley/Raccoon Creek Area, unrestricted (residential) is a 
reasonable cleanup objective. Achieving imrestricted use requires removal of all contaminated soil above 
the groundwater table that is above remediation levels. Because buried waste is costly to remove and 
dispose of, restricted access waste disposal land use is also considered for SWSA 3 and the Contractor's 
Landfill. The more extensive RAO (RAO I) achieves unrestricted use at SWSA 3 and the Contractor's 
Landfill; the less extensive RAO (RAO 2) achieves restricted access waste disposal use. 

The surface water and groundwater protection goals are the same as for Central/East Bethel Valley, 
with the exception that the risk-reduction goal at the 7500 Bridge does not apply to West Bethel 
ValleylRaccoon Creek. 

Both RAOs maintain protection of area populations of terrestrial organisms and provide protection 
for reach-level populations of aquatic populations. In the undeveloped portions of the valley, 
contamination is so isolated that terrestrial populations in the area are already protected. This protection 
will be maintained. Within the ORNL 1000 Area, habitat for terrestrial organisms is insufficient to 
support significant populations. However, surface water does support limited populations of aquatic 
organisms. The population, as defined by individuals within a reach of surface water, will be protected. 
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Table 2.23. RAOs and protection goals for West Bethel ValIeyJRaccoon Creek, ORNL, Oak Ridge, Tennessee 

Issue 
RAO 

t 
Future land use .t 

Protection of surface water bodies .t 
.t 

Groundwater protection .t 
.t 

Protection of ecological receptors .t 

A WQC = ambient water quality criteria 
ORNL ~ Oak Ridge National Laboratory 
RAO = remedial action objective 

2.8.2 RAO for the Selected Remedy 

2 

.t 

.t 

.t 

.t 

.t 

.t 

Protection goals 

Protect human health for (1) unrestricted industrial use in the 1000 
Area. (2) unrestricted use in the lUldeveloped areas, and (3) \U1restricted 
use in the waste disposal areas, all to a risk level of 1 x 10" 
Protect human health for (1) unrestricted industrial use in the 1000 Area, 
(2) unrestricted use in the \U1developed areas. and (3) restricted access 
waste disposal in the waste disposal areas, all to a risk level of I x 10" 
Maintain A WQC for designated stream uses in all waters of tlie state 
Maintain sediment and surface water recreational risk-based limits 
to a risk level of 1 x 10" 
Mininlize further imJl3cts togroundwater 
Prevent groundwater from causing surface water exceedances in all 
waters of the state 
Maintain protection for area populations of terrestrial organisms and 
reach-level populations of aquatic organisms 

The RAO for the selected remedy is presented in Table 2.24 and is a combination ofRAO 2 for each 
subarea as presented previously, with minor modifications. Regulator conunents on the draft proposed 
plan led to a change from the FS in the land nse objectives for the waste disposal areas in West Bethel 
Valley. Instead of restricted access waste disposalland'use for SWSA 3 and the Contractor's Landfill, 
the RAO for the selected remedy allows greater access to those areas by achieving a recreational land use 
for the remaining waste disposal areas. Figure 2.18 depicts this RAO for the selected remedy. 
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Table 2.24. RAO for the selected remedy for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Issue Protection goals 
Future land use Protect human health for (I) controlled industrial use in ORNL's main plant area, 

(2) unrestricted industrial use in the remainder of the ORNL developed areas, 
(3) recreational use of SWSA 3 and the Contractor's Landfill, and (4) unrestricted 
use in the undeveloped areas, all to a risk level of I x 10-' 

Protection of surface water bodies Achieve AWQC for designated stream uses in all waters of the state 
Achieve at least 45% risk reduction at 7500 Bridge 
Maintain surface water and achieve sedinlent recreational risk-based limits to a 
goal of I x 10-' 

Groundwater protection Minimize further impacts to groundwater 
Prevent groundwater from causing surface water exceedances in all waters of 
the state 

Protec!ion of ecological receptors Maintain protection for area populations of terrestrial organisms; protect 
reach-level popUlations of aquatic organisms 

A \VQC = ambient water quality criteria 
ORNL ~ Oak Ridge National Laboratory 

RAO = remedial action objective 
S\VSA = solid waste storage area 
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( 2.9 SUMMARY OF REMEDIAL ALTERNATIVES 

Having defined a range of cleanup goals, specific remediation altematives and general responses were 
developed to achieve these goals (Table 2.25). As with the RAOs, a set of altematives was developed for each 
oftwp subareas in Bethel Valley. Four remedial altematives were developed for CentralJEast Bethel Valley, 
including the no action altemative. Five remedial altematives were developed for West Bethel ValleyfRaccoon 
Creek, including the no action altemative. The no action altematives serve as baselines for comparison of 
the action aItematives as required by CERCLA and NEPA. Within Altematives C-2 and C-3, subaltematives 
were developed based on differing remediation strategies for gt'Oundwater. For Altematives C-2a and C-3a, 
the preferred remediation strategy for the East Bethel Valley Plume was removal; for Altematives C-2b and 
C-3b, the preferred remediation strategy was in situ treatment. Within Altemative W-4 subaltematives 
were developed based on differing strategies for remediation of SWSA 3. Altemative W-4a includes both 
capping and in situ grouting of waste; Altemative W-4b does not include the in situ grouting. 

Table 2.25. Remediation alternatives and key general responses, 
Bethel Valley, ORNL, Oak Ridge, Tennessee 

Remedial Action Primary general responses 
Objective Alternative Sources I Groundwater 

CelltrllVEast Belhel Valle)' 
- C-I No action No action 
I C-2 Removal Extensive 
2 C-3 Isolation Extensive 
2 C-4 Isolation Limited 

West Betlrel Valle '!Raccooll Creek 
- W-I No action No action 
I W-2 Removal Extensive 
I W-3 Removal Limited 
2 W-4 Isolation Extensive 
2 W-5 Isolation Limited 

ORNL = Oak Ridge National Laboratory 

2.9.1 Remedial Alternatives fo), CentrallEast Bethel Valley 

Four remedial altematives were developed in the FS for CentrallEast Bethel Valley, including the no 
action altemative (DOE 1999a). The three action altematives rely on removal or isolation of the mUltiple 
contaminated media types in CentrallEast Bethel Valley that contribnte to unacceptable risk. These altematives 
are presented in Table 2.25 and are summarized here. Remedial actions proposed for each altemative were 
designed to achieve cOl1'esponding RAOs. These actions address buildings/facilities, buried waste, tank 
sludge and shells, cQntaminated soil, pipelines, contaminated seditnent, groundwater extraction and treatment, 
and waste disposal. To provide a complete basis of comparison among remediation strategies, Table 2.26 
(and, similarly, Table 2.27 for West Bethel Valley/Raccoon Creek altematives) also includes the selected 
remedy. The most extensive altemative (C-2) achieves unrestricted industrial use (RAO I) primarily by 
relying on source removal coupled with celiain LUCs to meet risk-based goals and ARARs (Appendix B) 
for protection of human health and the envirorunent. The less extensive aItematives (C-3 and C-4) achieve 
contt'Olled industrial use (RAO 2) of the site primarily by source isolation with more reliance on LUCs. 
The groundwater actions of Altematives C-2 and C-3 are more extensive than those of Altemative C-4; 
Altematives C-2 and C-3 include additional gt'Oundwater extraction and/or in sitn treatment actions. 
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Table 2.26. Principal actions for Central/East Bethel Valley alternatives, ORNL, Oak Ridge, Tennessee 

Alternatives and remedial actions 
Alternative component or feature C-2 C-3 C-4 Selected Remedy 

Buildings! Multiple stntctures Remove all contaminated surface Remove all surface and Remove all surface and Remove inactive 
facilities and subsurface structures to protect subsurface structures to a depth subsurface structures to a depth buildings/facilities to grade 

the lUll"estricted industrial worker 0[0.6 m (2 ft) to protect the of 0.6 m (2 ft) to protect the level. Decontaminate and 
controlled illdustrial worker: controlled industrial worker: stabilize or remove structures at 
decontaminate substructures to remove loose contamination and or below grade. depending on 
minimize impacts to backfill with f10wable fill to cost effectiveness and extent of 
groundwater: backfill with soil minimize impacts to soil contamination. Dispose of 

groundwater: cover with soil debris at EMWMF. 
Graphite Reactor Grout Graphite Reactor core to protect the industrial worker 
building 

Buried waste SWSA I Remove buried waste and soil to Install a cap to protect the worker and to minimize impacts to groundwater 
protect the unrestricted indUstrial 
worker and to minimize impacts to 
groundwater [est. 12200 m3 

(16.000 yd')j 
FWPA Remove buried waste and soil to maintain soil cover to protect the worker 

protect the unrestricted industrial 
worker [est. 1500 m' (200~yd')1 

NRWTP Debris Remove buried waste and soil to maintain soil cover to protect the worker 
Pile protect the unrestricted industrial 

worker [est. 3000 m' (4000 yd')l 
Tank sludge and Tank contents Remove sludge and liquid from all tanks to protect surface water and minimize impacts to groundwater 
linings 

Gunite/concrete Near-term: remove contaminated Fill Gtmite Tank shells with grout to minimize impacts to grolUldwater 
tank linings from 12 Gunite Tanks 
and grout to minimize impacts to 
groundwater: grout 3003-A 
Future: remove 3003-A \Vith deep 
soil to protect the unrestricted 
industrial worker 

Steel Near-term: remove vaulted tank Remove vaulted tank shells and grout or remove below-ground tank FFA inactive tanks (except 
shells and grout below-ground tank shens. according to decision diagram. to protect surface water and GAAT OU and S-424) 
shells to protect surface water and minimize impacts to grolUldwater (estimated removal of 7 vaulted undergoing sludge removal and 
minimize impacts to groundwater tanks and grouting of 20 below-ground tank shells) stabilization as part of early 
Future: remove grouted tank shells action. No further action 
vvith deep soil to protect the required Wlder this decision. 
tmrestricted industrial worker Grout S-424. Land use controls 

~ .. ~ 
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Table 2.26. Principal actions for Central/East Bethel Valley alternatives, ORNL, Oak Ridge, Tennessee (continued) 

Alternatives and remedial actions 
Alternative component or feature C-2 C-3 C-4 Selected Remedy 

Process and Main Plant Area Near-term: grout pipeline and Grout pipelines and associated Land use controls to protect the Grout LLL W pipelines [est. 
LLL W pipelines associated bedding material to bedding material to protect controlled industrial worker. If 15.000 lin m 50.000 lin fill. 

protect smface water and minimize surface water and minimize needed. grout pipelines and Install barriers in bedding 
impacts to groundwater [est. impacts to groundwater [est. associated bedding materials to material to prevent groundwater 
16.000 lin m (52.000 lin fi)] 16.000 lin m (52.000 lin fi)]: land protect suiface water (none from contaminating surface 
Future: remove pipelines and use controls to protect the assumed) water 
bedding material wifu deep soil to controlled industrial worker 
protect fue unrestricted industrial 
worker 

Outside Main Plant Remove pipelines and contaminated bedding material to protect the unrestricted industrial worker 
Area Irest. 1000 lin ro (4000 lin fi)l 

Surface soil Main Plant Area Near~term: remove surface soil to Remove surface soil to protect the controlled industrial worker [est. Remove surface soil to protect 
[< 0.6 m (2 fi)l protect the industrial maintenance 

worker [est. 9000 m' (12.000 yd3)l 
85.900 m' (112.300 yd3

)] fue controlled industrial worker 
[est. 9000 m' (12.000 yd')l 

Future: rep10ve with deep soil to 
protect the unrestricted industrial 
worker 

Outside Main Plant Remove soil to protect the unrestricted industrial worker [est. 500 ro' (700 yd') 1 
Area 

Deep soil Main Plant Area Nearwterm: remove deep soil to Remove deep soil to minimize Land use controls to protect the Remove deep soil to minimize 
[0.6-3 m minimize impacts to groundwater impacts to groundwater: land use controlled industrial worker impacts to groundwater: land 
(2-10 fi)l Future: remove soil to depth of controls to protect the controlled use controls to protect the 

3 m (10 fi) to protect the industrial worker controlled industrial worker 
llllIestricted industrial worker [est. 
656.000 m' (858.000 yd')l 

Outside Main Plant Remove soil that exceeds remediation levels. if any. to protect unrestricted industrial worker 
Area 

Sediment and WOe. First Creek. Remove sediment to achieve Remove sediment to achieve recreational risk~based limits and to control'UCs flu..'X at the 7500 
floodplain soils Fifth Creek recreational risk-based limits and Bridge. r~ove floodplain soils to protect the controlled ind~rial worker [est. 13.500 m3 

remove floodplain soils to protect (17.600 yd')] and. as appropriate. remove sediment to protect ecological receptors 
the unrestricted industrial worker 
[est. 48.800 rn' (63.800 yd')] and. 
as appropriate. remove sediment to 
Iprotect ecologicaJ receptors 
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Table 2.26. Principal actions for Central/East Bethel Valley alternatives, ORNL, Oak Ridge, Tennessee (continued) 

Alternatives and remedial actions 
Alternative component or feature C-2 I C-3 1 C-4 1 Seleded Remedy 

Groundwater Core Hole 8 Plume Install linings in leak)' stonnwater jooction boxes to protect surface water by limiting the migration of contaminated groundwater from the 
Core Hole 8 Plume into the storm drain system 
Extract grolmdwater from four wells and from sumps at seven Extract groundwater from sumps Extract groundwater from four 
stormwater junction boxes near the Core Hole 8 Plume to protect at seven stormwater junction wens and from sumps at seven 
surface water and minimize impacts to groundwater [est. combined rate boxes near the Core Hole 8 Plume stormwater junction boxes near 
of 416 Llmin (110 gal/min)); treat to remove 'oSr and U to protect surface water and the Core Hole 8 Plume to 

minimize impacts to groundwater minimize impacts to groundwater 
[est. combined rate of265 Llmin and surface water [est. combined 
(70 ga1/rnin)]~ treat to remove <l°Sr rate of 416 Llmin (110 gal/min)] 
andU 

<l°Sr_contaminated Pump from 27 existing sumps to protect surface water and minimize impacts to groundwater [est. combined rate of307 Llmin 
sumps (81 gal/min)]; continue to treat to remove "Sr 
Hgwcontaminated Plm1p from four existing sumps [est. combined rate of 34 Llmin (9 gal/min)]; add treatment to remove mercury to protect surface water 
sumps 
VOCPlume Alternatives C-Za and C-3a: pump from two wells at a combined rate of Monitoring Enhanced in situ bioremediation 

76 Llmin (20 gal/min) to minimize impacts to groundwater: treat to to minimize impacts to 
remove VOCs groundwater 
Alternatives C-2b and C-3b: enhanced in situ bioremediation to 
minimize impacts to groundwater 

Well P&A Grout poor-quality or obsolete monitoring wells and piezometers and abandon in place (est. 229 wells): in areas designated for unrestricted 
industrial or unrestricted use. remove contaminated well casings to depth of 3m (10 ft): in controlled industrial areas. remove contaminated 
well casing to a depth of 0.6 m (2 tt) 

Contingency at Groundwater collection trenches to protect surface water 
Core Hole 8 Plume 
Contingency at Groundwater collection trenches to protect surface water 
South Area Plwne 

Land use Main Plant Area Interim: Fenc~s: worker training: Fences: worker training: physical surveillance: permit program to Property Record Restrictions. 
controls physical surveillance: pennit program restrict excavation and well instalIation: notice on original Property Record Notices. Zoning 

to restrict excavation and well acquisition records Notices. Permits Program. 
installation: notice on court order Access Controls (e.g .• fences. 
Final: Permit program to restrict gates. portals). Signs. 
excavation and well installation. Surveillance Patrols 
notice on original acquisition records 

Remainder CIEBV Pennit program to restrict excavation and well installation. notice on original acquisition records 
Estimated waste ORREMWMF \06.200 mO (138.900 ydO) 141.200 mO (184.700 ydO) 1139.400 mO (182.300 ydO) 163.000 mO (82.000 ydO) 
disposal Future on-site waste 656.000 m' (858.000 yd') NA 
requirements disposal facility 

Constmction debris 1.800 mO (2.400 ydO) 1.~00 mO (2.000 yd') 11.500 mO (2.000 yd') 1'.500 mO (2,000 ydO) 
landfill 
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Table 2.26. Principal actions for Central/East Bethel Valley alternatives, ORNL, Oak Ridge, Tennessee (continued) 

Alternatives and remedial actions 
Alternative component or feature C-2 C-3 

Off-site LL W 150 m" (200 yd") 150 m' (190 yd') 
Irepositorv 

Estimated waste Off-site RCRA TSD 64.000 L (17.000 gal) 64.000 L (17.000 gal) 
disposal facility 
requirements TSCA Incinerator 30.700 L (8.100 gal) 30.700 L (8.100 gal) 
( continued) On~site storage of 150 m" (200 yd') NA 

Gunite (TRU) 
On-site storage of 1.5 m' (2 yd") 1.5 m' (2 yd') 
tank sludge 
(TRUIPCB) 
LLLW system 250.000 L (66.000 gal) 230.000 L (61.000 gal) 
Recycle/storage 170 m' (220 yd') 170 tn' (220 yd') 

PWTC 5.700.000 L (1.500.000 gal) 3.800.000 L (1.000.000 gal) 
738 Llmin (195 gal/min) 738 Llmin (195 gal/min) 
[432 Llmin (114 gal/min) with [432 Llmin (114 gal/min) with 
Ipretreatmentl !pretreatment 1 

VOC removal and 76 Llmin (20 gal/min) (C-2a only) 76 Llmin (20 gal/min) (C-3a 
local outfall only) 
Hg removal and 19 Llmin (5 gal/min) 19 Llmin (5 gal/min) 
local outfall 

< = less than 
CIEBV = CentrallEast Bethel Valley 

LLW = low-level (radioactive) waste 
NA::::: not applicable 

C-4 Selected Remedy 
150 m' (190 yd') 150 m' (190 y<!') 

64.000 L (17.000 gal) 64.000 L (17.000 gal) 

30.700 L (8.100 gal) 30.700 L (8.100 gal) 
NA NA 

1.5 m' (2 yd') Addressed by early actions 

230.000 L (61.000 gal) Addressed by early actions 
170 m (220 yd') 170 m' (220 yd') 
3.800.000 L (1.000.000 gal) 3.800.000 L (1.000.000 gal) 
587 Llmin (155 gal/min) 738 Llmin (195 gal/min) 
[280 Llmin (74 gal/min) with 
pretreatment] 
NA NA 

19 Llmin (5 gal/min) 19 Llmin (5 gal/min) 

PWTC "" Process Waste Treatment Complex 

El\IfWMF = Environmental Management Waste 
Management Facility 

NRWTP "" Nonradiological Wastewater Treatment Plant 
ORNL '= Oak Ridge National Laboratory 

RCRA = Resource Conservation and Recovery Act of 1976 
SWSA = solid waste storage area 
TRU = transuranic 

FFA = Federal Facility Agreement 
FWPA "" Fonner Waste Pile Area 
GAA T = Gunite and Associated Tanks 
LLLW = low-level (radioactive) liquid waste 

ORR '= Oak Ridge Reservation 
au ;; operable lUlit 
P&A "" plugging and abandonment 
PCB"" polychlorinated biphenyl 

TSCA"" Toxic Substances Control Act of 1976 
TSD = treatment. storage, and disposal 
VOC = volatile organic compolUld 
woe = 'White Oak Creek 
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Table 2.27. Principal actions for West Bethel Valley/Raccoon Creek alternatives, ORNL, Oak Ridge, Tennessee 

Alternatives and remedial actions 
Alternative component or feature W-2 I W-3 W-4 I W-S Selected Remedy 

Buried waste SWSA3 Remove bwied waste and soil to protect the Grout waste (Alternative 4a only) to tninirnize Install multilayer cap to protect the 
lUlfestricted user and to minimize impacts to impacts to groundwater; install multilayer cap to maintenance worker and recreational 
groundwater [est. 96.700 m3 (126.500 yd3

)] protect the maintenance worker and to minimize user and to minimize impacts to 
impacts to groundwater; install upgradient groundwater. install upgradient 
diversion trench to minimize impacts to diversion trench to minimize impacts 
gr'Olmdvvater. Fence site to g;roundwater. 

Contractor's Landfill Remove buried wast~ to protect th~ 1.Ulfestricted Maintain soil cover to protect the maintenance Maintain soil cover to protect the 
user [est. 105.800 m' (138.400 yd')] worker maintenance worker and recreational 

user 
Soil lOOOArea Remove soil tlm exceeds remediation level" if any. to protect the unreslricted indnstrial worker 

Remainder WBV Remove soil to protect the unrestricted user Remove soil to protect the unresIricted user [est. 17.500 Ill' (22.900 yd')] 
est. 15.900m3 (20.800 yd3)l 

Groundwater SWSA3Plume Extract groundwater Natural attenuation and Extract groundwater Natural attennation Monitoring and land nse controls 
from 3 wells to minimize monitoring from 3 wells to minimize and monitoring 
impacts to groundwater impacts to groundWater 
[est. combined rate of [est. combined rate of 
114 Llmin (30 ~min)]; 
treat to remove Sr 

114 Llmin (30 ~min)]; 
treat to remove Sr 

Contingency at Northwest NA interceptor trench to protect Northwest Tributary 
Tributary 
Contingency at Raccoon Interceptor trench to protect Raccoon Creek 
Creek 

Land use controls Undeveloped areas Pennit program to restrict deep excavation and groundwater well installation; notice on original acauisition records 
Developed areas Permit program to restrict deep excavation and groundwater well installation; notice on original acquisition records 
Buried waste disposal areas Pemnt program to restrict deep excavation and Fence; worker training: physical swveillance; Property Record Reslrictions. Property 

groundwater well installation; notice on original permit programs to reslrict excavation and Record Notices. Zoning Notices. 
acquisition records groundwater well installation; notice on original Permits Program. Accesi!controls 

acquisition records (e.g.. fences. gates. portals). Signs. 
Survei\lance Patrols 

Estimated waste ORREMWMF 67.000 m' (88.000 yd' 67.000 m' (88.000 yd') 4.2 m' (5.5 yd') NA NA 
disposal Consbuction debris landfill 92.000 m' (120.000 yd') 92.000 m' (120.000 yd') NA NA NA 
requirements Off-site mixed waste 2.400 m (3.200 yd') 2AOO m' (3.200 yd') NA NA NA 

repository 
PWTC 12.900.000 L 12.900.000 L 6.800.000 L 170.000 L 170.000 L (45.000 gal) 

(3.400.000 gal) (3 AOO. 000 gal) (1.800.000 gaIl (Alt. 4a) (45.000 gal) 
170.000 L (45.000 gal) 
Alt.4b) . 

30 gal/min NA 114 Llmin (30 gal/min) NA NA 

EMW1v1F "'" Environmental Management Waste Management Facility 
NA "" not applicable 

PWTC = Process Waste Treatment Complex 
SWSA = solid waste storage area 

ORNL "" Oak Ridge National Laboratory 
ORR "'" Oak Ridge Reservation 

WBV "" West Bethel Valley 

~ 
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Alternative C-I-No Action. As required by the NCP, the no action alternative provides' a 

comparative baseline against which other alternatives can be evaluated. Under this alternative, all source 
units, surface water, and groundwater would be left as is without implementing any isolation, removal, 
treatment, 01' other mitigating actions. Existing media monitoring, LUCs, groundwater collection programs, 
and maintenance programs would be discontinued. No other actions would be implemented to reduce 
existing or potential future unacceptable exposure to human and ecological receptors. 

Alternative C-2 (a and b)--Complete Soil Removal with Extensive Groundwater Action. 
Alternative C-2 is designed to achieve RAO I by extensive source removal (Fig. 2.19). This alternative 
would be implemented in two phases: (1) near-term actions would protect human health of on-site 
workers until the ORNL operations are terminated at the site, and (2) a future large-scale removal activity 
would achieve unrestricted industrial use at the site once ORNL site operations are terminated. Under 
this alternative, all but one of the 54 remaining buildings/facilities designated for D&D would be completely 
removed fi'om the site. The Graphite Reactor, which is a National Historic Landmark, would be stabilized 
by grouting the reactor core and would remain on the site. All buried waste would be removed fi'om 
SWSA 1, the NRWTP Debris Pile, and the FWPA. The interior layer of the Gunite Tank shells would be 
removed, and then the·shells would be grouted in place; grouted steel tank shells would be removed later 
as part of the large-scale soil removal activity. Inactive LLLW and process waste pipelines and bedding 
materials would also be grouted (as a near-term action) and later removed as part of the large-scale soil 
removal activity. In the near-teml, contaminated surface soil hot spots would be removed and current 
LUCs would be continued to protect on-site workers; in the future, contaminated soil would be removed 
to a depth of 3 m (10 ft) to protect the unrestricted industrial worker. Contaminated sediment would be 
removed in the near tenn from White Oak Creek, First Creek, and Fifth Creek to protect the recreational 
user and aquatic organisms. Groundwater would be extracted froin the Core Hole 8 Plume using sumps 
and extraction wells in the near tenn. Contaminated groundwater would also be extracted from existing 
building and tank sumps. At the East Bethel Valley VOC Plume, groundwater would either be extracted 
(Alternative C-2a) or treated in situ (Alternative C-2b). Groundwater use restrictions would be required. 

Alternative C-3 (a and b)--Limited Soil Removal with Extensive Groundwater Action. 
Alternative C-3 is designed to achieve RAO 2 by a combination of source removal and isolation 
(Fig. 2.20). Under this alternative, all but oue o'f the 54 remaining buildings/facilities designated for 
D&D would be completely removed from the site. Below-ground basements would be removed to a 
depth of 0.6 m (2 ft) below ground surface, and the remainder of the subsurface shucture would be 
decontaminated to protect the groundwater. As with Alternative C-2, the Gl'aphite Reactor would be 
stabilized and would remain'on the site. A multilayer cap would be installed on SWSA 1, a.nd soil covers 
would be provided at the NR WTP Debris Pile aud the FWP A. Gunite and steel tank shells would be 
grouted in place. lnactive LLL Wand process waste pipelines and bedding materials would also be 
grouted in place. Contaminated surface soil would be removed to protect the controlled industrial worker. 
Contaminated sediment would be removed from White Oak Creek, First Creek, and Fifth Creek to 
protect the recreational user and aquatic organisms. Groundwater actions for Alternatives C-3a and C-3b 
would be the same as for Altematives C-2a and C-2b, respectively. LUCs, including excavation 
restrictions and groundwater use restrictions, would restrict access to contamination left in place. 

Alternative C-4-Limited Soil Removal and Limited Groundwater Action. Alternative C-4 is 
designed to achieve RAO 2 by a combination of source removal and isolation (Fig. 2.21). Alternative C-4 
differs fi'om Altemative C-3 only in the extent to which the groundwater endpoints are pursued. lnactive 
LLL Wand process waste pipelines and bedding materials would not be grouted in place unless they 
provide a contamination migration pathway that causes a surface water exceedance. Groundwater extraction 
from sumps would be the same as for Alternative C-3. However, the deep extraction wells would not be 
installed at the Core Hole 8 Plnme, and the East Bethel Valley VOC Plume would be monitored. 
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2.9.2 Remedial Alternatives for West Bethel Valley/Raccoon Creek 

Five remedial altematives were developed in the FS for West Bethel ValleylRaccoon Creek, including the 
no action altemative (DOE 1999a). The four action altematives rely on removal or isolation of buried waste 
and contaminated surface soil in West Bethel ValleylRaccoon Creek that contribute to unacceptable risk. These 
altematives are presented in Table 2.27 and are summarized here. P31tial excavation of the burial grounds to 
remove those portions posing the greatest risk was not included in any altemative because disposal records 
have limited data on waste placement. The actions considered for each mediwn or major component requiring 
remedial attention under each altemative are presented in the table. The more extensive altematives (W-2 and 
W-3) achieve unrestricted use for the waste disposal areas (RAO 1) primarily by relying on source removal, 
coupled with certain groundwater use controls, to meet risk-based goals and ARARs (Appendix B) for 
protection of human health and the enviromnent. The less extensive alternatives (W-4 and W-5) achieve 
restricted access waste disposal use of the waste disposal areas (RAO 2) primarily by source isolation, with 
more reliance on LUCs. The groundwater actions of Altematives W-2 and W-4 are more extensive than 
those of Altematives W-3 and W-5; Alternatives W-2 and W-4 include groundwater extraction and treatment. 

Alternative W-I-No Action. As required by the NCP, the· no action altemative provides a 
comparative baseline against which other altematives can be evaluated. Under this altemative, all source 
units, surface water, and groundwater would be left as is without implementing any isolation, removal, 
treatment, or other mitigating actions. Existing LUCs and maintenance programs would be discontinued. 
No other actions would be implemented to reduce existing or potential future unacceptable exposure to 
human and ecological receptors. 

Alternative W-2-Buried Waste Removal with Groundwater Extraction. Altemative W-2 is 
designed to achieve RAO 1 by extensive source removal (Fig. 2.22). Under this altemative, all buried 
waste would be removed fi'om SWSA 3 and the Contractor's Landfill. Contaminated soil would also be 
removed to protect the unrestricted user. Extraction wells would be installed at the West Bethel Valley 
Plume. Groundwater use restrictions would be required. 

Alternative W-3-Buried Waste Removal with Groundwater Monitoring. Altemative W-2 is 
designed to achieve RAO 1 by extensive source removal (Fig. 2.23). Under this alternative, all buried 
waste would be removed fi'om SWSA 3 and the Contractor's Landfill. Contaminated soil would also be 
removed to protect the unrestricted user. This altemative differs from Alternative W -2 in that contaminated 
groundwater would be monitored. As with Alternative W -2, groundwater use restrictions would be required. 

Alternative W-4 (a and b}--Burled Waste Isolation with Groundwater Extraction. Altemative W-4 
is designed to achieve RAO 2 by a combination of sourc~ removal and isolation (Fig. 2.24). Under this 
altemative, a multilayer cap would be installed on SWSA 3 and a soil cover would be provided for the 
Contractor's Landfill. Contaminated soil would also be removed to protect the unrestricted user and could be 
used as contouring fill for the SWSA 3 cap. TDEC and EPA would review and ap,Prove plans to use excavated 
soil as contour fill. An upgradient diversion trench will be installed at SWSA 3 to intercept and divelt 
laterally flowing groundwater and route it around the buried waste. Extraction wells would be installed at 
the West Bethel Valley Plume. Groundwater use restrictions would be required. Altemative W-4a was 
developed to consider additional protection to groundwater by grouting the SWSA 3 waste in place; 
Altemative W -4b does not include in situ grouting. 
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( Alternative W-5--Buried Waste Isolation with Groundwater Monitoring. Alternative W-5 is 
designed to achieve RAO 2 by a combination of source removal and isolation (Fig. 2.25). Under this 
alternative, a multilayer cap would be installed on SWSA 3 and a soil cover would be provided for the 
Contractor's Landfill. Contaminated soil would also be removed to protect the unrestricted user and 
could be used as contouring fill for the SWSA 3 cap. TDEC and EPA would review and approve plans to 
use excavated soil as contour fill. An upgradient diversion trench will be installed at SWSA 3 to intercept 
and divelt laterally flowing groundwater and route it around the buried waste. This alternative differs 
from Alternative W-4 in that the West Bethel Valley Plume would be monitored. As with Altemative W-4, 
groundwater use restrictions would be required. 
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( 2.10 SUMMARY OF COMPARATIVE ANALYSIS OF ALTERNATIVE.S 

All remediation altematives must be evaluated agaiust the niue CERCLA criteria (see below). The 
first criterion (overall protection of human health and the environment) must be met by any altemative 
considered for selection iu the ROD. The second criterion (compliance with ARARs) must also be met 
by any alternative considered for selection unless an ARAR is waived under CERCLA Sect. 121(d)(4). 
The next five criteria (long-term effectiveness and permanence; reduction of toxicity, mobility, or volume 
through treatment; short-tenn effectiveness; implementability; and cost) are the primary balancing criteria 
that form the basis of the detailed analysis. The evaluation agaiust the first seven criteria resulted iu 
identification of the preferred altematives for CentrallEast Bethel Valley and West Bethel ValleylRaccoon 
Creek. The [mal two criteria (state acceptance and community acceptance) are the modifYiug criteria used iu 
the final balanciug of trade-offs between altematives upon which the final remedy selection is based. 

EVALUATION CRITERIA 

1. Owrall protection of human health and the environment addresses whether an 
altemative eliminates, reduces. or controls threats to public health and the environment. 

2. Compliance with ARARs addresses whether an altemative meets federal and state 
enviroumentallaws and regulations. 

3. Long-term effectiveness and permanence considers the ability of an altemative to 
protect public health and the environment long after remedial action is complete. 

4. Reduction ojtoxicity, mobility. or vollime through treatment evaluates an alternative's 
use of treatment to reduce the hanufuillature of contaminants; the contaminants' ability 
to move in the environment: and the amOlmt, or volume, of contamination present. 

5. Shorl~tenl1 effectiwmess considers the time needed for an altemative to achieve remedial 
response objectives and the risks posed to workers. residents. and the environment 
during the remedial action. 

6. Implementability addresses the feasibility of an alternative from a technical and an 
administrative standpoint. 

7. Cost considers the amount of money it will take to design. construct. operate. and 
maintain the alternative. 

8. State acceptance addresses IDEe comments concerning the altematives considered. 

9. Community acceptance addresses public comments on the alternatives being considered. 
Public comments are addressed in the Responsiveness Summar), section of the ROD. 

2.10.1 Evaluation of Alternatives for Central/East Bethel Valley 

The comparative analysis of altematives for CentrallEast Bethel Valley is presented in Table 2.28 
and is summarized here. Consistent with DOE policy, NEPA values are incorporated iuto this evaluation. 
A similar comparative analysis, but for each site component (e.g., buildiugs, buried waste, tanks) is provided 
iu Appendix D. 
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Table 2.28. Comparative evaluatiou ofCentralfEast Bethel Valley alternatives, ORNL, Oak Ridge, Tennessee 

Criteria Alternative Cwl Alternative C~2a I Alternative C~2b Alternative C-3a I Alternative C-3b 
Overall protection of human Not protective ~rotects industrial worker, off-site Protects controlled industrial worker. off-
health and the environment resident. recreational user of surface water site resident. recreational user of surface 

bodies. and aquatic species water bodies. and aquatic species. Higher 
reliance on land use controls 

Compliance with ARARs NA Meets all ARARs for actions in scope Meets all ARARs for actions in scope 

Long-ternl effectiveness Unacceptable risk Effective and pennanent. More Effective as long as land use controls 
and petmanence remains grolmdwater contaminant removal in remain in effect and maintenance activities 

future than C-4 perfOimed as planned. More groundwater 
contaminant removal in future than C-4 

Effectiveness of Effectiveness of 
bioremediation of bioremediation of 
VOC Plume is VOC Plume is 
uncertain uncertain 

Reduction of toxicity. No treatment Water treatment [760-830 Llmin (200 Water treatment [760·830 Llmin (200-
mobility. or volwne through 220 gal/minl] provides volume reduction. 220 galJminl] provides volume reduction. 
treatment Grouting of tank sbells. pipelines. and Grouting of tank shells. pipelines. and 

bedding materials reduces contaminant bedding materials reduces contaminant 
mobility mobility 

Bioremediation Bioremediation 
breaks down VOCs breaks down VOCs 

I pemlanently I permanently 
Short-term effectiveness No short-tenn Most controls required to prevent potential Some controls required to prevent short-

i?lpacts for worker and cotnl11U1lity exposure tenn worker and community exposure 

I1l1plementability No issues Most difficult to implement. Largest hnplementable 
difference is availability of a future on-site 
disposal cell and tec1mical challenge of 
future large-scale soil removal activity 

Base action cost Capital NA $85.000.000 $82.000.000 
(unescalated) D&D ------ ------------ ------------- -------------- "$i is.ooo:oOO -----"$i is.ooo:OOO -----Capital NA $502.000.000 $502.000.000 

RA ------ ------------ ------------- -------------- -------------- --------------
Annual NA $13.000.000 $13.000.000 $13.000.000 $13.000.000 
O&M 

ARAR "" applicable or relevant and appropriate requirement 
D&D = decontamination and decommissioning 

ORNL "" Oak Ridge National Laboratory 
RA. = remedial action 

NA = not applicable VOC "'" volatile organic compound 
O&M "" operation and maintenance 

/~ 

Alternative C-4 
Protects controlled industrial worker. 
off-site resident. recreational user of 
surface water bodies. and aquatic 
species. Higher reliance on land use 
controls 
Meets all ARARs for actions in 
scope 
Effective as long as land use controls 
remain in effect and maintenance 
activities performed as planned 

Less water treatment [610 Llmin 
(160 gal/min)]. Grouting of tank 
shells reduces contaminant mobility. 
No grouting of pipelines 

Some controls required to prevent 
short-tenn worker and comm1.Ulity 
exposure 
Implementable 

$81.00.000 

------------------------
$97.000.000 

------------------------
$9.000.000 

. 

~ 



( Overall Protection of Human Health and the Environment. All action alternatives [Alternatives C-2 
(a and b), C-3 (a and b), and C-4] pl'Otect the health of the industrial worker. (As explained in Sect. 2.9, 
the sub-alternatives for C-2 and C-3 differ in appl'Oach to treatment of groundwater in East Bethel Valley.) 
Alternative C-2 (a and b) protects primarily by removal of contaminated media; Alternatives C-3 (a and b) 
and C-4 protect primarily by removal and isolation of contaminated media, coupled with LUCs that 
restrict access. All action alternatives reduce the risk of contaminated surface water exiting Bethel Valley 
by at least 45%, achieve A WQC in all waters of the state, and achieve recreational risk-based goals for 
surface water and sediment. All action alternatives minimize further impacts to groundwater and prevent 
groundwater from causing surface water exceedances. All action alternatives protect aquatic populations. 

The no action alternative (Alternative C-I) does not meet this threshold criterion and will not be 
discussed further in the balancing criteria. 

Compliance with ARARs. All action alternatives would meet all chemical-specific ARARs for 
media within the scope of this decision. In particular, all would meet numeric A WQC and narrative criteria 
in all surface waters of the state and meet recreational risk-based limits in surface water and sediment. 
All action alternatives would also meet all location-specific and action-specific ARARs. Alternative C-I, 
the no action alternative, has no ARARs because no remedial actions would be taken; however, surface 
water cunently does not meet A WQC. SDWA MCLslMCLGs will be used in each alternative as values 
to assess groundwater quality and to evaluate effectiveness of source-control actions. Final groundwater 
decisions for Bethel VaHey are being deferred to a later decision document. At that time, the fmal cleanup 
goal will be detelmined for groundwater. 

Long-Term Effectiveness and Permanence. The long-term effectiveness of all action alternatives 
is similar, although the reliability of the alternatives differs. Because Alternative C-2 (a and b) relies on 
source removal and mininml LUCs to protect future users of the site, it is more reliable than Alternatives C-3 (a 
and b) and C-4. Alternatives C-3 (a and b) and C-4 rely on physical isolation of sources and on more 
LUCs to prevent access and therefore are considered less reliable. Alternatives C-3 (a and b) and C-4 are 
effective as long as LUCs remain in effect and maintenance activities are performed as planned. There is 
some unceltainty regarding the effectiveness of enhanced bioremediation of the East Bethel Valley VOC 
Plume in Alternatives C-2b and C-3b. This technology is unproven for fractured bedrocklkarst applications. 
The major source of uncertainty is the degree to which nutrients can infiltrate the fractured system. 
However, since this action represents an interim rather than final groundwater action, issues associated 
with the ultimate effectiveness of the approach and the final groundwater remedial actions will be 
addressed under a separate, future discussion. 

Reduction of Toxicity, Mobility, or Volume Through Treatment. All alternatives provide treatment 
for groundwater through groundwater extraction and treatment actions. Enhanced bioremediation 
(Alternatives C-2b and C-3b) provides in situ degradation ofVOCs. Although there is unceltainty about 
the use of this technology in fractured bedrock, fast degradation rates are possible if nutrients infiltrate 
successfuHy. Alternatives C-2 and C-3 provide a reduction in contaminant mobility by grouting pipelines 
and pipeline trenches. 

Short-Term Effectiveness. Short-telm impacts requit'e more engineering controls for Alternative C-2, 
pritnarily because of the future large scale soil removal activity. The future removal, transpoliation, and 
disposal of 656,000 m3 (858,000 yd3

) of soil would result in greater opportunity for constlUction-related 
accidents, transpOltation-related accidents, and short-telm environmental impacts. Because much less·soil 
is excavated in Alternatives C-3 and C-4, these alternatives have less extensive shOli-term effects. For all 
action alternatives, removal of contaminated sediment in White Oak Creek will initially destroy aquatic 
habitat; however, no endangered or threatened species are affected and full recovery is planned. 
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Implementability. All alternatives are feasible and implementable. Under all alternatives, ORNL 
site operations could experience significant disruptions during removal of surface soils across the site. 
This activity could interfere with transportation, utilities, site operations, and other remedial operations. For 
all alternatives, remedial activities will be performed using standard construction equipment and procedW'es. 
With recent approval of the EMWMF ROD (DOE 199ge), very little waste must be disposed of off-ORR. 
No other administrative issues have been identified that would potentially prohibit or delay implementation. 
A large, experienced workforce exists to perfonn the remedial activities included in all of the alternatives. 

Cost. Alternative C-2 is the most expensive, with a capital cost of approximately $586 million. 
Primary cost drivers are the future large-scale soil removal activity ($375 million), building/facility D&D 
($85 million), LLLW tank and pipeline actions ($56 million), and removal of stream sediment and 
floodplain soil ($46 million). Alternative C-2 is nearly three times more expensive than Alternative C-3 
($198 million) and Alternative C-4 ($178 million) because C-2 has a less restrictive fmalland use. Most 
of this difference is because of the greater volume of soil removed under Alternative C-2. D&D costs 
differ 'very little among alternatives. Operation and maintenance (O&M) elements of Alternatives C-2 and 
C-3 are slightly greater than those for Alternative C-4 because of the long-tenn groundwater collection 
and treatment system for the Core Hole 8 Plume. The enhanced bioremediation alternatives (Alternatives C-2b 
and C-3b) have slightly lower O&M costs than their pump-and-treat counterparts. 

The evaluation of cost estimates of all alternatives is sensitive to the actual volume of soil that 
exceeds remediation levels. For example, if the actual volumes of soils to be removed were double the 
current estimates, the total capital costs would increase by 30 to 60%. 

Conclusion. All the action alternatives protect human health and the environment. Alternatives C-3 
and Alternative C-4 are similar in that both return 147 acres to um'estricted industrial use and 153 aCres (the 
main plant area) to controlled industrial use. Alternative C-2 initially returns 147 acres to unrestricted 
industrial use and provides interim measures to protect on-site workers in the main plant area until 
laboratory operations are discontinued, at which time the remaining 153 acres can be returned to unrestri~ted 
industrial use by removing a large area of contaminated soil to a depth of 3 m (10ft). The cost difference 
of Alternative C-2 over Alternative C-3 is $389 million. Alternative C-3 differs from Alternative C-4 in 
that Alternative C-3 uses more extensive groundwater actions and grouts the pipelines to control groundwater 
flow. These actions would cost an additional $20 million in capital cost and $3.4 million/year additional 
O&M cost at least until the fmal groundwater decision. 

2.10.2 NEPA Values for Central/East Bethel Valley Alternatives 

NEPA values are incorporated into the FS (DOE 1999a), consistent with DOE policy. Issues related 
to the affected environment, including ecological resources, cultural resources, land use, socioeconomics, 
transportation impacts, and ambient noise, are covered under the "long-term effectiveness and pennanence" 
and/or "short-term effectiveness" sections of the analysis. Imp011ant issues are. detailed in the FS and are 
sUlnmarized here. 

Under Alternative C-l (the no action alternative), employment, traffic volume, noise levels, and 
ecological resources in Bethel Valley would remain the same. However, because ongoing groundwater 
collection would cease, this alternative would result in an increase in the release of contamination to 
surface water, which could impact drinking water supplies in the Clinch River downstream of ORNL. 
The large volume of borrow soil required and the volume of waste generated by Alternative C-2 would 
cause short-ternl increases in traffic, noise, and potential accidents. Effects of Alternatives C-3 and C-4 
on ecological resources, socioeconomics, transportation, land use, etc., would be minimal. 

00-026(doc)/111601 2-116 No\~mber l6. 2001 

( 



Many of the buildings subject to remedial action (including the Graphite Reactor) are located within 
the ORNL Historic District and, therefore, adverse effects will be taken into account. Removal of some 
of these contributing structures could lessen the visibility and, hence, relative historical importance 
within the district. 

Cumulative effects would depend on the timing and location of other activities at ORNL and on the 
ORR. Impacts could be substantial if remedial activities occur at all ORR facilities simultaneously. Total 
traffic, noise, fugitive dust, and sediment releases would be noticeably increased. Altematives C-3 and 
C-4 and the near-tenn actions of Altemative C-2 would all have similar contributions to the cumulative 
effects. The future large-scale soil removal activity of Altemative C-2 would not likely coincide with 
other remedial activities at the ORR. 

No environmental justice communities are inlpacted as a result of releases and cleanup activities at 
CentrallEast Bethel Valley. 

2.10.3 Evaluation of Altel'llatives for West Bethel ValIeylRaccoon Creek 

The comparative analysis of altematives for West Bethel Valley/Raccoon Creek is presented in 
Table 2.29 and is sununarized here. Consistent with DOE policy, NEPA values are incorporated into this 
evaluation. 

OveralI Protection of Human Health and the Environment. All action alternatives [Altematives W-2, 
W-3, W-4 (a and b), and W-5) protect human health. (As explained in Sect. 2.9, the sub-altematives for 
W-4 differ in that W-4a includes grouting of SWSA-3 waste in place; W-4b does not include in situ 
grouting.) Altematives W-2 and W-3 provide protection primarily by removal of contaminated media; 
Altematives W-4 (a and b) and W-5 provide protection by isolation of contaminated media, coupled with 
LUCs to restrict access. All action altematives maintain recreational risk-based goals for surface water 
and sediment. All action altematives minimize further impacts to groundwater and prevent groundwater 
from causing surface water exceedences. Altematives W-2 and W-4 (a and b) remove contaminant mass 
from the groundwater. . 

The no action altemative (Altemative W-l) does not meet this threshold criterion and will not be 
discussed fmther in the balancing criteria. 

Compliance with ARARs. All action altematives would meet all chemical-specific ARARs for media 
within the scope of this decision. All altematives would also meet all location-specific and action-specific 
ARARs. Altemative W-I, the no action altemative, has no ARARs because no remedial action would be taken. 
SDWA MCLslMCLGs will be used in each altemative as values to assess groundwater quality and to 
evaluate effectiveness of source-control actions. Final groundwater decisions for Bethel Valley are being 
defened to a later decision document. At that time, the fmal cleanup goal will be detennined for groundwater. 

Long-Term Effectiveness and Permanence. Altematives W-2 and W-3 rely on removal of 
contaminated media and minimal LUCs to protect future users of the site, whereas Alternatives W-4 
(a and b) and W-5 rely on physical isolation of contaminated media and on more extensive LUCs to 
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Table 2.29. Comparative evaluation of West Bethel Valley/Raccoon Creek alternatives, ORNL, Oak Ridge, Tennessee 

Criteria Alternative W-l Alternative W-2 
Overall protection of human Not protective Protects !Iuman health 
health and the environment through removal of waste 

Compliance with ARARs Not applicable Meets all ARARs for actions 
in scope 

Long-teon effectiveness and Unacceptable risk Effective and pennanent 
pennanence remains 

Reduction oftoxicity. mobility. No treatment Water treatment provides 
or volume through treatment volwne reduction-114 Umin 

(30 gal/min) 

ShorHenn effectiveness No short-term Greatest controls required for 
impacts short-tenn impacts to worker 

and community because of 
large volume of waste 
excavated and transported 

Implementability No issues lmplementable. although the 
removal of a burial ground 
includes large uncertainties 

Base action cost Capital NA $101.938.000 
(Wlescalated) 

---~~- ------------Annual NA $2j98~0-oii - - - - - - - - - --

O&M 

ARAR '" applicable or relevant and appropriate requirement 
NA = not applicable 
O&M '" operation :md maintenance 
ORNL = Oak Ridge National Laboratory 
SWSA'" solid ""':lste storage area 

Alternative W-3 Alternative W-4a I Alternative W-4b Alternative w-s 
Protects human health Protects human health through containment of Protects human health through 
through removal of waste and land use cpntrols containment of waste and land use 
waste controls 
Meets all ARARs for Meets all ARARs for actions in scope Meets all ARARs for actions in 
actions in scooe scope 
Effective and Effective as long as land use controls remain in Effective as long as land use controls 
permanent effect and maintenance activities performed as remain in effect and maintenance 

iplanned activities perfonned as planned 
Grouting may need 
replacement after a few 
decades 

No treatment Water treatment provides volume reduction No treatment 
114 Llmin (30 gal/min) 

In situ waste treatment 
of SWSA 3 reduces 
mobility of contaminants 

Controls required for Fewer controls because Controls for short-tenn Controls for short-teon impacts to 
shorHerm impacts to oflower volume of impacts to workers workers somewhat less than for 
workers similar to waste excavated and somewhat less than for Alternative W-4a 
Alternative W-2 transported Alternative W-4a 

bnplementable. Iniplementable bnpiementable 
although the removal 
of a burial groWld 
includes large 
WlCertainties 
$100.989.000 $39.453.000 $8.082.000 $7.133.000 

---------------------$67.000 - - - - - - - - - $2.883~Ooii - - - - - - - -$2.883~000 - - - - - - - $152.000 
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( prevent access. Alternatives W-4 (a and b) and W-5 are effective as long as LUes· remain in effect and 
maintenance activities are perfOlmed as planned. However, the reliability of Alternatives W-2 and W-3 is 
greater because the material is permanently removed. Alternative W-4a uses a cap plus grouting while 
Alternative W-4b just has a cap. Grouting may enhance reliability in the short-term interim but is not 
expected to increase the effectiveness over a cap alone. 

Alternatives W-2 and W-4 (a and b) contain groundwater extraction. While these actions would 
reduce contaminant mass in the groundwater, it is unknown what impact interim extraction may have on 
times required to reach fmal cleanup objectives, which will be defmed in a future groundwater decision. 

Reduction of Toxicity, Mobility, or Volume Through Treatment. Alternative W-4a provides a 
significant reduction in contaminant mobility by grouting buried waste in SWSA 3. Alternatives W-2 and 
W-4 (a and b) provide treatment of groundwater through a groundwater extraction and treatment action. 
Altern.atives W-3 and W-5 do not provide reduction of toxicity, mobility, or volume through treatment. 

Short-Term Effectiveness. Engineering controls to control short-telm worker risks for Alternatives 
W-2 and W-3 are greater than for the other alternatives because of the volume of material excavated and 
transported to the EMWMF. For Alternatives W-4 (a and b) and W-5, buried waste will not be exhumed, 
and only contaminated surface soil will be excavated. With appropriate controls, differences in short-tenn 
risks can be minimized. 

Implementability. All alternatives are feasible and implementable. Remedial activities will be 
performed using standard construction equipment and procedures. However, excavation of a burial 
ground contains numerous significant unceltainties. No administrative issues have been identified that 
would pot~ntially prohibit or delay implementation. A large experienced workforce exists to perfornl the 
remedial activities included in all of the alternatives. 

Cost. A comparison of capital costs for the base actions shows that Alternative W -5 is least expensive 
($7.1 million), followed by Alternative W-4b ($8.1 million), Alternative W-4a ($39.5 million), Alternative W-3 
($101 million), and Alternative W-2 ($102 million). Alternatives W-2 and W-3 are about 12 times more 
expensive than Alternative W -4b and W -5 because of more extensive remediation efforts. Removal, 
transportation, and disposal of buried waste is much more costly than in situ isolation. Alternative W-4a 
achieves a greater degree of reliability for isolation of SWSA 3 for an additional $31 million over 
Alternative W-4b. O&M elements for Alternatives W-2 and W-4 (a and b) are an order of magnitude 
greater than for Alternatives W -3 and W -5 because of the groundwater collection and· treatment system. 
The O&M costs would be required at least until a fmal groundwater decision is made. 

Conclusion. All the action alternatives protect human health and the environment. Alternatives W-2 
and W-3 restore the undeveloped portion of the site to u1l1'estricted use by removing all buried waste and 
contaminated soil. Alternatives W-4 (a and b) and W-5 restore most of the undeveloped area to u1l1'estricted 
use, with restricted access to about 25 acres of waste management areas. O&M cost for restricted use is 
$85,000/year versus a capital cost for achieving u1l1'estricted use for these 25 acres of$93.9 million. 

The groundwater actions included in Alternatives W-2 and W-4 (a and b) result in an additional cost 
of $1 million for construction and $2.7 million/year for O&M. While these actions would reduce 
contaminant mass in the groundwater, it is unknown what impact interim extraction may have on times 
required to reach final cleanup objectives, which will be defined in a future groundwater decision . 

. 
Alternative W-4a includes in situ grouting of SWSA 3 waste and a multilayer cap; this in situ 

grouting adds $31.4 million to th~ cost of Alternative W-4 (a and b). However, grouting will not address 
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contamination that has already' leached fi'om the waste; therefore, in situ grouting is not expected to be 
more effective than capping alone at reducing groundwater contaminant concentrations. ( 

2.10.4 NEPA Values for West Bethel ValleyJRaccoon Creek Alternatives 

NEPA: values are incorporated into the FS (DOE 1999a) consistent with DOE policy. Issues related 
to the affected environment, including ecological resources, cultural resources, land use, socioeconomics, 
transpOltation impacts, and ambient noise, are covered under the "Iong-tenn effectiveness and 
pennanence" and/or "short-term effectiveness" sections of the analysis. Important issues are detailed in 
the FS and are summarized here. 

Under Alternative W-l (the no action alternative), employment, traffic volume, noise levels, and 
ecological resources in Bethel Valley would remain the same. However, because soil covers over SWSA 3 
and the Contractor's Landfill would not be maintained, this alternative would cause a degradation ofthese 
covers, resulting in a degradation of surface water quality. The large volume of borrow soil required and 
the volume of waste generated by Alternatives W-2 and W-3 would cause Sholt-term increases in traffic, 
noise, and potential accidents. However, by allowing the area to be redeveloped, these alternatives could 
have a positive effect on socioeconomics and land use. The effects of Alternatives W-4 and W-5 on 
ecological resources, socioeconomics, transportation, land use, etc., would be minimal. 

Cumulative effects would depend on the timing and location of other activities at ORNL and on the 
ORR. Impacts could be substantial if remedial activities occur at all ORR facilities simultaneously. Total 
traffic, noise, fugitive dust, and sediment releases would be noticeably increased. Alternatives W-2 and 
W-3 have similar contributions to the cumulative effects because the excavation activities are identical. 
The cumulative effects of Alternatives W-4 and W-5 are less because the buried waste sites a.re capped 
instead of excavated. 

No environmental justice communities are impacted as a result of releases and cleanup activities at 
West Bethel ValleylRaccoon Creek. 

00-026(doc)/11l601 2-120 November 16.2001 



! 2.11 PRINCIPAL THREAT WASTES 

The NCP established an expectation that treatment will be used to address the principal threats 
posed by a site wherever practicable [40 CFR 300.430(a)(1)(iii)(A)]. Identifying principal tlu'eat waste 
combines concepts of both hazard and risk. In general, principal tlueat wastes are those source materials 
considered to be highly toxic or highly mobile that generally cannot be contained in a reliable manner or 
would present a significant risk to human health 01' the envi!'Onment should exposure occur. 

Most ofthe principal threat wastes in Bethel Valley have already been remediated through removal, 
treatment, and fmal disposal. Tluough early actions, sludges f!'Om the Gunite Tanks have been removed, 
and ongoing early actions are removing sludges from the FF A steel tanks, sediments from the sutface 
impoundments, and el\tremely contaminated subsurface soil in the N011h Tank Farm. These wastes were 
considered to be both highly mobile and very toxic. Contaminants such as 9{)Sr are mobile in water and, 
should a release occur, contamination could migrate large distances from the source. Additionally, 
radionuclides, such as 60Co, present in these sources, are emitters of gamma radiation, which can penetrate 
the body from the outside without sufficient shielding such as lead, concrete, or steel. Also, many of 
these sources contained alpha emitters such as 226Ra that, although lacking the ability to pass through a 
piece of paper or human skin, are extremely detrimental to hutnan health if ingested 01' inhaled. Remaining 
principal tlu'eat wastes are the contaminated soil in Central Bethel Valley, cunently contributing to 
groundwater contamination, and buried waste within SWSA 3 in West Bethel Valley. 

The soil in Central Bethel Valley may contain contamination at levels similar to that already found in 
the North Tank Fann. Cel1ain contaminants (e.g., 90SI') leaching fi'om the soil to the groundwater can migrate 
into adjacent surface water bodies and be released off the ORR within a day (highly mobile). 

It is known that hazardous materials have been placed in SWSA 3, including both long-lived 
isotopes and short-lived isotopes (highly toxic). There is evidence of substantial releases from SWSA 3 
to the unde1'lying groundwater. Ongoing releases from SWSA 3 to the g!'Oundwater cause groundwater 
contamination to slightly exceed the target risk range for industrial use of the groundwater. Releases of 
this contamination to the surface water have not contaminated adjacent streams above recreational 
risk-based limits aud do not cause consistent exceedance of A WQC. Concentrations in the groundwater 
underlying SWSA 3 and in the adjacent surface water are either stable or declining. This indicates that 
most of the releases have already occuned. The age of this burial ground, greater than 50 years, supports 
this conclusion. Therefore, the primaty concern is excavation into the burial ground by a future user. 

2.11.1 Soil in Central Bethel Valley Contributing to Groundwater Contamination 

Under Alternatives C-2 and C-3, the deep contaminated soil hot spots are removed to reduce the 
potential for additional releases to groundwater. This activity would be implemented where soil is a 
continuing source of groundwater contamination. The extent of removal is based on modeling results that 
indicate the potential to release any contaminant to groundwater at a level that would cause groundwater 
risk exceedance, based on a 10" industrial risk. . 

Because Alternative C-4 adopts a limited approach to groundwater action, deep soil would not be 
removed. 

2.11.2 SWSA 3 in West Bethel Valley 

Under Alternatives W-2 and W-3, buried waste within SWSA 3 would be removed to protect the 
umestricted user from exposure to radiation and to minimize future impacts to groundwater. This activity 
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would include removal and disposal of an estimated 96,700 m3 (126,500 yd3
) of radioactive waste fi'Olll 

the 7-acre burial ground. 

Under Alternative W -4, buried waste within SWSA 3 would be contained in order to protect the 
industrial worker from exposure to radiation and to minimize future impacts to groundwater. Under this 
activity a multi-layer cap and an upgradient shallow groundwater diversion trench would be installed at 
SWSA 3. The cap and diversion trench would contain the waste in place and substantially reduce the 
amount of water that migrates through the buried waste, resulting in a reduced 'flux of contaminants to 
surface water via groundwater. Alternative W-4a would also include grouting SWSA 3 burial trenches to 
fill void spaces within the waste and further reduce the amount of water that can migrate through the 
waste. Alternative W-4b is identical to W-4a, except it would not include grouting SWSA 3 trenches. 

Under Alternative W-5, buried waste would be contained in a manner identical to the activities 
under Alternative W-4b. 
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2.12 SELECTED REMEDY 

2.12.1 Summary of the Rationale for the Selected Remedy 

DOE, with the concun-ence of EPA and TDEC, has detennined that the prefen-ed alternatives (one 
for each of two subareas in Bethel Valley) presented in the proposed plan (DOE 2000a) are the most 
appropriate options for remediation in Bethel Valley. These two prefen-ed alternatives were Alternative 
C-3b for CentrallEast Bethel Valley and Alternative W-5 for West Bethel ValleylRaccoon Creek, both 
with some modifications. They have been combined in the ROD to fonn the selected remedy for Bethel 
Valley. This remedy protects human health and the environment, complies with ARARs, offers the best 
balance in satisfYing the CERCLA evaluation criteria, and is cost effective. This remedy uses pennanent 
solutions and alternative treatment technologies to the. maximum extent practicable. It satisfies the 
statutory preference for remedial actions that use treatment to reduce toxicity, mobility, or volume. 

The selected remedy meets the RAO (Sect. 2.8.2) and achieves the best mix of actions possible, 
given the relatively large number of units being addressed. The selection of this remedy is based on the 
comparative analysis of alternatives detailed in the FS (DOE 1999a) and proposed plan (DOE 2000a) and 
summarized in this ROD. 

Alternative C-3b. As mentioned, the selected remedy includes a modified Alternative C-3b, which 
was presented in the proposed plan (DOE 2000a). The primary mechanism for cleanup in this alternative 
is isolation of major contaminant sources to protect industrial workers at the site. Principal actions 
include (1) demolition and removal of buildings; (2) isolation of buried waste and underground pipelines; 
(3) removal or isolation of contaminated surface soil; (4) removal of contaminated sediment from White 
Oak Creek, First Creek, and Fifth Creek; (5) bioremediation or extraction and treatment of groundwater 
to minimize further impacts to groundwater and to protect surface water; and (6) LUCs to control 
exposure to residual surface soil contamination and prevent contact with contaminated buried waste, 
tanks, pipelines, subsurface soil, and groundwater. 

Four modifications were made to the scope of Alternative C-3b as presented in the RIlFS (DOE 1999a). 

(1) The sludge removal and stabilization of only four steel buried tanks (S-424, T-l, T-2, and HFIR) is 
included in the scope of the selected remedy. All other FF A inactive tanks in the original scope of 
the RIlFS are undergoing sludge removal and stabilization under separate CERCLA decisions. These 
tanks will require no fUither action under this decision. 

(2) The selected remedy refines the approach to inactive pipelines and bedding materials from that 
presented in the RIlFS. The selected remedy does not include the grouting of all bedding material. 
Pipeline bedding can consist of many different types of materials (e.g., sand, gravel, soil), not all of 
which are feasible to grout. In addition, some active pipelines are buried next to inactive pipelines. 
Gl'Outing all the pipeline bedding would therefore encase some active pipelines in grout, thereby 
hindeting access to these pipelines for repair or replacement in the future. Due to these implementability 
concerns, the selected remedy will add a barrier to flow where bedding materials serve as a 
preferential flow pathway for contaminated groundwater reaching surface water. Also, LLL W 
pipelines in the controlled industrial area will be grouted, but not inactive process waste pipelines. 
Process waste pipelines are expensive to gl'Out, most ca11"ied only lightly contaminated material, and 
many will continue to serve as conductors of collected groundwater to the treatment facility. 

(3) The selected remedy has also refmed the appl'Oach taken to identifY areas requiring surface soil 
excavation to protect the worker. The new approach meets the same tisk-based goal that Alternative C-3b 
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does as presented in the RIlFS. In the FS, a very conservative approach was taken to identifY areas 
requiring remediation. Any area with a risk above the risk goal was assumed excavated. The revised ( 
approach recognizes that workers are exposed to an average concentration in the entire area where 
they work. Therefore, a smaller area requiring excavation was calculated. 

(4) A more cost-effective approach to decontaminating subsurface structures has been selected. The FS 
conservatively assumed intrusive decontamination would be used to minimize impacts to 
groundwater. The removal of fixed contamination does little to enhance the control of migration of 
contamination to groundwater yet requires considerable effort and cost. The removal of loose 
contamination removes the contamination most likely to migrate at a fraction of the effOlt and cost. 
Therefore, the preferred alternative defines subsurface decontamination required to minimize 
impacts to groundwater as removing loose contamination. 

The above modifications reduced the capital remedial action costs of A1temative C-3b from $115 million 
(Table 2.28) to approximately $34 million. Based on available information, DOE, EPA, and TDEC believe 
that the modified Alternative C-3b provides the best balance of trade-offs among the other alternatives 
with respect to the evaluation criteria. Additionally, the modified Altemative C-3b is more cost effective than 
FS Altematives C-2 (a and b) and C-3 (a and b) because it provides similar protection but at a much lower 
cost. A major patt ofFS Altemative C-2 (the large-scale soil removal activity) could not be implemented 
until ORNL operations at the site are terminated, perhaps several decades into the future. A decision today 
for an action decades into the future is not practical. Because more surface soil is left in place, the modified 
Alternative C-3b is less costly than FS Altematives C-3 (a and b) and C-4, and site operations can 
continue at a higher level of efficiency. The preferred alternative is considered as protective and reliable 
as FS Altematives C-3 (a and b) and C-4 as long as appropriate LUCs are maintained. The modified 
Altemative C-3b is preferred over Alternative C-4 because the more extensive groundwater actions are 
anticipated to increase reliability of the altemative. The enhanced in situ treatment is preferred over 
conventional pump and treat technology at the East Bethel Valley VOC Plwne because of its lower O&M cost. 

Alternative w-s. The selected remedy also includes Alternative W-5 with minor modifications from 
that presented in the FS (DOE 1999a). Altemative W-5 has been modified in response to comments from 
TDEC to allow greater access to the buried waste areas. Under this modified altemative, SWSA 3 and the 
Contractor's Landfill will meet a recreational land use to allow passive surface use of those areas. The 
primary component of W-5, the cap, remains unchanged. The cap ensures protection for the recreational 
user. The existing fence around SWSA 3 is not necessary to ensure protectiveness after construction, and 
it will be removed. Other controls (Sect. 2.12.4) will take the place of the fence to prevent intrusive 
activities on the surface of the buried waste areas. 

The primary mechanism for cleanup in this alternative is isolation of major contaminant sources to 
allow passive surface use. Principal actions include isolation of buried waste, removal of contaminated 
soil. and LUCs to prevent contact with contaminated media. SWSA 3 and the Contractor's Landfill will 
be maintained as a recreational use area. The 1000 area will support unrestricted industrial use. The 
remainder of West Bethel Valley/Raccoon Creek will have no land use restrictions. Groundwater use 
restrictions will be needed. 

The technical basis for selecting capping and upgradient water diversion at SWSA 3 instead. of 
excavation includes the status of releases from the buried waste, the nature of waste in the burial ground, 
and the cost effectiveness of excavation rather than capping. The 90SI' concentrations detected in surface 
water in the NWT and Raccoon Creek are well below the action level for protection of recreational users 
of the area. This condition is not expected to change and concentrations of contaminants in surface water 
have been decreasing and are expected to decrease even further following implementation of the water 
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/ diversion and site capping: Much of the waste in SWSA 3 was covered with concrete as part of the burial 
process. The presence of concrete covering the waste both minimizes the contaminant release and makes 
excavation of the waste more difficult. The difference in costs between capping and excavation is more 
than $90 million. Thus, DOE, EPA, and TDEC concluded that excavation of wastes buried in SWSA 3 is 
not cost effective for reducing human health or enviromnental risk at this time. 

Based on available inf01mation, DOE, EPA, and TDEC believe that Alternative W-5 provides the 
best balance of trade-offs among the alternatives with respect to the evaluation criteria. Alternative W-S 
is preferred over Alternatives W-2 and W-3 because it provides more cost-effective protection of human 
health and the environment. Although the contaminated media are left in place under Alternative W-5, all 
but 25 acres of West Bethel ValleylRaccoon Creek are restored to unrestricted or unrestricted industrial 
use. Alternative W -5 is more cost effective than Alternative W -4 because it provides the same level of 
protection to potential users at considerably less annual O&M cost. 

Remedy Summary. The Bethel Valley selected remedy, composed of Alternative C-3b and 
Alternative W-5 as modified, is summarized in Table 2.30 and Figs. 2.26 and 2.27. Table 2.30 also sUlmnarizes 
the preference for treatment as a principal element of the remedy or indicates why the preference was not 
satisfied. 

State agency and cOlmnunity acceptance of the selected remedy was evaluated in conjunction with review 
and consideration ofconunents received. Comments are addressed in Pali 3 of this ROD. 

Following is a description ofthe selected remedy that addresses construction activities (and associated 
decision rules), monitoring, LUCs, uncertainties (and associated contingent actions), cost, NEPA values, 
and remedy implementation. Implementation issues include sequencing, performance objectives, and 
remediation levels. 

2.12.2 Construction Activities and Decision Rules 

Construction activities focus on building/facility D&D, buried waste isolation, tank content removal 
and shell containment, pipeline contaimnent and removal, soil removal, sediment and floodplain soil 
removal, and groundwater actions. 

Decision rules are provided for buildings/facilities (and associated off-gas systems), pipelines, soil, 
and sediment under the cOI1'esponding construction activity description. These decision rules are general 
response action (ORA) logic diagrams that indicate the path forward for remediation for active units 
transferred to inactive status or for newly discovel"ed sources that require integration into the remedy. 
Establishing these decision protocols allows a remedy to be selected and remedial action to begin even 
though some unce!tainties, exist about some site conditions. Actions, contemplated as a result of these 
decision rules that would result in a significant or fundamental change to the selected remedy will be 
appropriately documented. In some cases, additional public participation could be required. 

Buildings and Othel' Facilities D&D. A total of 58 buildings and other facilities are designated for 
D&D (Table A.I and Fig. 2.28). Of the 58 facilities designated for D&D, 3 have all'eady been removed, and 
another has been stabilized. Under this ROD, the Graphite Reactor, which is a designated National Historic 
Landmark, will remain on the site and the reactor core will be stabilized; all of the remaining 53 above-ground 
structures will be removed. Once the above-grade structure has been removed, remaining slabs or subsUlface 
structures will be removed or decontaminated and stabilized, depending on such factors as anticipated 
land use for the area in which the structure is located, the presence ~r absence of contaminated soils 
under the structure that could require removal, and cost effectiveness. 

OO·026(doc)1I11601 2-125 Nown\ber-16.2ool 



Figure 2.29 is a logic diagram that outlines the general response for inactive buildings OF other 
facilities. As the diagram shows, tile above-grade structure is removed. If infonnation such as historical ( 
knowledge, process knowledge, 01' envirorunental data suggests that soil contamination exists beneath the 
remaining slab or subsurface structure, the underlying soils are sampled and analyzed. Existing infonnation, 
and any infonnation acquired during the design investigation, will be evaluated in conjunction with the 
project-specific Remedial Design RepOit (RDR)lRemedial Action Work Plan. If the soil underneath a 
structure exceeds soil remediation levels, the slab or subsurface structure is removed to provide access to 
those soils. The soil remediation levels are defmed in Sect. 2.12.8.3. If the soil underneath a slab or 
subsurface structure does not exceed remediation levels, the following actions are taken on the slab 
andlor subsurface structure: 

• Slabs are either removed or decontaminated to meet remediation levels for protection of the 
industrial worker, whichever is more cost effective. 

• The top 0.6 m (2 ft) 01' 3 m (10 ft) (whichever depth is consistent with the required remediation 
depth for the designated land use) of subsurface structures (e.g., basements) are either removed or 
decontaminated, whichever is more cost effective. 

• Loose contamination is removed from remaining subsurface structures below the remediation depth 
using noninvasive techniques, such as vacuuming or washing, and are then stabilized in place by 
backfilling with stabilizing material, such as soil or flowable fill. 

• LLL W pipelines and associated equipinent located below the remediation depth are left in place and 
stabilized with the structure. 

The remediation approach' to be taken for individual structures will be established consistent with 
the logic described above and will be approved by the regulators in the RDR. 

As currently active buildings or other facilities become inactive and require fmal disposition decisions, 
the appropriate GRA may be selected using the GRA logic diagram presented in Fig. 2.29. As sections of 
the ORNL off-gas collection system come off-line, ductwork rendered inactive and located in the controlled 
industrial area may be addressed using tile GRA logic diagram presented in Fig. 2.30. Actions contemplated 
as a result of these decision rules that would result in a siguificant or fundamental change to the selected 
remedy will be appropriately documented. In some cases, additional public participation could be required. 

Buried Waste Isolation. A multilayer cap with'a barrier and drainage layer will be installed on 
SWSA 3 to encompass all buried waste and protect workers and future recreational users from unacceptable 
exposure to radiation and to minimize fulther impacts to groundwater. Design will meet RCRA closure 
requirements. During design, the extent of buried waste will be verified to ensure that all waste is 
contained. An example of a multilayer cap cross section is shown in Fig. 2.31. This figure is an example 
of typical construction only; the actual capping configuration will be established during detailed design 
as approved by the regulators in the RDR. The cap will isolate the waste and will substantially reduce the 
amount of water that migrates tlu'ough the buried waste, resulting in a reduced flux of contaminants to 
surface water via groundwater. 

An upgradient surface water and groundwater diversion trench will be installed at SWSA 3 to 
intercept and divert laterally flowing groundwater and route it around the buried waste. The trench will 
be designed and constructed to minimize surface water from entering. Stonuflow and shallow groundwater 
above the bedrock surface will be collected (surface water will be routed around caps using perimeter 
ditches). DOE intends to design and construct the upgradient trench in a way that will prevent interception 
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Table 2.30. Principal actions for the selected remedy for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Waste tvne Unit Remedial actions Preference for treatment 
Facilities Multiple structures Remove inactive buildings/facilities to grade level. Size~reductioI1 performed where 
(buildings and Decontaminate and stabilize or remove stmctures at appropriate; RCRA sludges from 
appurtenances) or below grade, depending on cost effectiveness the cooling towers treated prior 

and extent of contamination. Dispose of debris at 
EMWMF or other suitable facilitv. 

to disposal 

Graphite Reactor Stabilize Oraphite Reactor core Grouting eliminates the Ileed for 
building maintaining negative pressure 

while preserving landmark 
features 

Buried waste SWSAI Install a can Only SWSA 3 contains notable 
Former \Vaste Pile Install and/or maintain soil cover levels of contamination. Ex situ 
Area treatment not used for SWSA 3 
NRWTP Debris Pile InstaH andlor maintain soil cover because of significant cost and 

SWSA3 Install multilayer cap and upgradient diversion worker risk; in situ treatment not 

trench cost effective as environmental 

Contractor's Install and maintain soil cover impacts have decreased 

Landfill significantly overtime. 

Tank sludge and Tank contents Remove sludge and liquid from S·424. T-1. T-2. Sludge and liquid treated to meet 
linings andHFIR IV AC ofthe appropriate disposal 

facility 
Tank shells Fill four tanks with grout hI situ grouting perfonned to 

contain residual contamination 
and stabilize shells 

Inactive LLLW hlside main pJant Stabilize pipelines and add trench barriers; D&D Grouting perfoflned to contain 
pipelules area associated structures contaminants 

Outside main plant Remove pipelules and contaminated bedding Removal preferred because of 
area material [estimated at 1000 lin m (4000 lin ft)]: anticipated future land use 

D&D associated stmctures 
Contaminated Main plant area Remove contaminated surface soil [estimated at Removal generally preferred 
soil impacting 9700 m' (12.000 yd3

)]. Up to 10% of area may be 
worker covered. 
protection Outside main plant Remove contaminated soil to 3m (lOft) [estimated Removal preferred because of 

area at 500 m' (700 yd')] anticipated future land use 
In vicinity ofSWSA 3 Remove soil [estimated at 17.500 m' (22.900 yd3

)] Removal preferred because of 
(multiple anticipated future land use 
contaminated 
locations) 

Contaminated Inside main plant Remove contaminated soil [estimated at 1500 m3 Removal preferred over in situ 
soil impacting area (2000 yd3

)] treatment due to multiple 
I ground\vater contaminants 
Sediment and White Oak Creek. Remove sediment and floodplain soils [estimated at Removal prefelTed over in situ 
floodplain soils First Creek. and 13.500 I11

3 (17.600 yd3
)] treatment for penllancnce 

Fifth Creek 
Groundwater Core Hole 8 Plume Extract groundwater from four wells and from Ex sihl treatment perfonned 

sumps at seven stormwater junction boxes 
[estimated at combined rate of 380 L/min 
(100 .al/min)] 

I}OSr-contaminated Pump from 27 existing sumps [estimated at Ex situ treatment perfonned 
sumps combined rate of 306 Llmill (81 gal/min)]: continue 

to treat to remove QOSr 
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Table 2.30. Principal actions fol' the selected remedy for Bethel Valley, ORNL, Oak Ridge, Tennessee 
(continned) 

Waste type Unit Remedial actions 
GrOlmdwater Mercury~ Pump from four existing sumps at a combined rate 
(continued) contaminated sumps of 34 Umill (9 gal/min): add treatment to remove 

mercury 
VOCP1Ullle Implement enhanced in situ anaerobic 

bioremediation 
WellP&A Grout obsolete or poor quality monitoring wells 

and piezometers and ahandon in place (estimated at 
229 wells); in areas designated for unrestricted 
industrial or unrestricted use, remove to depth of 
3m(1O ft) 

Note: See Appendix A for a complete listing of contaminated sites and selected actions. 

D&D = decontamination and decommissioning 
EMWMF = Environmental Management Waste Management Facility 
LLL W = liquid low·level (radioactive) waste 
NRWTP = Nonradiological Wastewater Treatment Plant 
ORNL = Oak Ridge National Laboratory 
P&A = plugging and abandonment 
ReRA = Resource Conservation and Recovery Act of 1976 
SWSA = solid waste storage area 
voe = volatile organic compOlUld 
WAC = waste acceptance criteria 
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WEST BETHEL VALLEY--Ih~:---CENTRAL BETHEL VALLEY 

Other developed a~ea 
(unrestricted 
industrial use 

LEGEND 

= Surface water 

.+- = Groundwater extraction well 

• = NulrtenllnJeclion well 

Main Plant Area 
(col1lrojled industrial use) 

Inslall 
soli cover 
at FWIPA-~ '-_...I', 

= Building/Facility 0&0 

= Surface soli removal 

Install soil cover at 
NRWTP debris pile 

~~~~ = Sedlmenl and floodplain soil removal 

Remove contaminated 
soli impacting groundwater 

Olher de,lelooAO 

use) 

'. 
Other actions: (not shown) I 

1. Removal of pipelines and bedding materials 
outside Main Plant Area 

2. Groundwater extraction from strontium and 
mercury contaminated sumps 

3. Contents removal and grouting of 4 tanks 
(8-424, T-1, T-2, HFIR) 

= LLL W pipelines grouting 

= BUried waste with 5011 cover or cap 

= Boundary - Unrestricted industrial use 

= Boundary - Controlled industrial use 

2-129 Fig . 2,26, Actions for the selecled remedy for CentrallEast Bethel Valley, 
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Legend 

Contain Contractor's Landfill 
(main tain cover) 

= Roads 

= Surface water 

= Upgradlent diversion trench 

Contaminated Soil No.2 

_ = Buried waste with soil cover or multilayer cap 

,..----.., 
L~_=_=_=_~...! = Contaminated soil removal 

-----------......"'" 

\ 
'--:-~'" .... ....----------- ----------

'------7f'-- Contain SWSA 3 
(install multilayer cap and 

upgradien t diversion trench) 

-:,:..,~\, Remove Closed Scrap 
Metat Area 
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Scale in 
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Fig. 2.27. Actions for the selected remedy for West Bethel Vo UeylRaccoon Creek. 
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ACTIONS FOR THE SELECTED REMEDY 
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Graphite Reactor Filter House (3002) 

3001 Storage Canal 
EAST BETHEL VALLEY 

Radiation Level Analytical facility (3019BI1~ 
Fission Product Pilot Plant (3515) 

Fission Prclduct- ----. 
Development Lab. (3517) 

Transfer Canal and Dissolver Pit 
(3505) 

Graphite Reactor Fan House (3003) 

Graphite Reaclnr Slack (3018) 
Tritium Target Preparation Facility (7025) 

Metal Recovery Fac. (3505) 

Waste Evaporator Facility (3506) 

2'.100 

,--- Granl1ite Reactor Storage Canal Overflow (300113019) 
, lJndero,roulnd Exhaust Ducts (3001-3003) 

(3001) 
ORRR Cooling Tower NO.3 (3103) 
ORRR Heat Exchanger (3087) 

ORRR Heat Exchanger Pit (3102) 

Low Intensity Test Reactor Heat Exchanger (3077) 
BSR Conling Tower (3117) 

BSR Storage (3088) 

ORRR Cooling Tower No.2 (3089) 

ORRR Pumphouse (3085) 

BSR Heat Exchanger and Pumphouse (3119) 
ORRR Cooling Tower No.1 (3086) 
Storage Shed (3101) 
Aboveground Demineralized-Water Holding Tanks 

ORRR 10,000 Gallon Decay Tank 

Water Demineralizer (3004) 
BSR Pumphouse (3009) 

Low Intensity Test Reactor (3005) 

! 
, I 
I 

'i 

': 

ORRR Neutron Spectrometer Station (Neutron Flight Tube Building 3083) 
Bulk Shielding Reactor (3010) 
ORRR 25·Meter Target House (Flight Tube Building (3107» 

~'--- Oak Ridge Research Reactor Main Building (3042) 
ORRR NOG Filter Pit Charcoal Filter (3126) 

ORRR Cell Vent Filters (3139) 

ORRR POG Filter Pit Off·Gas Filter (3109) 

f1~~~~~~~~~~~~i;'-;~ ~~~~~~~~~~~~~i~~~~~~i~~~~:~~= Alpha Powder Facility (3028) ;~;\~~~~~~ BSR Fiiter House (3098) 
31 10 Filter House (including Isotopes Ductwork) 

Radioisotope Services Building (3034) 
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Radioactive Production Laboratory Annex (3033A) 

Radioactive Gas Processing Facility (3033) 

Radioisotope Production Laboratory-E (3032) 

Source Development Laboratory (3029) 
Radioisotope Production Laboratory-D (3031) 
High-Level Chemical Development Lab (4507) 
Radioisotope Production Laboratory-H (3 118) 
Radioisotope Production Laboratory-C(3030) 
Fil ler Pit (ror Bldg. 4507) (4556) 

Isotope Malerial Laboratory (3038·E) 

Radioactive Packaging and Shipping Facility (303B·M) 
Alpha Handling Facility (3038 AHF) 

Krypton Storage Cubicle (3093) 

Melal Segmenting Facility (3026D) 

Krypton·a5 Enrichment Facility (3026C) 

Fig. 2.28. Buildings and facilities designated fo l' decontamination and decommissioning, 

Thorium Storage Wells 1-10 
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Building determined to have 
no future use and to require 
remediation under CERCLA 

Remove above-grade struclure. 
Sample soil beneath remaining 
structure if information suggests 

contamination 

Soil 
beneath 

structure exceeds soil trigger 
levels for minimizing impacts to 

groundwater? 

No 

Soil in 
interval between 

bottom of structure and 
remedialion depth exceeds 

remediation levels for 
protecting worker? 

No 

Decontaminate or remove slab 
Decontaminate or remove subsurface 
structure to remediation depth 
Remove loose contamination from 
remaining structure 
Backfill with stabilizing material to grade 

Yes 

Yes 

Remove sufficient slab 
andlor subsurface 
structure 10 allow 
access to soils 

Note: 

Logic 
diagram 
for soil 

Remediation depth for 
• Conlrolled industrial = 2 ft . 
• Unrestricted Industrial = 10 ft. 

5Q.Ol0600-018 Action Log!c2 

Fig. 2.29 

GENERAL RESPONSE ACTION LOGIC DIAGRAM 
FOR BUILDINGS/FACILITIES 

DOE · Bethel Valley· Oak Ridge, Tennessee 

Document rd: 35H830 Drawing date: 
0139-60/PROPLAN OM. 6, 1999 

Fig. 2.29. General response action logic diagram for buildings/facilities. 
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Section of off-gas system 
comes off-line 

If possible, isolate Inactive 
sections of ductwork from 
sections remaining active 

, 

Depth less than 2 It >Y:..:e::::s~ __ ~ 
below grade? 

No 

Remove loose contamination 
from remaining substructure 

to minimize impacts to 
groundwater 

Grout in place 

Remove to at least 2 It below grade. Remove 
loose contamination from remaining substructure 

to minimize impacts to groundwater. 
Backfill with structurally stable material. 

50·0106Q0-.018 Fig 3.30 

Fig. 2.30 

GENERAL RESPONSE ACTION LOGIC 
DIAGRAM FOR OFF-GAS SYSTEM 
DOE - Bethel Valley - Oak Ridge, Tennessee 

DoClJment Id: 35H830 I Drawing Id: I Drawing date: 
0139-60IPROPLAN 98·16472.CDR Dec. 8, 1999 

Fig, 2.30. General response action logic diagram for off-gas system. 
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Cap 18"+ 

Shallow Rooted 
Grasses __ 

..-Vegetation (Shallow-rooted grasses) 

{ 

~ -Topsoil (vegetative growth media) 
Frost --

protection layer 12" --Random Soil 
-- ____ Geotextile filter fabric 

Drainage layer ->- -Geonet 
-- '. -Geomembrane 

Infiltration barrier layer ->- '''----Geosynthetic clay liner 

Recontouring fill to promote 
positive drainage (existing) 

Existing fill 

Waste 

Random SOil-i~ii;;1\;!j~&!~ Perimeter Piping 
to Drain Geonet 

Recontouring 

Waste 

" 10.5' .[ rl -------------1 
Fig. 2.31 

Conceptual representation. Actual configuration 
will be established during detailed design. 

TYPICAL MULTILAYER CAP WITH GRADUAL 
OUTSlOPE FOR ALTERNATIVES C-3 AND C-4 

DOE - Bethel VaHey - oak Ridge. Tennessee 

Document Id: 35H830 I Drawing ID: Drawing Date: 
0139-60/PROPlAN 50.(110600-018 March 15. 2000 DL 

Fig_ 2.31. Typical multilayer cap with gradual outslope for Alternatives C-3 and C-4. 
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( of contaminated groundwater. An example of an upgradient diversion trench is shown in Fig. 2.32. This . 
figure is an example of typical construction only. The actual upgradient diversion trench configuration will 
be established during detailed design as approved by the regulators in the RDR. Surface water monitoring 
for remedial effectiveness will include detection of contaminants that may originate from the diversion 
trench. If diverted water contributes to surface water exceedances, it will be treated before release. 

A simple cap (low permeability cover) will be installed on SWSA I to protect workers from 
unacceptable exposure to radiation and to minimize further impacts to groundwater. The cap will isolate 
the waste and substantially reduce the amount of water that migrates through the buried waste, thus 
reducing the potential for SWSA I contaminants to reach surface water via groundwater. 

A O.6-m (2-ft) soil cover will be provided at the NRWTP Debris Pile, the FWPA, and the Contractor's 
Landfill to protect workers from unacceptable exposure to radiation. Additionally, two small areas of the 
existing cover at the Contractor's Landfill are contaminated and will be removed and backfilled. Predesign 
sampling will be conducted to determine the extent of surface contamination and thickness of existing 
soil cover at each area. 

The East Melton Valley Borrow Site may be the source of all fill soil required. This site is located in 
Melton Valley on the east side of Health Physics Research Reactor Access Road. The 25-acre site has 
been investigated and determined to have at least 17 m (55 ft) of soil suitable for use as fill. The other 
potential borrow sites evaluated in the FS (DOE I 999a) may also be used. 

All surface debris will be removed and sent to the EMWMF or an appropriate off-site facility prior 
to capping or covering. 

Tank Contents Removal and Shell Containment. Liquid and sludge contents will be removed 
from the remaining inactive LLLW tank in Bethel Valley (Tank S-424), and from the three remaining 
inactive LLLW tanks in Melton Valley (Tank T-I, Tank T-2, and the HFIR Tank), to minimize impacts to 
groundwater. The contents will be treated as needed to meet the WAC of the disposal facility. Determination 
of the appropriate treatment method and disposal facility for the tank contents will be performed during 
predesignldesign of the remedial action. After contents removal, the four tanks will be grouted in place to 
minimize impacts to groundwater and to structurally stabilize the tanks to keep them from collapsing. 
FFA inactive tanks that have already been stabilized under early actions will require no further action under 
this decision. However, soil actions required to minimize further impacts to groundwater may require tank 
removal for access. 

Pipeline Containment. Inactive LLLW pipelines in the controlled industrial area will be grouted to 
eliminate potential preferential flow paths for contaminated groundwater. Pipelines will be filled with 
grout to immobilize any residual contamination and to minimize contaminant migration. Pipeline bedding 
material that is a preferential flow pathway for groundwater reaching surface watq may be contained through 
grouted barriers or other similar containment technologies. This grouting of the pipelines and selected 
bedding material is used in combination with the ongoing interception and treatment of contaminated 
groundwater in seepage pathways to minimize impacts to groundwater and to protect surface water. At 
the time that pipeline bedding materials are contained, an evaluation of the collection system will be 
made to ensure that contaminated groundwater previously flowing through the. bedding material is being 
collected such that groundwater impacts are minimized and surface water is protected. In the unrestricted 
industrial or unrestricted areas, inactive LLL W pipelines, contaminated process lines, and contaminated 
bedding materials will be removed to protect the future user from unacceptable exposure to radiation. 
Both inactive LLLW and contaminated process lines are included in the scope of this activity. 
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( The GRA logic diagram for pipelines is presented in Fig. 2.33. This logic diagram addresses any 
pipeline that may be identified in the future as a potential source of unacceptable risk. Depending on 
pipeline location (i.e., land use area), depth, and migration potential along the bedding material, potential 
actions would include removal of pipeline and associated bedding material, pipeline grouting, or pipeline 
grouting with limited plugging of bedding material. Bedding material that exceeds soil trigger levels for 
minimizing impacts to groundwater is considered contaminated soil and is addressed in Fig. 2.34, General 
Response Action Logic Diagram for Soil. 

Substructures associated with inactive LLL W and contaminated process lines, such as pump pits, valve 
boxes, manholes, manways, vaults, and dry wells, will undergo D&D similar to that discussed previously for 
buildings and other facilities. Subsurface structures are either demolished or decontaminated to the appropriate 
remediation depth, whichever is more cost effective. Any LLL W pipelines and associated equipment located 
below the remediation depth are left in place and stabilized with the structure. Loose contamination 
located below the remediation depth is removed using noninvasive techniques such as vacuuming or 
washing. The substructure or hole is backfilled with stabilizing material such as soil or flowable fill. 

Soil Removal. Inside the ORNL main plant area, contaminated surface soil [0 to 0.6 m (0 to 2 ft)] 
will be preferentially removed and backfilled with clean soil or, as detelmined on a case-by-case basis 
during design, covered to protect the industrial worker from unacceptable exposure to radiation. It is 
estimated that approximately 9000 m3 (12,000 yd') of surface soil will be removed. There may be cases 
where a soil cover is less disruptive of active plant utilities. However, it is anticipated that these areas 
will be less than 10% of the total soil area to be remediated. In addition, an estimated total of 500 m3 

(700 yd') of contaminated soil will be removed in the vicinity of (1) the Tritium Target Preparation 
Facility (Bldg. 7025) and the 7078 Area former Dump Site to protect the unrestricted industrial worker, 
and (2) the Abandoned Burn Pit to achieve unrestricted use. 

In the undeveloped areas around ORNL, contaminated soil will be removed and backfilled with 
clean soil to protect the unrestricted user from unacceptable exposure to radiation. The maximum depth 
of excavation will be that corresponding to bedrock or the groundwater table, whichever comes first. An 
estimated 16,700 m' (21,900 yd') of soil near SWSA 3 will be removed, including approximately 
1600 m' (2100 yd') from the Contractor's Landfill cover. This soil may be used as contouring fill for 
construction of the SWSA 3 cap. TDEC and EPA will review and approve plans to use excavated soil as 
contouring fill. If soil contamination adjacent to SWSA 3 extends below 3 m (10 ft) and is contaminated 
at levels i,n excess of remediation levels for an unrestricted user, the cap of SWSA 3 may be extended 
over the area if approved by the FF A parties. 

Where soil is a continuing source of groundwater contamination, the contaminated soil will be 
removed and backfilled with clean soil. To identify these hot spots, a benchmark of groundwater risk 
greater than 1 x 10.4 (industrial use) was used. Section 2.12.8.3 and Appendix C include information for 
use in remedial design to detennine contaminated soils that require removal to minimize impacts to 
groundwater. The remedial actiou selected to address soils impacting groundwater is soil 
removal/excavation. Selection of the removal/excavation remedial action was based on an assumed work 
scope ofa single "hot spot" containing LLW (e.g., no TRU waste), a total excavation volume of 1500 m3 

(2000 yd'), and a total cost of approximately $1.1 million. However, it is not yet detennined to what 
extent contaminated subsnrface soil is impacting groundwater in Bethel Valley. DOE's estimate of the 
cost of implementing this part of the remedial actions may increase substantially. Should any of the FFA 
parties conclude in good faith that such a substantial cost increase appears likely, any of the FFA parties 
may require DOE, EPA, and TDEC to reconsider the selected alternative in light of the anticipated cost 

,'increase. If, as the result of their reconsideration, the three FFA patties agree that, or the dispute 
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resolution process under the FF A detelmines that, significant changes 01' fundamental alterations 'should (' 
be made to the previously selected action, the proposed changes will be documented in accordance with 
the National Contingency Plan, using procedures that provide the public with an opportunity to review 
and comment on the proposed changes prior to any final decision on adopting them. 

Other remedial actions in this ROD will continue as the FF A parties work to complete 
reconsideration of the remedial action selected to address soils impacting groundwater. Additionally, 
should any patty, as contemplated in the above paragraph, require the reconsideration of the selected 
altemative during implementation of the subsurface soil remediation, all subsurface soil remediation 
activities will halt (unless the FFA parties agree otherwise) pending the completion of the 
reconsideration process described above. . 

Figure 2.34 presents the GRA logic diagram for soils. This logic diagram addresses any soil that may 
be identified in the future as a potential source of unacceptable risk. Depending on soil location (e.g., land 
use atoea), contamination level, depth, and migration potential to groundwater, potential actions would include 
removal to varying depths or placement of clean cover. The ftrst box in the logic diagram identifies "accessible 
contaminated soil," indicating that contaminated soil above remediation levels will be removed if the soil is 
accessible, or as it becomes accessible. This reflects the complexity of perfOlming remedial actions within a 
research complex with an ongoing mission. In some cases, currently active facilities and infrastructure 
impede access to contaminated soils that will require remediation to meet the fmal objectives of this ROD. 
"Accessible contaminated soil" is soil whose access is not cun'ently impeded. Remediation of soils whose 
access is impeded may be postponed, with regulatOlY agency approval, until associated facilities/infrastructure 
have been deactivated or removed. These soil remediation decisions will be made on a case-by-case basis 
where the criteria for detellllining "accessibility" would include I) extent of disroption to ongoing operations, 
2) degree of soil contamination, and 3) logistics or coordination with other remediation or construction 
activities in the same 01' nearby area. Eventual remediation of these postponed contaminated soils would 
follow the same decision logic presented in the diagram once they become accessible. 

Sediment and Floodplain Soil Removal. Under this activity, contatninated sediment will be removed to 
the depth of deposition from Bethel Valley creeks to achieve A WQC for mercUlY in surface water, achieve risk 
reduction in sUlface water at the 7500 Bridge, achieve recreational risk-based limits in sediment, and protect 
benthic invertebrates in sediment. The GRA logic diagram for sediments is presented in Fig. 2.35. Floodplain 
soils will be removed from adjacent areas to a maximum depth of 0.6m (2 ft) and backfilled to protect the 
industrial worker from unacceptable exposure to radiation and to minimize the migration of contantinants 
downstream. It is estimated that a total of 13,500 m3 (17,600 yd3

) of soil and sediment will be removed. 

Groundwater Actions. Groundwater extraction will be implemented to minimize fuliher impacts to 
groundwater and to protect surface water bodies from discharges of strontium and mercUly. Four deep 
extraction wells will be installed at the Core Hole 8 Plume to collect water from bedrock, and seven sumps 
will be installed neal' stol1n drain junction boxes to collect contaminated shallow groundwater. Storm drain 
junction boxes will be repaired to restrict in-leakage of contatninated shallow groundwater and subsequent 
discharge to surface water outfalls. These additional sumps will supplement three collection sumps already 
in place for the Core Hole 8 Plume discharge area. Groundwater collection will continue at existing building 
and tank sumps throughout the ORNL main plant area (approximately 27 strontium-contaminated sumps 
and 4 mercUly-contaminated sumps). Groundwater will be treated by the existing wastewater treatment 
system, although some of the water (mercury-contaminated) may require pretreatment. This collection 
and treatment will continue until a final groundwater decision is made. h1 addition, DOE will re-evaluate 
the perfonnance of the collection and treatment system periodically to allow optimization of perfOlmance 
with respect to contaminant mass reduction. 
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At the East Bethel Valley VOC Plume, enhanced in situ biodegradation will be implemented to 
accelerate microbial degradation of the organic contaminants; groundwater itljection wells will be installed ( 
for the introduction of food-grade compounds such as lactate, ethanol, or benzoate. 

Obsolete or poor quality monitoring wells and piezometers will be grouted and abandoned in place. 
An estimated 229 such wells throughout Bethel Valley will be affected. 

2.12.3 Maintenance Activities and Environmental Monitoring 

This section describes both the maintenance activities necessary to ensure that long-term protection 
is maintained and the environmental monitoring required to evaluate the effectiveness of remedial actions 
and support future decision making for the deferred areas of Bethel Valley. 

Maintenance Activities. Caps, soil covers, and surface drainage will be inspected periodically. 
Maintenance such as mowing and resodding of eroded areas will be perfonned as necessary. Groundwater 
will continue to be collected at extraction wells and from sumps for treatment. Pumps, valves, and piping 
will be periodically inspected and replaced. Pretreatment system filter media (if required) and collected 
solids will be periodically removed, filter media will be replaced, and waste will be packaged for 
disposal. If pretreatment is necessary, performance of the pretreatment system will be monitored to 
ensure operations are within projected requirements 

Surface Water Monitoring. Surface water will be monitored in order to measure the effectiveness 
of the remedial actions implemented under this decision. Surface water that receives contaminants from 
sUiface IUnoff or groundwater seepage is the only known contaminant release pathway fi'om Bethel Valley, 
and a system of flow volume and contaminant measurement stations exists within the area. Measurement 
stations on the main stems of White Oak Creek (e.g., 7500 Bridge), NWT, First Creek, and Raccoon Creek 
will be maintained and operated to measure concentration and release fluxes of contaminants from Bethel 
Valley source areas (e.g., SWSA I, SWSA 3, Corehole 8 Plume sources, South Area Plume sources). 
Additional established surface water sampling sites are located on White Oak Creek and its tributaries in 
Bethel Valley, and these sites may be sampled as remedial actions are completed to document contaminant 
releases from tributary areas. Surface water monitoring will be used to verify compliance with A WQC 
and to verifY reduction of off-site contaminant releases to acceptable levels. Figure 2.36 shows the locations 
of surface water monitoring stations in the Bethel Valley area that have been used historically to measure 
contaminant discharges. Continuous measurement of flow volume with flow-propOitional sampling for 
contaminant measurement will occur at the foul' main stations in Bethel Valley (7500 Bridge Weir, First 
Creek Weir, NWT Weir, and Raccoon Creek Weir) and other stations dictated by the design of the selected 
remedial actions. Details of surface water monitoring will be developed and approved during the remedial 
design process. Results of monitoring will be included in the annual Remediation Effectiveness RepOit 
(RER) for the ORR. 

Groundwater Monitoring. Groundwater monitoring objectives in Bethel Valley include two 
aspects of site surveillance: 

• Bethel Valley groundwater exit pathway wells will be monitored to verifY that contaminants are not 
leaving the contaminated area. 

• Groundwater in the vicinity of contaminant source control areas will be monitored to measure 
effectiveness of contaminant source control actions. 
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Exit pathway groundwater monitoring will be perfomled in West Bethel Valley/Raccoon Creek to 
detennine if contaminants are leaving the known contaminated area by groundwater transport and to 
document the concentrations of any groundwater contaminants at the area boundary. The frequency of 
groundwater monitoring at the exit pathways will be based on the rates of groundwater movement in 
shallow versus deep monitoring zones. Groundwater will be analyzed routinely for contaminants known 
to occur within the Bethel Valley watershed with periodic analysis for a broad spectrum of contaminants. 

Groundwater and/or seep monitoring will be used to measure some aspects of remedial action 
effectiveness in areas where source control actions are implemented. Examples of types of groundwater 
monitoring that may be used include measurement of water level fluctuations inside and outside hydraulically 
isolated areas and sampling of monitoring wells to measure contaminant concentrations within and at the 
edges of existing contaminant plumes. Monitoring of seeps at certain locations is appropriate to sample 
discharging groundwater to measure changes in contaminants entering the streams. [n areas where groundwater 
is collected for treatment, collected groundwater volumes and contaminant concentrations will be monitored. 

As with surface water monitoring, the details of groundwater monitoring will be developed and 
approved during the remedial design process. Results of monitoring will be included in the annual RER. 

Physical Inspections. Physical inspections will be conducted to assess the perfonnance and 
integrity of remedy components. Remedial components subject to inspection include caps, soil covers, 
and water treatment facilities. Visual inspections will address issues such as cracks or failures in the 
caps, erosion of so il covers, and overall condition of the structure or system. 

Radiological Surveys. Radiation surveys will be conducted at areas with soil covers to assess the 
ongoing ability of soil covers to effectively shield on-site workers from sources of radiation and 
contamination. The frequency of surveys will be detennined in a post-ROD monitoring plan. 

Sediment Sampling. Sediment samples will be collected in White Oak Creek, First Creek, and Fifth 
Creek to detennine if contaminants are reaccummulating in these streambeds and to help verify whether 
the goal of reducing risk from contaminated sediment is being met. Results will be reported in the annual 
RER. The frequency of sampling will be detennined in a post-ROD monitoring plan. 

Biological Monitoring. Fish and benthic macroinvertebrate surveys will be conducted in White Oak 
Creek, First Creek, and Fifth Creek to evaluate whether aquatic populations are being protected. Results wi ll be 
reported in the annual RER. The fi'equency of monitoring will be determined in a post-ROD monitoring plan. 

2.12.4 Land Use Controls 

Areas within Bethel Valley cannot support unrestricted use due to hazardous substances remaining 
in place after implementation of the selected remedy. Land use restrictions are required as part of this 
CERCLA action and will be achieved through imposition of LUCs that limit the use and/or exposure to 
those areas of the property, including water resources, that are contaminated. DOE is committed to 
implementing and maintaining LUCs, including institutional controls, to ensure that the selected remedy 
remains protective of human health and the environment. 

DOE has agreed in an MOU with EPA and TDEC (DOE, EPA, and TDEC 1999) to comply with the 
ORR LUCAP whenever LUCs, including institutional controls, are selected as part of a remedial action (as in 
this ROD). The LUCAP, which is attached to the MOU, establishes procedures designed to ensure that 
each selected LUC will be implemented and properly maintained for as long as the LUC is needed to 
protect public health and the environment. Included in the LUCAP are requirements for planning 
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implementation of each selected LUC, regular periodic monitoring of each LUC following its implementation, 
and annual celtification by the manager of DOE-ORO that each LUC continues to be effectively 
implemented. 

Pursuant to the ORR LUCAP, when a remedial action that includes LUCs has been selected, a 
LUCIP will be developed as a component of the post-ROD documentation. DOE will develop a LUCIP 
for Bethel Valley that addresses the units covered under the ROD and submit it to EPA and TDEC for 
approval. The Bethel Valley LUCIP will be submitted and reviewed concurrently with the Bethel Valley 
Remedial Design Work Plan. The anticipated schedule for the LUCIP is shown in Table 2.31. The 
LUCIP will specify LUC objectives for Bethel Valley (Sect. 1.2), identify the controls and mechanisms 
required to achieve each objective, and describe the actions necessary to implement and maintain the LUCs. 
Upon regulatory approval, the Bethel Valley LUCIP will be added to Appendix B of the ORR LUCAP. 

Table 2.31. Schedule for Land Use Control Implementation Plan, Bethel Valley, ORNL, OakRidge, Tennessee 

Activity Duration of activity (days) 
DOE issues LUCll' (DI version) see footnoteO 
EPA and TDEC reviewDI LUCll' 90 
DOE responds to regulatory comments on the Dl LUCll' and prepares the D2 LUCll' 60 
EPA and TDEC review and approve the D2 LUCll' 30 

aThe D1 LUCIP will be submitted concurrently with the Remedial Design Work Plan. 
DOE ~ U.S. Department of Energy LUCIP ~ Land Use Control Implementation Plan 
EPA = U.S. Environmental Protection Agency IDEe = Tennessee Department ofEllvironment and Conservation 

The Bethel Valley ROD establishes four remediation areas within the watershed with different future 
land uses and different remediation levels. Each of these land use areas will have one or more controls that 
are required to ensure the long-term protection of human health and the environment. The seven LUCs 
that will be used in Bethel Valley are summarized in Table 2.32 and include property record restrictions, 
propelty record notices, zoning notices, internal pennits program, access controls, signs, and surveillance 
patrols. For each ofthese controls, the table specifies the purposes of the controls, duration, implementation, 
and affected areas. The primary controls that will be used to limit unauthorized activities in the remediation 
areas includes signs and administration of an excavation/penetration permit program. Use restrictions and 
infonlJation about the residual contamination/waste management areas will also be recorded by DOE along 
with the original acquisition records (e.g., deeds) for the ORR. Advisories established by the TDEC Division 
of Water Pollution Control to prohibit fishing or swimming have not been posted in Bethel Valley, in part 
due to the small size of the streams, and therefore were not included as a. LUC for Bethel Valley. 
Table 2.33 lists the LUCs for the principal waste units or areas to be remediated under the ROD. 

The DOE is responsible for implementing, monitoring, maintaining, repOlting on, and enforcing the 
LUCs selected in this ROD in accordance with the requirements in the Bethel Valley LUCIP. The LUCIP 
will remain in effect until the follow-on or final LUCIP has been approved. The LUCIP may be modified 
01' expanded as needed over the intervening period to address LUCs stipulated in other fOlthcoming 
decision documents for Bethel Valley. 
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Table 2.32. Land use controls for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Type of control Purposes of control Duration Implementation Affected areasQ 

1. Property Record Restrict use of property by imposing Indefmitely Drafted and implemented by DOE upon transfer of All waste management areas and other 
Restrictions" limitations affected areas. Recorded by DOE in accordance with areas wbere hazardous substances are 

A. Land use state law at County Register of Deeds office left in place at levels requiring land 
B. Groundwater Prohibit uses of groundwater use andlor groundwater restrictions 

2. Property Record Provide notice to anyone searching Indefinitely Notice recorded by DOE in accordance with state law at All waste management areas and other 
Notices C records about the existence and location County Register of Deeds office: 1) as soon as areas where hazardous substances are 

of contaminated areas practicable after siguing of the ROD: 2) upon transfer of left in place at levels requiring land 
affected areas: 3) upon corupletion of all remedial actions use and/or groundwater restrictions 

3. Zoning Notices Provide notice to city about the Indefmitely Initial Zoning Notice (same as Property Record Notice) All waste management areas and other 
existence and location of waste disposal filed with City Planning Commission as soon as areas where hazardous substances are 
and residual contamination areas for practicable after siguing of the ROD: fmal Zoning Notice left in place at levels requiring land 
zoning/planning purposes and survey plat filed with City Planning Commission use and/or groundwater restrictions 

upon completion of all remedial actions 
4. Excavation! Provide notice to worker/developer As long as • Implemented by DOE and its contractors Remediation systems. all waste 
Penetration Pennit (i.e .. peront requestor) on extent of property • Initiated by pennit request management areas, and areas where 
Program/! contamination and prohibit or limit remains hazardous substances are left in place 

excavation/penetration activity wlderDOE at levels requiring land use and/or 
control groundwater restrictions 

5. Access Controls Control and restrict access to workers Indefinitely Controls maintained by DOE Specific locations will. if necessary. be 
(e.g .. fences. gates. an~ the public to prevent unauthorized detennined by each remediation 

I portals) uses I project 
6. Signs!! Provide notice or warning to prevent Indefinitely Siguage maintained by DOE At select locations throughout Bethel 

unauthorized access Valley 
7. SurveiIIance Control and monitor access by Indefinitely • Established and maintained by DOE Patrol of selected areas throughout 
Patrols workers/public • Necessity of patrols evaluated upon completion Bethel Valley. as necessary 

of remedial actions 

(I Affected areas - Specific locations identified in the Bethel Valley LUCIP or subsequent post~ROD documents. 
b Property Record Restrictions -Includes conditions andlor covenants that restrict or prohibit certain uses of real property and are recorded along with original property acquisition records of 

DOE and its predecessor agencies. 
€" Property Record Notices - Refers to any non~enforceable. purely infonnational document recorded along with the original property acquisition records of DOE and its predecessor agencies that 

alerts anyone searching property records to important infonnation about residual contamination/waste disposal areas on the property. 
d Zoning Notices -Includes infonnation on the location of waste disposal areas and residual contamination depicted on a survey plat. which is provided to a zoning authority (i.e .• City Planning 

Commission) for consideration in appropriate zoning decisions for non~DOE property. 
<' Excavation/Penetration Pennit Program - Refers to the internal DOEIDOE contractor administrative program(s) that require the pennit requestor to obtain authorization. usually in the fonn ofa 

pennit. before beginning any excavation/penetration activity (e.g., well drilling) for the purpose of ensuring that the proposed activity will not affect underground utilities/structures. or in the case of 
contaminated soil or groundwater. will not disturb the affected area without the appropriate precautions and safeguards. 

t Access Controls - Physical baniers or restrictions to entry . 
.\: ~ - Posted command. warning.. or direction. 

DOE = U.S. Department of Energy 
LUCIP "'" Land Use Control Implementation Plan 
ORNL "" Oak Ridge National Laboratoty 

ROD = record of decision 
SWSA = solid waste storage area 

~, ~ 
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Table 2.33. Land use controls for principal waste units or areas to be remediated, Bethel Valley, ORNL, 
Oak Ridge, Tennessee 

Waste type Unit 01' area Land use controls 
Facilities (buildings and appurtenances) Stmctures at or below grade 1-4 

Graphite Reactor building 1-4,7 
Buried waste SWSA I 1-4,6,7 

F omler Waste Pile Area 1-4,6,7 
NR WTP Debris Pile 1-4,6,7 
SWSA3 1-7 
Contractor's Landfill 1-7 

Tank sludge and linings Tank contents 1-4 
(residuals) 

Tank shells 1-4 
Inactive LLLW pipelines Inside main plant area 1-4 

Outside main plant area Pipelines removed 
Contaminated soil impacting worker Main plant area Soil Removed 
protection [top 0.6 m (2 ftll Outside main plant area Soil Removed 

In vicinity ofSWSA 3 Soil Removed 
Contaminated soil impacting groundwater Inside main plant area 1-4 
Sediment and floodplain soils White Oak Creek, First Creek, and Fifth Creek 1-4 
Groundwater Core Hole 8 Plume 1-4 

wSr-contaminated sumps 1-4,7 
Mercury-contaminated sumps 1-4,7 
VOCPlume 1-4 
Monitoring wells 1-4. 

Notes: 
(1) TIlis table lists the land use controls that apply to principal waste types or units that will be remediated under the ROD. 

The numbers in the "Land use controls" column correspond to the numbered land use controls in Table 2.32, "Land use controls 
for Bethel Valley"; specifically. 

1 = Property record restrictions 
2 = Property record notices 
3 = Zoning notices 
4 = Pennit program 
5 = Access controls 
6~ Signs 
7 = Surveillance patrols 

(2) Details regarding implementation ofland use controls are. set forth in Table 2.32 and will be further addressed in the 
land use controls implementation plan. 

(3) The indicated land use controls may be applied at the unit or by implementation of the land use control 011 a Bethel 
Valley-wide basis. For example. signs may not surround S\VSA 1. an individual waste unit in the main plant area. but may be 
placed at key access points to the main plant area. which contains multiple waste lUlits. 

(4) See Appendix A for a complete listing of contaminated sites and selected actions. 

LLL \V = liquid low-level (radioactive) waste 
NR\VTP = Nonradiological Wastewater Treatment Plant 
ORNL ~ Oak Ridge National Laboratory 
ROD = Record of Decision 
S'VSA = solid waste storage area 
VOC = volatile organic compOlUld 
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Uncertainty 

Level of contribution to 
groundwater 
contamination from 
SWSA I 

Future contaminant 
fhlx in First Creek from 
Core Hole 8 Plume 

Effectiveness of actions 
to reduce contaminant 
flux at 7500 Bridge 

Future contaminant 
fl'Lx from SWSA 3 to 
Raccoon Creek and 
Northwest Tributary 

Meet A WQC for all 
site-related 
contaminants 

Extent of contaminated 
soil impacting worker 
protection 

Table 2.34. Management of uncertainties", Bethel Valley, ORNL, Oak Ridge, Tennessee 

Relative probability of Potential impact of Contingent action or I 

Expected condition Potential deviation deviation deviation Action decision rule 
Buried waste 

Currently SWSA 1 is not After completion of actions Low-existing data Low-potential levels Cap SWSA 1 None due to low 
a significant contributor in area. SWSA 1 is a show groundwater would minimally probability or impact: 
to groundwater significant contributor to contamination risk <104 exceed 10.4 would be considered in a 
contamination groundwater contamination futme decision 

Surface water 
StrontiulU~90 fill"" Insufficient flux reduction Low-concentrations Medium-eventua11y Source removals: interceptor trench at First 
decreases markedly with to meet at least 45% risk have decreased from impacts Clinch River groundwater Creek 
implementation of reduction at 7500 Bridge past actions. fltLX is extraction 
groundwater removal and maintain recreational directly related 
system risk-based levels in First 

Creek and WOC 
Planned actions achieve Insufficient flux reduction Medium-flu.x Medium- eventually Numerous source interceptor trench at 
at least 45% reduction at to meet at least 45% risk infonnation and source impacts Clioch River and groundwater South Area Plume 
7500 Bridge reduction at 7500 Bridge identification both have actions 

and maintain recreational uncertainties 
risk-based levels io WOC 

Future conditions will Future recreational or Low-concentrations in High-flu:" io Source interceptor trench before 
not exceed surface water ecological risks will be Raccoon Creek have Raccoon Creek flows containment affected tributary 
goals exceeded. AWQC exceeded decreased significantly. off-site sampliog 

Northwest Tributary 
concentrations have 
slowly decreased 

Planned actions meet Planned actions do not meet Low-1999 data Low- exceedances Sump collection None due to low 
AWQC for al1 site·related AWQC illustrate A WQC met io most likely to be short- for mercury. No probability or impact 
contaminants Fifth Creek and WOC lived as iodicated by actions specific to would be considered in 

except for mercury historical exceedances other metals. future decision 
Sampliog 

Soil 
Process knowledge and Contaminated soil extends Low-radiological Medium-cost impact Soil removal Additional soil removal 
existing data are outside known or suspected flyover indicates no if volumes are defined by decision rule 
sufficient to detennine areas of contamination large. undiscovered significant (Fig. 2.34). 
contaminated soil does sources. Site activity 
not extend outside known restricted to within 
or suspected areas of secured areas . 
contamination 

~ 
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Table 2.34. Management of uncertainties", Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

Relative probability of 
Uncertainty Expected condition Potential deviation deviation 

Nature and extent of A single hot spot The large number of Medium--a large 
contaminated deeper requiring remediation pipeline leak sites and the number ofleak/spill 
soils impacting experience gained from the sites need additional 
groundwater Core Hole 8 source action investigation 

suggest the potential for 
multiple locations of highly 
contaminated soil impacting 
grOlmdwater 

Sedimellt 
Presence/absence of Sediment concentrations Sediment contains Medium-existing data 
contaminated sediment are not appreciably l.macceptable contamination col1ected far from 
in areas not planned for differen~ from existing source~ however, the 
remediation data leading contaminant 

("Sr) not typically 
found in sediment 

"Management of groundwater condition Wlcertainties have been deferred to the fmal decision 

AWQC "" ambient water quality criteria 
ORNL = Oak Ridge National Laboratory 
SWSA = solid waste storage area 
woe"" White Oak Creek 

Potential impact of 
deviation Action 

Medium-potential Re~evaluate 

worker and cost selected remedy: 
impacts if nature and evaluate potential 
extent of subsurface alternatives as 
contamination are necessary 
significantly different 
than expected 

Low-sediment Sampling 
doVltlstream is not 
contaminated so area is 
not significant 

.~. 

Contingent action or 
decision rule 

Additional soil removal 
defmed by decision rule 
(Fig. 2.34). Deep soil 
contamination near 
SWSA 3 may be capped 
with extension of 
SWSA3 cap 

Additional sedimeot 
removal defined by 
decision rUle (Fig. 2.35) 



2.12.4.1 Uncertainties and Contingent Actions 

The decision makers recognize that there are unceltainties associated with site conditions and 
remedy effectiveness at specific locations. These are documented in Table 2.34. Uncertainties associated 
with the effectiveness of the selected remedy include (I) whether the actions will suffici~ntly reduce the 
flux of Core Hole 8 Plume contaminants reaching First Creek, (2) whether the actions will be sufficient 
to reduce contaminant flux sufficiently to achieve risk reduction goals at the 7500 Bridge, (3) whether 
actions will meet AWQC, (4) the extent of soil and sediment contamination requiring removal, and 
(5) whether SWSA 3 contaminants that have migrated to groundwater will reach NWT or Raccoon Creek 
in concentrations that exceed remediation levels. 

The following contingent actions have been identified to help manage these unceJtainties: 

• If future surface and groundwater monitoring results indicate that Core Hole 8 Plume contaminants 
are reaching First Creek at concentrations that cause remediation level exceedances (either 
exceedance of recreational risk-based levels in First Creek or contribution from First Creek causing 
the 45% reduction goal at the 7500 Bridge not to be met), a shallow groundwater interception trench 
will be installed parallel to First Creek. 

• If it is determined that the South Area Plume contributes significant 90Sr to surface water, either 
causing an exceedance of recreational risk in White Oak Creek or prohibiting achievement of the 
45% risk reduction at the 7500 Bridge, a shallow groundwater interception trench will be installed 
parallel to White Oak Creek,just south of the SIOU area. 

( 

• If surface and groundwater monitoring results indicate that SWSA 3 contaminants are reaching ( 
NWT or Raccoon Creek at concentrations that exceed A WQC or recreational risk-based levels for 
surface water, shallow groundwater interception trenches will be installed at the appropriate 
locations downgradient of SWSA 3. 

• If the extent of contaminated soil impacting worker protection and contaminated sediment is greater 
than expected, decision rules will be applied (Figs. 2.34 and 2.35). 

• If the scope or cost of the selected remedial action for deep soils impacting groundwater significantly 
increases, the selected remedial action and, as necessalY, potential alternative remedies, will be 
evaluated and a new response action may be developed to address the deep soils in accordance with 
CERCLA and the NCP: If deep soil contamination is found adjacent to SWSA 3, then the SWSA 3 cap 
may be extended to cover the area, if approved by the FF A parties. 

Additional surface water monitoring will be perfOimed throughout the implementation of remedial 
actions to assess surface water quality. No contingent actions have been plann~d to address the potential 
failure to meet A WQC. If A WQC are exceeded after all actions are implemented, additional actions will 
be identified in a future decision for Bethel Valley. 

2.12.5 Cost Estimate for the Selected Remedy 

The cost estimate for the selected remedy is presented in Table 2.35. The total unescalated capital 
cost is approximately $126 million. The present wOlth cost of the selected remedy is $102 million. The 
present worth cost for 30 years of O&M activities is $128 million. The O&M cost includes such 
activities as surveillance/inspections, cap maintenance, monitoring, water treatment, and legal costs 
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Table 2,35. Cost estimate for the selected remedy, Bethel Valley, ORNL, Oak Ridge, Tennessee" 

UDescalated present day (1998) 
$ capital cost 
($ thousaDds 1 

Remedial project Directb Indirect" Total 
Actiolls 

Demolish hot cells (some below grade to remain in place) 31.289 10.621 41.910 
Demolish NE Comer Buildings 2.138 726 2.864 
Demolish Isotope Area Buildings 6.529 2.216 8.745 
Demolish Reactor Area Buildings (some below grade to remain in place) 15.304 5.195 20.499 
Demolish Tank Area Buildings (some below grade to remain in place) 4.316 1.465 5.781 
Demolish .Chemical Development Laboratory Buildings 1.349 458 1.807 
Grout Graphite Reactor (300 I) 467 158 625 

Subtotal building/facility D&D: 61,392 20,839 82,231 
Cap SWSA I and SWSA 3: add soil cover to FWPA and NRWTP debris pile (associated 3.663 1.222 4.885 
S&M includes visual inspection. erosion control. mo\\ing. etc.) 
Remove contents of four tanks and grout tanks: stabilize pipeline and contain bedding 6.971 2.431 9.402 
materials inside main plant area: remove pipeline and contaminated bedding material 
outside main plant area 
Excavate contaminated hot spots in CentraliEast BeUlel Valley (applicable S&M 6.044 2.051 8.095 
includes visual inspection. erosion control. mowing. etc.) 
Remove sediment and floodplain soil at White Oak Creek. First Creek. and Fifth Creek 10.450 3678 14.128 
Remove contaminated soil hot spots in West Bethel Valley and stockpile 2.248 747 2.995 
Groundwater collection/conveyance system for Core Hoh~ 8 Plume and grotUldwater 2.118 793 2.861 
collection/conveyance/treatment systems for existing sumps at tanks and buildings: in 
situ treatment system for the East Bethel Valley VOC Plume: grotuldwater monitoring 
wells (treatment facilities include new treatment/pretreatment facilities and PWTC) 
(associated O&M includes maintenance of facilities and unit treatment costs) 
Well plugging and abandonment 1.266 430 1.696 
Sitewide monitoring (includes sampling and analysis. biological monitoring. and NA NA NA 
maintenance of monitoring facilities) 

Subtotal other remedial actions: 32,760 11,302 44,062 
Actions: unescalated total cost: 94,152 32,141 126,293 

Actions: Dresent worth: NA NA 102,211 
COlltillfUllt actiolls 

Install grotuldwater recovery /conveyance/treatment from trenches at Core Hole 8 Plume 445 157 602 
and South Area Plume 
Groundwater recovery trench and treatment system at Raccoon Creek: grolmdwater 1.699 598 2.297 
recovery trench at SWSA 3: and conveyance to PWTC (associated O&M includes 
maintenance of facilities and unit treatment costs) 

Contio{!ent action totals: 2.144 755 2,899 

~-, 

U nescalated present day 
(1998) $ O&M costs 

($ thousands 1 
Averatie annual 

108 

38 

7.992 

314 

8.452 
8,452 

128,427 

3.114 

2.378 

5,492 
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Table 2.35. Cost estimate for the selected remedy, Bethel Valley, ORNL, Oak Ridge, Tennesseea (continued) 

"The infonnation in this cost estimate summary table is based on the best available infonnation regarding the anticipated scope of the selected remedy. Changes in the cost estimates are likely to 
occur as a result of new infonnation and data collection during the engineering design of the selected remedy. This is an order-of-magnitude engineering cost estimate that is expected to be within +50 to -30% 
of the actual project cost. . 

bOirect cost includes FPSC field activities, gen"era! requirements, waste transportation and disposal. overhead. profit. bond. saleS ta"{. and a 17% site overhead 
rIndirect cost inCludes design engineering, project integration, M&I contract management. predesign sampling and analysis on building D&D and buried waste, and a 17% site overhead on 

indirects. 
dThis is the present worth oftotal O&M assuming 30-year evaluation period. 

D&D = decontamination and decommissioning 
FPSC = fixed-price subcontractor 
FWPA = Fonner Waste Pile Area 
M&I "" management and integration 
NA = not applicable 

NE "" northeast 
NRWTP = Nonradiological Wastewater Treatment Plant 
O&M = operations and maintenance 
ORNL = Oak Ridge National Laboratory 
PWTC = Process Waste Treatment Complex 

S&M = surveillance and maintenance 
SWSA = solid waste storage area 
VOC = volatile organic compound 

.~ 



( (e.g., deed notices, deed restrictions, and zoning notices). The O&M cost does not include landlord 
activities (e.g., road.maintenance), maintenance of infOlmation systems (e.g., databases, repOlts, maps), 
security (e.g., guard patrols), and other land use-related activities that currently exist 01' will be created 
for reasons unrelated to this remedy. 

The infonnation in the cost estimate sununary table, Table 2.35, is generated from cost estimates 
produced during the FS process for Alternatives C-3b and W-5, modified to match the scope of the 
selected remedy and the anticipated duration of construction. The cost estimates were based on the best 
available infOlmation at the time of estimate development regarding the anticipated scope of the selected 
remedy. Changes in the cost elements are likely to occur as a result of new infonnation and data collected 
during the engineering design of the selected remedy. Final costs will depend on actual labor and 
material cost, actual site conditions, productivity, competitive market conditions, action sequencing, final 
scope, [mal engineering design, and other vatiables. Accordingly, [mal costs could vary significantly 
from t~e estimates presented. This is an order-of-magnitude engineering cost estimate that is expected to 
be within +50% to -30% of the actual project cost. 

2.12.6 NEPA Values 

In accordance with DOE Secretatial Policy on NEPA (DOE 1994a), DOE evaluations under CERCLA 
and associated documents incorporate NEP A values to the extent practicable. These NEP A values include 
physical values of ail' quality, water quality, groundwater quality, and ecological resources; 
human-related values of cultural and historical resources, visual and aesthetic effects, socioeconomics, 
environmental justice, and transpOltation; and the overall cumulative and indirect impacts anticipated. 
This summary addresses NEPA values duting and following remedial action (Table 2.36). Another 
important consideration under NEPA is public participation in the decision-making process. The public 
has been involved throughout the CERCLA process for Bethel Valley, as detailed in Sect. 2.3. 

ShOlt-tenn impacts on the human environment will include minor visual impacts; some increase in 
road traffic, and minor local employment impacts. Long-term impacts will include reduction in off-site 
contaminant releases and eventual lessening of access restrictions required to prevent contact with 
radioactive contaminants. Pennanent adverse impacts on the use of the site and surrounding area can be 
expected from leaving wastes and residual contamination in place. 

Cumulative impacts will depend on the extent of other actions on the ORR and the development of 
future land use plans for the ORR. If other sites manage waste in place, the presence of waste in place in 
Bethel Valley will represent only one of a number of contributors to future impacts. If other sites on the 
ORR remove waste rather than managing it in place, tIre relative impact of Bethel Valley on future 
development of the ORR may be more significant. Fuel, bonow soil, and other materials will be used 
directly during remedial action and will constitute an irreversible. and irretrievable commitment of 
resources. 

Many of the buildings to be removed under the remedy are within the ORNL Historic District, 
which has been recommended for inclusion in the National Register of Historic Places under the National 
Historic Preservation Act (NHPA). The Graphite Reactor is a National Histotic Landmark. Adverse 
effects on historic properties will be taken into account, and measures to minimize or mitigate them will 
be evaluated per applicable NHP A requirements. An architectural/historical assessment was perfonned 
for ORNL in 1993. The results of this assessment were submitted to the Tennessee State Historic 
Preservation Officer (SHPO). If any of the buildings to be demolished are listed as historical propelties, 
approval is required from the SHPO. The SHPO must also be consulted regarding measures to mitigate 
adverse effects to historical properties. 
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2.12.7 Remedy Implementatio;' 

2.12.7.1 Sequencing and milestones 

The actual schedule of activities will depend on numerous factors including, funding, logistics, and 
availability 'of resources. Most importantly, activities must be coordinated with the laboratory. 
Regardless, there are relationships that are important between activities in the selected altemative. These 
relationships or logic connections are illustrated in Fig. 2.37, along with how the work could be grouped 
into projects. The sequence of actions shown in Fig. 2.37 is intended only to show that some actions are 
precursors to other projects and to convey a general activity sequence for major activities. Thls figure 
does not attempt to show all aspects of remedial actions in Bethel Valley. Several of the actions are 
dependent on the availability of an on-site disposal facility. Significant demolition and soil removal 
activities will be more' cost-effectively implemented once the EMWMF is constructed. 

In addition, some of the activities, such as the installation of groundwater extraction wells and the 
excavation of deep soils to minimize impacts to groundwater, are dependent on the collection of 
additional infonnation. A post-ROD groundwater engineering design study will be conducted to collect 
infonnation and satisfy data needs associated with the implementation of several re,medial actions related 
to groundwater, including: (1) the deep groundwater extraction at the Core Hole 8 Plume, (2) the in situ 
biodegration at the East End \loc Plume, (3) the groundwater monitoring in West Bethel Valley, and (4) 
the deep soil excavation at known leak sites to minimize impacts to groundwater. Data collected from 
this investigation will supplement data from fonner groundwater and soil characterization efforts and will 
provide the basis for the groundwater and deep soil remedial actions. 

Before contaminated soil can be effectively excavated, the buildings should be demolished. To 
minimize the potential for recontamination of sediments, the sediment and floodplain soils should be 
removed after the mercury-contaminated sumps have been addressed and after the disposal areas near 
White Oak Creek (SWSA I, etc.) are capped and covered. 

In West Bethel Valley, contaminated surface soil will be excavated and may be used as contouring 
fill for the cap on SWSA 3. Then the cap will be constructed along with the upgradient diversion 
trench. Concurrent with these tasks, the soil cover on the Contractor's Landfill will be upgraded. 
Groundwater monitoring needs to begin before the cap is constructed in order to measure the impacts the 
actions have on the groundwater. This infonnation supports the final groundwater decision. 

Activities such as Tl, T2, and HFIR tanks contents removal and tank grouting and grouting of the 
pipelines are fairly independent of other activities. More predesign work is needed prior to initiating these 
activities. 

Figure 2.37 also shows the currently anticipated fiscal year dates for completion of selected major 
activities. All remedial actions included in this ROD cUtl'ently are projected to be completed by fiscal 
year (FY) 2014. The exception is remediation of inaccessible soil (defmed under "Soil Removal" in 
Sect. 2.12.2); removal of the contaminated soil would be delayed until the active structures blocking 
access have become inactive and are removed. Pursuant to Sect. XXXVIII of the FF A, DOE shall take all 
necessary steps to obtain sufficient funding for activities required by this ROD. This is to be 
accomplished, as set forth in that section of the FF A, tlu'ough consultation with EPA and TDEC and the 
submission of timely budget requests. However, schedules for completion of projects, as set fOl1h in 
Fig. 2.37, are planning dates only and are not considered to be enforceable elements of the selected 
remedy. The enforceable milestones and nonenforceable FY + 3 milestones for performance of remedial 
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( Table 2.36. NEPA values, Bethel Valley, ORNL, Oak Ridge, Tennessee 

NEPA value Definition hnpacts associated with selected remedy 
Air quality Cleanliness of air measmed by pollutant level Standard dust-control practices ",ill prevent significant releases of 

relative to reguJatory standards or guidelines airborne contaminants during action. Minor emissions from 
equipment used for construction and transportation can be expected. 
No potential exists for any lon~-tenn impacts on air quality. 

Surface water Condition of surface waters of the state relative to Current exceedences of A WQC area anticipated to cease in a 
quality AWQC. Residual risk from contaminated media reasonable amoWlt of time. Minor impacts to surface water may occur 

associated with surface water during remedial action. Some floodplain media will continue to 
remain radioactive and will present risk to a recreational user for 
approximately 170 years. 

GroWldwater Condition of groundwater relative to EPA-specified Source control actions will mitigate further adverse impacts to 
Iqoali.tL lllRXllUUll contaminant levels grotUldwater in tll~eneral extent of contamillation in Bethel Valley. 
Ecological Ecological health measured by reduction in In the short tenn. actions at the site will destroy some terrestrial, 
impacts populations of indicator species, impacts on an floodplain. and aquatic habitat and dishrrb adjacent areas, In the long 

individuat level to indicator or specially designated tenn.. health of ecological receptors on a population level will 
i species, and by general biodiversity I improve. 

Cultural and Impacts to materials of special cultural interest, Many oftite buildings (including the Graphite Reactor) subject to 
historical graveyards. or structures eligible for listing on tite remedial action are located within the ORNL Historic District and. 
resources National Register of Historic Places therefore. adverse effects will be taken into aCCOlUlt. Removal of some 

ofthese contributing stmctures could lessen the visibility and, hence. 
relative historical ll!lp()rtance within the district. 

Visual and C1J.anges in the skyline or appearance of an area. The area is currently visible mainly from access roads and adjacent 
aesthetic effects especially with regard to the aesUtetics of the area ridges. Short·tenn visual llnpacts will be minor. In the long tenl1. 

should areas adjacent to the controlled area be opened for public use. 
the controlled and maintained waste areas will represent a continuing 
visual impact. Removal of old facilities and capping with grass cover 
'\-vill enhance visual effects. 

Socioeconomic 01anges in the employment profile. population. Remediation workers willlike1y be drawn from the local ,"'Ork force. 
impacts total wage base or other economic elements of work generating a mmor positive impact in the short tenn. Negligible long-

and life in the affected area tenn employment may result from monitoring and implementing long-
tennland use controls. 

Euvirorunental The fair treatment and meaningfbl involvement of No specific low·income or minority population as defined llllder EO 
justice impacts· all people regardless ofrare. color. national origin. 12898 exists in the vicinity ofBetitel Valiey. Action is expected to 

or income with respect to the development. reduce releases to the environment on·site and envirotuuental justice 
implementation. and enforcement of environmental concerns are not likely. 
laws. re~lations. and policies (see EO 12898) 

Transportation Potential impacts include road damage. dismptioll Estimates based on state road accident statistics indicate that <1 
impacts of current and ihture transportation. emissions of accident should occur during remedial action. No long·terrll impacts 

dust and exhaust. and injuries or death from are anticipated. 
accidents 

Irreversible and Some resources, such as file} or soil. callnot be The resource represented by the waste sites in Bethel Valley will 
irretrievable replaced once used hI an action or committed to a conthme to be committed to waste disposal and will not be useful for 
commihnent of perrnanent use other purposes. Fuel. borrow soil. and other materials will be directly 
resources used during remedial action. 
OUllulative hnpacts that result from the lllcretnental impact of a lhe overall cwnulative hnpact during and after remedial action will 
impacts proposed action added to other present. past. and depend 011 other actions that may occur at the same time. Action at 

reasonably foreseeable future actions Bethel Valley will contribute to transportation and socioeconomic 
impacts hI the short tern1. Excavations at the borrow area will 
contribute to overall loss of habitat. Remediation of Bet he! Valley 
should contribute to the overall desirability ofORNL for 
redeveiopmetlt. 

Indirect hupacts 1mpacts that accnte as a peripheral result of direct TIle primmy indirect hupact could be changes to land use on the ORR 
actions but are reasonably foreseeable as a result of redevelopment. 

"The specific indicator species to be used to monitor the health of ecological species are dependent upon the location to be addressed and the remedy 
selected Therefore, the specific species crumm be listed here, Hov,'ever, these species may include aquatic andlor terrestrial species such as benthic 
organisms. fish. soil invertebrates. and wildlife (e,g., shrew. mouse, otter. mink. etc.). 

AWQC = ambient water quality criteria 
EO = Executive Order 
EPA = U.S. Environmental Protection Agency 
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actions for sites included in this ROD are set forth in Appendix E and Appendix J of the FF A; 
respectively. Any additional milestones, timetables, or deadlines for sites included in this ROD will be 
identified and established independent of this ROD, in accordance with the existing FF A protocols. 

2.12.7.2 Performance objectives 

The selected remedy for Bethel Valley was summarized earlier in Figs. 2.26 and 2.27. Each 
component action in the selected remedy contributes in some way to meeting the RAO for Bethel Valley. 
The roles of each major action in fulfilling the RAO and required performance of the major actions are 
outlined in Table 2.37. Performance requirements included for the major actions show the level of 
protectiveness required for the actions to meet the overall RAO and protection goals. 

2.12.7.3 Remediation levels 

General 

Remediation lev~ls establish the permissible risk, concentration, or exposure level of contaminants 
at a site that must be achieved by the completed remedy. Remediation levels for remedial actions under 
CERCLA are developed principally using site-specific risk assessments and ARARslTo Be Considereds, 
but may also consider any of the nine CERCLA criteria specified in the NCP. All remedial actions at 
CERCLA sites must be protective of human health and the environment and comply with ARARs unless a 
waiver is justified. ARARs are often the determining factor in establishing remediation levels at CERCLA 
sites. However, where ARARs are not available or are not sufficiently protective, site-specific risk assessments 
are used to develop remediation levels for (1) carcinogens at a level that represents an ELCR to an 
individual of between 10.4 and 10.6; and (2) noncarcinogens such that the cumulative risks from exposure 
will not result in adverse effects to human populations, incorporating an adequate margin of safety. 

During andlor at the end of remedy implementation, data are collected and analyzed to measure whether 
the remedy has attained the remediation levels in the ROD with an acceptable level of confidence. 
Documentation of remediation level attainment for Bethel Valley will use statistical methods to provide a 
quantitative estimate of the probability that the residual risk or exposure in an area does not exceed the 
respective remediation level. Statistical methods also provide for specifYing (controlling) the probability 
of making decision errors. 

To estimate risk or exposure in a particular area, an estimate is needed of the concentration of the 
substance that is present. Under cun'ent EPA guidance for risk assessment, the average concentration is 
the value to be used in such estimation. Because only a [mite number of samples can be taken, the 
average concentration cannot be detennined precisely. For this reason, EPA requires that a 95% upper 
confidence limit (UCLos) on the arithmetic average concentration be calculated to estimate concentrations 
used in risk assessments. The VCL95 of the average concentration is the value that, when calculated 
repeatedly for randomly drawn subsets of area data, will equal or exceed the true average 95% of the 
time. An exception to the general gnideline for nsing a UCLos for the average concentration is when 
multiple surface water samples are taken from a continuons sampler. In this case, the continuous sampler 
adequately averages the concentration over the sampling period; therefore, an arithmetic average of the 
concentrations measUl"ed in the multiple samples is acceptable. 

The remediation levels for (1) surface water, (2) soils and sediment, and (3) structure sUl"faces in 
Bethel Valley are discnssed in the following subsections. 
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Activity " Anticipated 
Description Completion 

CBV Shallow Groundwater 1/05 
CollectionlTreatment 
Sysem 

,---- -
__ _ ¥~(ou~te:.!~8d~Trea~~ _ __ ____ _ _ ____ ____ ___ _ _ 

,....---------." Unneeded Well P&A 5/04 
I I I I - -. 

Conduct groundwater Inslall CBV shallowgroundwaler Install in situ Install groundwaler extraction I I P&A unneeced EBV In Situ Groundw~r I enginering design sludy system and treat mercury bioremediation treatment syslem lor Corehole 8 plume Install monitoring Wells wells I 2/06 
I 

contaminated sumps lor EBV VOC ~ume I I I Treatment System 
'-.._- - ----- - -- - -- ----- - --------- ---- --- - -- ' , _______ . ..1 

Core hole 8 Plume 3/06 
Extraction System 

- - -- _ . ----- ......... .------ --.... D&D Northeast Corner 3/07 - - - - - -.... --- - - - - -... ,- - - - - - - - - - - - -.... 

I '0&0 Northeasl II I '0&0 Chemical I I I b&o Isolope laciliUes I I '0&0 Isolope I I I Sla~lize .1 1 I 
, l'lf' I' Facilities 

I 0&0 Tank ArGa 0&0 Reaclor / 0&0 currenlly / I Corner ladlities I I Oeveloflffienl Lab I I (Bldg 3026C&0) I I Area lacilities I I Graphile Reaclor I ladlilies I I Area lacililies I active facilities D&D Chemical 8/07 I I I laclhlles I II I I I I II I , 
Development Lab Facilities -- 1--- -- r -- ' ---r-- - ---.--- '"---- - - ---r- -- - - -.-~ - ~ 
D&D Isotope Facilities 12/07 
(Bldg. 3026 C&D) 

) 

r Buried Waste Containment Pipeline Groutingl 2/08 
--- ---- - ----- -, Removal 
I 

Install soil cover on I 
I FWPAlNRWTP --·Inslallcap·on I Buried Waste Containment 7108 SWSAI I debris pile I 

!l-'~'~'h 
D&D Isotope Area 9/08 I I 

I Excavate conta minated Insla ll capilrench I 10 tank S424 in lank Facilities 
I s,;1 around SWSA 3 al SWSA3 I 

/ vault become inactive 

D&D Tank Area Facilities 12/08 I I ----- --- ) 

I ----- --
I I Remove remaining conlenls I I D&D Reactor Area 7109 Verily/upgrade soil I 

I cover al Conkactor's I 
I and groul S·424 I Facilities . 

I Landfill '-I l _ __ __ __ J Soil/Sediment Removal 9/14'" 

r Stabiliz8tion of Tanks n, T2, andHFIR ~ Pipelines GrorJtinglRerooval -, 
~-- ----- - - --- --- --~ ------ ------- --- -- ---- ) r &iVSedimenl Removal 
I Remove. keal. and dispose II Groullanks and piping. v~lve I I 

Groul inactive I ~.,g bedding II Groul valve II Remove pipelines a I I r---- - ------- -- -----
I of remaining contents Pits, and eq~lpment associated I I pipelines malerial pits outside main plant area J I 'Removelcove8 ' Remove Oood&in soils and I wllh lanks -
\.. _------- ) I 

-------- --- -- - - _ / 1-+ -"".'.~ ... _"" "M"'" I ------- prolecl worker _ Firsl Creek/Fifth Creek I 
I , -- '" . I 4 Remove soil J 

t, affecting groundwaler " I 
I ) 

• '- - - - - - - -- ---- - -- ---Assumes availability of EMWMF .. Anticipated completion dates (submittal of Dl PCCR) are planning dates only and are not enforceable elements of the selected remedy , 

... Completion date is for accessible soil; inaccessible soil will be remediated when active structures have been removed. 

n 

Legend Fig. 2.37 
, 

~-\ 
Remedial project D Remedial task CONSTRUCTION lOGIC FOR SElECTED REMEDY' l __ -' 

Notes: DOE · Bethel Valley· OAk Ridga, Tennes.s.e 61.QSl601·102C 

---1 Logic connection L7 ACtiVit, not in W Length of activity box does not imply duration of activity 
Oocumenlld: 35H830 Drawing Id: I Drawing dale: scope 0 decision All activities must be coordinated with plant opera!ions 013940lFS 61 ·051601-102 C May 16. 2001 

) 
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Table 2,37, Perrormance measures ror major aclions in Bethel Valley, ORNL, Oak Ridge, Tennessee 

Performance measure 
Performance objective (demonstration of 

Waste type Unit Remedial actions (protection (!oals) effectiveness) 
Facilities Multiple Remove facilities to grade. Protect human health for Contamination removed to 
(buildings and structures Remaining structures at or below industrial use; minimize further protect industrial worker to 
appurtenances) grade will undergo decontamination impacts to groundwater 0.6 rn (2 fi) or J rn (10 fi) . 

and stnbiliz<ltion or removal Loose contamination in 
depending on cost effectiveness and subsurface removed to the 
underlyin.1{ soil contamination exlent practicable 

Graphite Reactor Stabilize Graphite Reactor core Protect human health for Negative pressure in 
building industrial use and visitors building interior no longer 

needed 
Buried waste SWSA I Install a cap Protect human health for Entire area of buried waste 

controlled industrial use; covered by cap; infiltration 
minimize further impacts to limited byeap 
Igroundwater 

Former Waste Install andlor maintain soil cover Protect human health for All debris and contamination 
Pile Area controlled industrial use above remediation levels 

covered 
NRWTP Debris Install andlor maintain soil cover Protect human health for All debris and contamination 
Pile controlled industrial use above remediation levels 

covered 
SWSA J Install multilayer cap and Protect human health through Entire area of buried waste 

upgradient surface water and access controls; minimize covered by cap designed to 
groundwater diversion trench further impacts to groundwater meet relevant RCRA 

landfill cover requirements; 
stable or decreasing surface 
water concentrations; stable 

roundwater concentrations 
Contractor's Install and maintain soil cover Protect human health through All contamination above 
Landfill access controls remediation levels covered 

frank sludge Tank contents Remove sludge and liquid from Minimize further impact to Sludge removed to the 
and linings S-424, T-I, T-2, and HFIR Igroundwater extent practicable 

Tank shells Fill the four tanks with grout Minimize further impacts to Tanks filled to the extent 
;groundwater Ipracticable 

Inactive LLLW Inside main plant Stabilize pipelines and add trench Maintain surface water Surface water goals met. 
pipelines <lrca barriers recreational risk-based limits; Pipelines filled to the extent 

achieve al least 45% risk practicable 
reduction at 7500 Bridge; 
minimize further impacts to 
round water 

Outside main Remove pipelines and contaminated Protect human health for Meets remediation levels to 
plant area bedding material (estimated at 1000 unrestricted industrial usc Jm(IOIi) 

lin m (4000 lin fi) 
Contaminated Main plant area Remove contaminated surface soil Protect human health for Meets remediation levels to 
soil impacting [estirnated at 9000 rn' (12,000 yd')]. controlled industrial use 0.6 rn (2 fi). Substitutions 
worker Up to 10% of area may be covered. of covers for removal 
protection determined on a case-by-

case analysis during design 
Outside main Remove contaminated soil to 3 m Protect human health for Meets remediation levels to 
plant area (10 fi) [estimated at 500 m' (700 unrestricted industrial use J m (10 fi) 

d')l 
VicinityorSWSA Remove soil [estimated at Protect human health for Meets remediation levels 
J (multiple 17,500 m' (22,900 yd')] unrestricted use 
contaminated 
locations) ) 
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( Table 2.37. Performance measures for major actions in Bethel Valley, ORNL, Oak Ridge,Tennessee (continued) 

Performance measure 
Performance objective (demonstration of 

Waste type Unit Remedial actions (protection 20als) effectiveness) 
Contaminated BeUlel Valley Remove contaminated soil Minimize further impacts to No soi} above trigger levels 
soil impacting [estimated at 1500111' (2000 yd')] groundwater and not contributing above 
~oundwater 10.4 industrial risk from 

!groundwater 
Sediment and White Oak Creek, Remove contaminated sediment to iAchieve recreational risk-based Meets remediation levels 
poodplain Wirst Creek, and depth of deposition and floodplain limits in sediment, achieve at and resldts in healthy benthic 
soils Fifth Creek soils to a maxinllull depth of 0.6 m least 45% risk reduction at invertebrate populations. 

(2 ft) [estimated at 13,500 m' 7500 Bridge (primarily Il7Cs): Meets surface water goals 
(17,600 yd')] protect human health for of at least 45% risk 

controHed industrial use; protect reduction at 7500 Bridge 
reach-level benthic invertebrate 
populations 

GrOlmdwater Core Hole 8 Plume fExtract growldwater from four Prevent grOlUldwater from Controls plume growth; 
we11s and from sumps at seven causing surface water collect highly contaminated 
stonnwater junction boxes exceedances (at least 45% risk grOlmdwater to extent 
[estimated at combined rate of reduction at 7500 Bridge): practicable; effluent meets 
380 Llmin (100 g~l/mill)] minimize further impacts to surface water goals and 

groundwater lant NPDES peOlut 
'XlSr-contaminated Pump from 27 existing sumps Prevent groundwater from Streams meet surface water 
sumps [estimated at combined rate of causing surface water goals (recreational risk and 

306 Llmin (81 gal/min)]: continue exceedances (recreational risk- at least 45% risk reduction 
to treat to remove 90Sr based levels and at least 45% at 7500 Bridge); effluent 

risk reduction at 7500 Bridge) neets surface water goals 
and plant NPDES pennit 

Mercury- Pump from four existing sumps at Prevent groundwater from Streams meet A WQC in 
contaminated a combined rate of34 L/min causing surface water surface water: effluent 
sumps (9 gal/min): add treatment to exceedances (meet A WQC) :meets surface water goals 

emove mercun' and plant NPDES pennit 
VOC Plume Implement enhanced in situ Minimize further impacts to Biodegradation OCCllfS al)d 

~naerobic bioremediation groundwater reduces VOC mass and 
concentration 

WellP&A Grout obsolete or poor quality Protect human health for the No unacceptable risk to 
monitoring wells and piezometers specified industrial use: workers. Consistent with 
and abandon in place (estimated at minimize further impacts to IDEC plugging and 
229 weBs); in areas designated for groundwater abandonment standards 
unrestricted industrial or [1200-4-6-.09(6)] 
unrestricted use, remove to depth 
of3 m (10 ft) 

P&A = plugging and abandonment A WQC = ambient water quality criteria 
LLLW= liquid Jow-Ievel (radioactive) waste 
NPDES = National Pollutant Discharge Elimination System 
NR\VfP = Nonradiological Wastewater Treatment Plant 
ORNL = Oak Ridge National Laboratory 

RCRA = Resource Conservation and Recovery Act of )976 
Sr = strontium 
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Remediation levels for surface water 

Remediation levels for surface water are established for each of the three surface water protection or 
remediation goals stated in the RAO (Sect. 2.8.2). These three goals and a brief explanation of their 
origin are given below: 

1. Achieve AWQCfor designated stream uses in all waters of the state. White Oak Creek is classified 
for Fish and Aquatic Life, Recreation, and Livestock Watering and Wildlifo uses, but not for Domestic 
01' Industrial Water Supply or Irrigation. All other named and unnamed surface waters in the valley 
are also classified for In'igation by default under the Rules of the TDEC Chap. 1200-4-4. Both numeric 
A WQC and narrative criteria for the protection of human health and aquatic organisms will be met. 
Numeric A WQC exist for selected compounds under the Recreation and Fish and Aquatic Life use 
classifications. Consistent with EPA guidance, compliance with numeric A WQC for Recreation and Fish 
and Aquatic Life classifications is sufficiently stringent to ensure protection of other uses for which 
there are narrative, but not numeric, criteria (i.e., Irrigation or Livestock Watering and Wildlifo). 

2. Maintain surface water risk below the recreational risk-based limit of 1 x 10.4
• This goal is a more 

explicit statement on how the narrative criteria portion of the A WQC goal described above will be 
achieved for Bethel Valley. The CERCLA risk assessment process is used for quantifying remediation 
levels to address the narrative A WQC for recreational use. 

3. Achieve at least 45% risk reduction in surface water exiting Bethel Valley. TIlls goal is a direct corollary 
of a goal in the Melton Valley watershed ROD (DOE 2000c) to protect an off-site resident user of sUlface 
water within 10 years from completion of actions in Melton Valley and Bethel Valley. To protect the 
off-site resident, the Melton Valley watershed ROD established remediation levels at the confiuence of 
White Oak Creek with the Clinch River to achieve an annual average ELCR of I x 10.4 and an HI of 1 for 
a residential e)<posure scenario (i.e., general household use). The Melton Valley watershed FS 
(DOE 1998c) estimated that the risk at White Oak Dam was 6.4 x. 10" ELCR under a hypothetical 
residential scenario and 1994 baseline conditions. Of this total risk, Bethel Valley contributed 
apprOlomately 20% (1.3 x 10" ELCR), primarily in the form of 90SI' and J37Cs. Assummg the Melton 
Valley remedy achieves at least an 82% reduction of the Melton Valley contribution to the risk at White 
Oak Dam, then Bethel Valley must achieve at least a 45% risk reduction in sutface water eJtiting Bethel 
Valley to meet the Melton Valley watershed ROD goal of protecting the off-site resident. 

Remediation levels for the three goals are sUl11l11arized in Table 2.38 and explained in more detail in 
the following three subsections: Numeric A WQC, Narrative Criteria, and Risk Reduction for Off-Site 
Releases. The surface water remediation levels will be met within 10 years from completion of source 
actions in Bethel Valley. 

Numeric AWQC. The Bethel Valley RllFS noted numeric AWQC e)<ceedances for cadminm, 
chromium, copper, iron, and mercnry in White Oak Creek, First Creek, and Fifth Creek (DOE 1999a). 
However, A WQC will be met for' all site-related contaminants in all waters of the state. The numeric 
A WQC for (1) Fish and Aquatic Life and (2) Recreation (organisms only) use classifications are 
tabulated in Rules of the TDEC Chap. 1200-4-3.03. Compliance will be based on statistically valid data 
assessments. The initial sampling locations proposed for detel1llining compliance were shown previonsly 
in Fig. 2.36; these sampling locations will be fmalized in a post-ROD sampling plan. The locations are 
generally at the downstream end of individual reaches but before any confluence with other major 
streams. Samples taken from such locations would essentially integrate contamination entering the reach 
from any sources upstream of the sampling location. 
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( Table 2.38. Surface water remediation levels for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Bethel Valley Numeric A WQC Narrative criteriaQ Risk reduction for off-site releases 
Receptor Hypothetical recreational Hypothetical recreational Hypothetical off-site resident 

user; fish and aquatic life user 
Areas affected All waters ofthe state All waters of the state Confluence of wac with the Clinch 

River 
Anticipated See Fig. 2.36 See Fig. 2.36 (remediation 7500 Bridge or equivalent integration 
compliance levels are applied to point 
locations selected reaches') 
Remediation Levels established in Rules Annual average ELCR Surface water risk (based on 90Sr and 
level of the TDEC Chap. 1200- < I x 10'" and H1<1 I37Cs only) will be at least 45% less 

4-3-.03 than the 1994 baseline 
Exposure NA (numeric criteria Hypothetical recreational Hypothetical residential (i.e., general 
scenartos tabulated in regulation; no wading for waters of the household use) scenario at confluence of 

separate calculation using state (the exposure wac with the Clinch River translated 
exposure scenarios needed) scenario does not include to a risk reduction of at least 45 percent 

fish ingestion) in surface water exiting Bethel Valley 
(i.e .. 7500 Bridge) from a 1994 baseline 

a Unacceptable risks in surface water do not exist in Bethel Valley based 011 the RIlFS analysis. If unacceptable risks are 
encOlllltered in the future. then the narrative criteria will be achieved by developing remediation levels based on a hypothetical 
recreational receptor. 

b Surface water reaches: First Creek, Fifth Creek, Northwest Tributary, Raccoon Creek. \VOC between 7500 Bridge and 
First Creek, wac between First Creek and Fifth Creek. and wac above Fifth Creek. 

A \VQC = ambient water quality criteria 
ELCR = excess lifetime cancer risk 
FS ~ feasibility study 
III = l1azard index 

NA ~ not applicable 
RI = remedial investigation 
TDEC = Tennessee Department ofEnviromllent and Conservation 
wac ~ White Oak Creek 

Narrative Criteria. The CERCLA risk assessment process is used to address the nanative criteria 
for waters of the state. A recreational risk scenario considered representative of the surface water use 
classifications is used to calculate cumulative risk fi'om measured concentrations of surface water contaminants 
or, conversely, to derive allowable concentrations from risk-based limits. 

Based on the human health risk assessment in the Bethel Valley RIlFS (DOE 1999a), no waters of the 
state exceeded recreational risk-based limits. Therefore, no surface water risk-based cacs were 
identified for which allowable concentrations need to be derived at this time, However, if in the course of 
periodic surface water monitoring, consistently unacceptable recreational risks are found and new 
significant cacs are identified, then the risk assessment process will be used to derive allowable 
concentrations for the new·surface water cacs. 

Waters of the state must achieve an arumal average ELCR less than I x 10·' and an HI less than 1 for 
a recreational exposure scenario, This goal applies only to surface water and only to those cacs, such as 
radionuclides, that do not have numeric A WQC. The numeric A WQC for individual contaminants is 
generally equivalent to risk levels ranging up to 10.5• The mmual average risk goal of I x 10" meets the 
intent of the A WQC because, when mUltiple contaminants are present in the surface water, their 
individual risk levels would be roughly equivalent to the A WQC-equivalent risk of 10·', A lower risk 
goal could require individual contaminant risks to be below the A WQC-equivalent risk of 10'" 

Under this RaD, the recreational scenario is defl11ed as a wading scenario in the streams. It does not 
include fishing because the streal,11s are too small to supp011 fishable fish. The initial sampling locations 
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proposed for determining conformity with these levels are shown in Fig. 2.36; these sampling locations will ( 
be fmalized in a post-ROD sampling plan. The locations are at the downstream end of individual reaches 
(i.e., First Creek, Fifth Creek, NWT, Raccoon Creek, White Oak Creek between 7500 Bridge and First 
Creek, White Oak Creek between First Creek and Fifth Creek, and White Oak Creek above Fifth Creek) but 
before any confluence with other major streams. Samples taken from such locations would essentially 
integrate contalnination entering the reach from any sources upstream of the sampling location. 

Risk Reduction for Off-Site Releases. Surface water exiting Bethel Valley must achieve at least 
45% risk reduction from a 1994 baseline. This 45% risk reduction will be based on the combined risk 
from 90Sr and 137Cs, the two principal risk contributors, and is in addition to that reduction attributable to 
radioactive decay from 1994. The 45% reduction in total residential ELCR must be achieved within 
10 years from completion of source actions selected in this ROD in Bethel Valley. 

Samples to demonstrate compliance with the 45% risk reduction will be taken at the 7500 Bridge or 
equivalent integl'3tion point. If the continuous samplers are used at the 7500 Bridge, as expected, 
averages of the measured concentrations rather than the VCL9s will be used for the average concentration 
parameter in the risk calculation. 

Remediation levels for soil and sediment 

The soil and sediment remediation goals stated in the RAO (Sect. 2.8.2) are as follows: 

1. Protect human health for (a) controlled indllsh'ialuse in ORNL's main plant area. (b) unrestricted 
industrial use in the remainder of the ORNL developed areas, (c) recreational use in SWSA 3 and 
the Contractor's Landfill area, and (d) unrestricted lise in the undeveloped areas; all to arisk level 
of 1 x }O"". 

2. Achieve the sediment recreational risk-based limit of 1 xl 0'". 

3. Protect reach-level populations of aquatic organisms. 

4. Control releases frolll contaminated soil to minimi=e fi/rther impacts to groundwater. 

To accomplish these goals, both average remediation levels and maximum remediation levels for soil 
and sediment are established for specific exposure units. The tenns "exposure unit," "average remediation 
level," and "maximum remediation level" are defined.below: 

• Exposure unit----ffi1 area over which compliance with the remediation levels would be demonstrated or 
verified after remediation has been completed. An exposure unit is the geographical area (e.g., surface 
water reach or land area) in which an anticipated receptor may move about and be exposed to a 
contaminated medium during the period of the exposure duration. Receptors are typically assumed 
to exhibit random movement such that there is an equal probability of contacting any area within the 
exposure unit. The size ofthe exposure unit is appropriate for the receptor being considered. 

• Average remediation levei----fl risk (or equivalent) limit not to be exceeded by the residual risk calculated 
for the exposure unit. The risk limit would lie within EPA's acceptable risk range of 10.6 to 10-4. The 
residual risk calculated for the exposure unit would be based on appropriate data and statistical principles. 

• Maximum remediation leve\-{l risk (or equivalent) limit not to be exceeded by the risk determined for 
any patiicular location or hot spot (e.g., small contaminated surface area) within the exposure unit. 
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( 
Contaminated sediment 01' soil within an exposure unit will be remediated such that the residual risk 

within that exposure unit is at or below the con'esponding average remediation level, and the maximum 
hot spot risk is at or below the corresponding maximum remediation level. The soil and sediment 
remediation levels will be achieved upon completion of all accessible remediation identified in this ROD. 
Given that the principal COCs are gamma emitters, characterization and verification protocols will maximize 
use of direct-reading field instruments (e.g., radiation walkover surveys, in situ gamma measurements) 
and limit sampling to the extent practicable. 

Derivation of radionuclide concentrations to meet a specified risk limit in sediment or soil will consider 
both radioactive decay and ingrowth of daughter radionuclides over the exposure dmation. The rate of 
radioactive decay is a fixed physical characteristic of each radionuclide. The simplistic assumption in risk 
calculations that the receptor is always exposed to a constant radionuclide concentration in the sediment or soil 
over the entire exposure duration would be excessively conselvative and, ,Iepending on the half-life of the 
radionuclide, could result in a derived concentration that corresponds to a risk level far below the risk limit. 
Therefore, decay will be included in the risk calculations. Similarly, any ingrowth of radioactive decay 
products over time will be included, particularly for cases where radioactive daughter products are more 
radiotoxic than the parent radionuclide, to ensure that the receptor would be protected to the selected risk limit. 

Remediation levels were determined for each of several Bethel Valley remediation areas: the 
industrial areas (both controlled industrial and unrestricted industrial), the recreational (streambed 
sediment) area, and the unrestricted (undeveloped) area. These remediation levels are summarized by 
remediation area in Table 2.3~ and discussed in more detail in the subsections below. Soil trigger levels 
for reducing impacts to groundwater are also discussed in this section. Remediation levels were not 
detelmined for the passive recreational area encompassing SWSA 3 and the Contractor's Landfill 
because these waste units will be capped or covered over with clean fill material. 

Controlled and Unrestricted Industrial Areas. The intent of remediation in these areas is to 
protect the industrial worker (exposure frequency of2000 hours/year and exposure duration of25 years). 
The remediation levels for the controlled and unrestricted industrial areas are identical except for the 
prescribed depth of cleanup addressed later in this section. 

As shown in Fig. 2.38, the controlled industrial area is composed of foul' exposure units located in 
the main plant area: the 2000 North Area, the 2000 South Area, the 3000 North Area combined with the 
northwest corner of the 4000 Area, and the 3000 South Area combined with the western portion of the 
4000 Area. These exposure units range in size fi'om approximately 19 to 43 acres (or 9 to 25 acres excluding 
building mid pavement footprints). The unrestricted industrial area is composed of five exposure units: 
one exposure unit encompassing the 1000 Area on the west side of the main plant, and foul' units 
encompassing the 4000 through 7000 areas in the eastern portion ofthe plant. These exposme units range 
in size from approximately 32 to 50 acres (01' 13 to 22 acres excluding building and pavement footprints). 

The residual cumulative ( aggregate) risk within an exposme unit in the industrial area will not 
exceed the average remediation level of I x 10" ELCR and an HI of 1. The risk will generally be based on 
direct contact routes of exposure: incidental ingestion, inhalation of particulates (and/or vapors), dennal 
contact, and external exposure. The exposme unit risk limit of 1 x 10" ELCR was established at a level 
incrementally higher than the estimated background risk of approximately 1 x 10" ELCR, the lowest risk 
level technically feasible. The maximum remediation level for any individual location within the exposure 
unit is based on an exposure of 200 hours/year, one-tenth the exposure frequency of the average 
remediation level. 
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Table 2.39. Soil and sediment remediation levels for Bethel Valley, ORNL, Oak Ridge, Tennessee 

Controlled and unrestricted 
industrial areas Recreational area Unrestricted area 

Bethel Vallev area (ORNL main plant area) (streambed sediments) (undeveloped areas) 
NlUnber of exposure Controlled industrial: 4 units; 7 unitsa NA. One-acre exposure units 
units unrestricted industrial: 5 lullts used where contamination above 

(see Fig. 2.38) remediation levels is discovered 
Receptors Industrial worker Hypothetical recreational Hypothetical residential receptor 

receptor; aquatic life 
Exposure frequency 2000 hours!year 75 hours!year for 8760 hours!year 

recreational receptor 
Target contaminants All significant COCs Human health COCs: all All significant COCs 

(predominantly 137 Cs and significant COCs (predominantly 137 Cs and 6OCo) 
.oCo) (predominantly mCs) 

Ecological COCs: Hg, Ag, 
Zn, Cd. PCBs, PARs 

Average remediation ELCR - I x 10", m - I For multiple human health ELCR-I x 1O",m-1 
level not to be COCs: ELCR ~ I x 10", 
exceeded for the m ~ I; for the principle 
exposure unit COC (I37Cs): 

ELCR ~ I x 10". 
For COECs: selected 
ecological benchmarks 

Concentrations See Table 2.40 for Human health COCs: See Table 2.42 for 
corresponding to concentrations see Table 2.41 for concentrations 
average remediation concentrations 
level 

Ecological COCs': 
Hg at 0.7 mglkg (PEL) 
Ag at 1.8 mglkg (PEL) 
Zn at 270 mglkg (PEL) 
Cd at 4.2 mgikg (PEL) 
PCBs at 0.18mglkg (PEL) 
PARs at 4 mgikg (ER-L) 

Maximum Ten times the average Ten times the average Ten times the average 
remediatiollievel not remediation concentration remediation concentration remediation concentration 
to be exceeded at (assumes an acute exposure to (assumes an acute exposlU'e (assumes an acute exposure to a 
individual locations a receptor of200 hours!year) to a receptor of receptor of876 hours!year) 

7.5 hours!year) 
Maximum depth of Controlled industrial: 0.6 m Depth of deposited Bedrock or the groundwater 
remediation (2 ft) sediments table, whichever is reached first 

Unrestricted industrial: 3 m 
(lOft) 

a Exposure units for streambed sediments are defined in tenns ofthe following stream reaches: First Creek. Fifth Creek. 
Northwest Tributary. Raccoon Creek. \VOC between 7500 Bridge and First Creek, 'VOC between First Creek and Fifth Creek. 
and wac above Fifth Creek. 

OllIe ecological COCs and the relevance of their ecological benchmarks to cleanup will be substantiated by biomonitorillg. 

COC = contaminant of concern 
COEC = contaminant of ecological COllcem 
EDE = effective dose equivalent 
ELCR = excess lifetime cancer risk 
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ER~L = effect range ~ low 
HI = hazard index 
NA ~ not applicable 
ORNL ~ Oak Ridge National 

Laboratory 
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PAH = polycyclic aromatic hydrocarbon 
PCB ~ polychlorinated biphenyl 
PEL ~ probable effects level 
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Soil remediation concentrations that correspond to the average remediation level for the industrial 
areas in Bethel Valley are shown in Table 2.40 for individual COCs. For example, soil remediation levels 
for Il7Cs and 6OCo are 14 pCi/g and 7.1 pCi/g, respectively. (These soil concentrations can be correlated 
with an area-averaged external exposure rate measurement of approximately S to 13 IlRihour, depending 
on the relative concentration of Il7Cs and 6OCO.) These values apply to single contaminants only. To 
account for the total risk or dose from multiple contaminants, sum-of-ratios calculations may be applied 
to all significant site-related contaminants that are present above background. Actual remediation 
concentrations will, therefore, likely be lower than the concentrations listed in the table. 

In Table 2.40, the radium and thorium isotopes are exceptions to the general risk- or dose-based 
approach because they have alternate concentration-based remediation levels of 3 pCi/g each. In practice, 
the 3 pCi/g concentration limit would apply to the average concentration of n ORa or ll"Th (whichever is 
greater) and also to the average concentration oflllTh, "'Ra, or "'Th (whichever is greater), averaged over 
the exposure unit. These alternative concentration limits, which are set as low as reasonably achievable, are 
used because setting a risk-based cleanup that attains a 1 x 10-1 risk-based goal is not attainable due to the 
risk associated with natural background concentrations, which alone exceed the desired risk goal of 1 x 10-; 
ELCR. For example, the residual risk associated with remediation of soils to 3 pCi/g is estimated at 
approximately S x 104 for '''Ra and 2 x 10'" for "'Th. Because site-specific background concentrations of 
these radionuclides are outside the target lisk range, residual concentrations of these radionuclides and their 
decay series will not be considered in the estimates of residual risk following completion of these actions. 

The goal for the controlled industrial area is to have soils clean to a depth of 0.6 m (2 ft). The goa l 
for the unrestricted industrial area is to have vadose-zone soils clean to 3· m (10 ft) depth. Areas 
suspected of being uncontaminated (based on available data or process knowledge) will at a minimum be 
verified as such through use of walkover surveys. These areas may be assumed to be clean if no surface 
debris or contamination above the remediation levels is found from the walkover surveys. The need for 
any further verification (e.g., sampling and analysis) will be established during design and evaluated through 
review of the walkover surveys augmented by available information. The three FFA parties must concur 
on the designation of areas as being "clean" within the context of meeting industria l remediation levels. 

The average remediation level will be assessed against the residual exposure unit risk (or equivalent) 
for both (I) the uppelmost IS-cm (6-in.) layer of soil and (2) all soil to the prescribed cleanup depth [0 to 
0.6 m (0 to 2 ft) for controlled industrial and 0 to 3 m (0 to 10 ft) for unrestricted industrial]. The 
maximum remediation level will be assessed against the residual risk (or equivalent) for (I) contaminated 
surface soils having an area greater than I m' (II fi') and a depth of 0 to 15 cm (0 to 6 in.), (2) subsurface 
soil over the depth interval of 15 cm to 0.6 m (6 in. to 2 ft) (controlled and unrestricted industrial), and 
(3) subsurface soil over the depth interval of 0.6 to 3 m (2 to 10 ft) (unrestricted industrial only). To 
facilitate these assessments, soil sampling to verify cleanup wi ll be based on composites over the 
following depth intervals: 0 to 15 cm (0 to 6 in.), 15 cm to 0.6 m (6 in. to 2 ft), and 0.6 to 3 m (2 to 10 ft). 
The basis for selecting the latter two intervals are hypothetical construction scenarios where 0.6-m (2-ft) 
or 3-m (IO-ft) excavations are performed and the excavated material is spread over the ground surface. 

The number and grid spacing of samples to verify that the average remediation level has been met in 
disturbed areas will be determined using the approach by Gilbert (1987), with P ~ 0.1 and L ~ 30 m (100 ft), or 
other appropriate statistical method approved by the three FFA parties. Sample results used for verification 
of the average remediation level will also be assessed against the maximum remediation level. However, 
verification of the maximum remediation level will be based primarily on risk-to-exposure correlations 
with the walkover or other radiological surveys, to the extent practicable. Detection of contaminated soils 
that exceed the remediation levels at the verification stage will trigger additional cleanup and verification. 
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( Table 2.40. Soil remediation concentrations that correspond to the average remediation level for the 
industrial areas in Bethel Valley, ORNL, Oak Ridge, Tennessee 

Risk~based 

l\Iinimum remediation 
Reference detection concentrationd 

Principal soil COCs a Units concentrationb limit(' (1 x 10" ELCR) 
Arsenic mg/kg 7.3 0.5 330 
Benz(a)anthracene mg/kg ND 0.66 260 
Benzo(a)pyrene mg/kg ND 0.66 26 
Benzo(b)fluoranthene mg/kg ND 0.66 250 
Dibenz(a,h)anthracene mg/kg ND 0.66 26 
Americium-241 pCi/g ND 1.0 450' 
Cesitml·137+D pCi/g 0.9 1.0 14 
Cobalt·60 pCi/g ND 1.0 7.4 
Europium-152 pCilg ND 5.0 9.5 
Enropiulll·154 pCilg ND 1.0 11 
Europium·155 pCi/g ND 5.0 710' 
Iodine·129 pCi/g ND 5.0 1400 
Lead·210+D pCilg ND 1.0 270' 
PIUtOlliulll-240 pCi/g ND 1.0 540' 
Radium·226+D pCi/" 0.86. 0.5 3' 
Radiulll·228+D pCilg ND 0.5 3' 
Thorimu-228+D pCilg 0.94 1.0 3' 
TIlOrium-232 pCilg 0.97 1.0 3' 
Uranium-238+D pCi/g 1.7 1.0 310 

Note: These values apply to single contaminants only. To account for the total risk or dose from multiple 
contaminants. sum-of-ratios calculations may be applied to all significant site-related contaminants that arc present 
above background. Actual remediation concentrations will therefore likely be lower than the concentrations listed in 
the table. Concentrations for other contaminants not listed in the table will be detennined as necessary and in a 
marmer similar to that followed above. Exceptions are contaminants such as radium and thorium that have alternate 
remediation concentrations; these are not included in the sum-of-ratios calculations. 

II coes identified in the RI but not listed here include beryllium, beryllium-7, cerium-144, cesium-134, 
cobalt-57, cobalt-58, nickel-63, potassium-40, promethium-147, mthenium-106, sodium-22, yttrium-91, and 
zirconium-95. (These analytes also were not included in the background risk estimate of 1.5 x 1O.~ ELCR.) 
Berylliwn was excluded from the table because EPA has re-evaluated its carcinogenicity and eliminated its slope 
factor for ingestion. Potassium-40 was excluded because it is considered to be naturally occurring (the maximum 
value detected was within the concentration range for the cOlmtry). Nickel-63 was excluded because it is an 
hmocuous material (weak beta emitter) that has a veI)' high remediation concentration and is unlikely to pose any 
health risk. TIle other radiol1uclides were excluded because they have half-lives of2.6 years or less. 

b The reference concentration is the 95th tolerance limit of the background or the maximum background value, 
whichever is less. 

C TIle laboratory standard minimum detection limits are based on existing regulatory methodology and current 
laboratory inslmment capabilities. The detection limits can be lowered by concentrating the sample, increasing the 
count times, or modifying/changing the analytical method. 

d The risk-based remediation levels for the nonradionuclides are calculated at I }, 1O·-t ELCR using standard 
risk assessment protocols for an industrial scenario: a 70·kg adult receptor, an exposure frequency of250 days/year, 
an exposure dnration of 25 years, an ingestion rate of 0.00005 kg/day, an inhalation rate of 20 m3/day, and a skin 
surface area of 0.316 ml. TIle risk-based remediation levels for the radionuclides are calculated at 1 x 1O·-t ELCR 
using the RESRAD computer code. RESRAD used input parameters constrained to mimic the standard risk 
assessment algorithms and parameters with the addition of radioactive decay and ingrowth. 

fThe remediation concentrations for americium·241, europium-I 55, lead-210+D, and plutonium-240 are 
calculated using the RESRAD computer code to attain 25 mrem/year under an industrial land scenario. The 
25 mremfyear dose-based standard required by DOE Orders results in a lower remediation concentration (i.e., a 
higher degree of cleanup) for these four radiolHlclides than the risk-based standard of I x IO·-t. 

f The alternate concentration limit of 3 pCi/g for the radium and thoriuni isotopes is applied over the exposure 
lmi! and to the established depth of remediation. TIle radiulll and thorium isotopes are itot included with the other 
COCs in the aggregate risk calculation for the eXlJosure lmi! to meet the desired risk goal of 1 x 10-~ ELCR. 
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Table 2.40. Soil remediation concentrations that correspond to the average remediation level for the 
industrial areas in Bethel Valley, ORNL, Oak Ridge, Tennessee (continued) 

coe = contaminant of concern 
D = radioactive decay daughter 
DOE = U.S. Department of Energy 
ELCR = excess lifetime cancer risk 
EPA = U.S. Environmental Protection Agency 
ND = not detected or analyzed 
ORNL = Oak Ridge National Laboratory 
RI = remedial investigation 
RESRAD = the name of the computer program used to perfonn analysis of dose and risk received from 

exposure to ionizing radiation emitted by environmental media (i.e .• residual radiation). 

Recreational Area (Streambed Sediment Area). The intent of remediation in. the streambed 
sediment area is to protect the hypothetical recreational user (exposure frequency of 75 hours/year and 
exposure duration of 30 years), protect aquatic life, and generally improve surface water quality. Access 
to most of the streambed sediments will continue to be restricted, and exposures for workers will continue to 
be controlled through a radiological exposure protection program. 

Seven exposure units have been defmed for the recreational area. These exposure units equate to the 
following stream reaches: Raccoon Creek, NWT, First Creek, Fifth Creek, White Oak Creek between 
7500 Bridge and First Creek, White Oak Creek between First Creek and Fifth Creek, and White Oak 
Creek above Fifth Creek. 

For sediment, two average remediation levels for human health are established: one for the principal 

( 

COC and one for all the significant COCs combined. The primary sediment COC identified in the RIlFS ( 
for the recreational user is I37Cs (DOE 1999a). At the comgletion of all accessible remediation identified 
in this ROD, the residual cumulative (aggre~ate) risk for 1 'Cs within each exposure unit will not exceed 
I x 10-' ELCR. The remediation level for 1 'Cs was set at I x 10-5 recreational risk so as to reduce the 
potential for recontamination of the adjacent floodplain soil above its remediation level of I x 10-' 
industrial risk, which is comparable to the 1 x 10-5 recreational risk. The residual cumulative risk for 
multiple COCs present within each exposure unit will not exceed the average remediation level of 1 x 10" 
ELCR and an HI of 1. Sediment remediation concentrations that correspond to the average remediation 
levels for the recreational (streambed) areas in Bethel Valley are shown in Table 2.41 for individual human 
health COCs. The ecological COCs and their potential average levels, subject to further biomonitoring, 
are listed in Table 2.39. 

The maximum remediation level for any individual sediment location or hot spot within a reach is set 
at 10 times the average remediation concentration (assuming an exposure frequency of 7.5 hours/year). 
Sediment will be removed to the depth of deposition. 

Areas suspected of being uncontaminated (based on available data or process knowledge) will at a 
minimum be verified as such through use of walkover surveys. These areas will be assumed to be clean if 
no sUJ-face debris or contamination above the remediation levels is found from the walkover surveys_ The 
need for fUJther verification (e.g., sampling and analysis) will be established during design and evaluated 
through review of the walkover surveys. 

Unrestricted Area. The remediation area designated as unrestricted includes those areas outside of 
the ORNL main plant area, SWSA 3, and the Contractor's Landfill. There are several known contaminated 
areas next to or associated with SWSA 3 that are in the unrestricted area. These will be removed under the 
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Table 2.41. Sediment remediation concentrations that correspond to the average remediation level for the 

recreational areas ill Bethel Valley, ORNL, Oak Ridge, Tennessee 

Minimum Risk-based remediation 

Reference detection concentrationd 

Princ'!pal sediment COCs II Units concentrationb limit(' (I X 10·' ELCR or HI=I) 
Aroclor·1254 mg/kg ND 2.0 no 
Aroc1or-1260 mg <g ND 2.0 no 
Benzo( aJpyrene mg <g ND 0.66 62 
HexacWorodibenzofuran mg <g ND 0.001 4.8 
Cesitml-137+D pCi/g 0.9 1.0 32' 
CobaIt-60 pCilg ND 1.0 200 
Europium-I 52 pCi/g ND 5.0 230 
Europium-154 pCi/g ND 1.0 270 

Note: TIlese values apply to single contaminants only_ To account for the total risk or dose from multiple contaminants, SWTI­
of-ratios calculations may be applied to all significant site-related contaminants that are present above backgrowld. Actual 
ren'ediation concentrations will therefore likely be lower than the concentrations listed in the table. Concentrations for other 
contaminants not listed in the table will be determined as necessary and in a maruler similar to that followed above. TIle 25 nuem/year 
dose-based standard required by DOE Orders may result in a lower remediation concentration (i.e., a higher degree of cleanup) for 
some radionuclides than the risk-based standard of 1 x 10'~. 

Il Na-22 was identified as a C~C in the RI but is not listed here because of its short half-life of2.6 years. 
b The reference concentration is the 95th tolerance limit of the backgrolUld or the maximum backgrOlllld value, whichever is 

less. 
f The laboratory standard minimum detection limits are based on existing regulatory methodology and current laboratory 

instrument capabilities. The detection limits can be iov.'ered by concentrating the sample, increasing the COWlt times, or, 
modifying/changing the analytical method. 

d The risk-based remediation levels for the nomadionuclides are calculated at 1 x lO'~ ELCR or HQ=l using standard risk 
assessment protocols for an industrial scenario: a 70-kg adult receptor, an exposure frequency of 75 days/year, all exposure duration 
of 30 years, all ingestion rate of 0.0001 kg/day, an inhalation rate of 20 m3/day, and a skin surface area of 0.316 m2

, The risk-based 
remediation levels for the radionuclides are calculated at 1 x 1 O'~ ELCR using the RESRAD computer code. RESRAD used input 
parameters constrained to mimic the standard risk assessment algorithms and parameters with the addition of radioactive decay and 
ingrowth. 

"An alternate remediation level for the primary CDC in sediment, cesium-I37, is set at 1 x 10,5 ELCR 

MAR = applicable or relevant and appropriate requirement 
COC = contaminant of concern 
ELCR = excess lifetime cancer risk 
D = radioactive decay daughter 
ND = not detected or analyzed 
RI = remedial investigation 
RESRAD = the name of the compllter program used to perfonn analysis of dose and risk received from exposure to 

ionizing radiation emitted by environmental media (I.e., residual radiation) 

remedy, but, in general, the unrestricted area consists of undeveloped areas that have not yet been fully 
characterized. These areas are assumed to be generally uncontaminated because oftheir lack of use for known 
historical ORNL activities. If contamination is present, it would likely be in isolated areas (e.g., small dump 
sites rather than widespread or diffuse sources) at relatively low contamination levels. However, the lack 
or presence of contamination in the unrestricted area will be verified in post-ROD activities. Where 
contamination is found, the intent of remediation in this area will be to protect the residential user. 

The goal for the unrestricted area is to have soil clean to bedrock or the groundwater table, whichever 
is nearer the surface. Walkover surveys will be performed in the unrestricted area. These areas may be 
assumed to be clean if no surface debris or contamination above residential levels is found from the 
walkover surveys, and if available information (e.g., federal government records, historical documents, 
interviews with site personnel, historical aerial photographs, existing remote sensing data) do not indicate 
anomalies. The need for any fmiher verification (e.g., sampling and analysis) will be established during 
design and evaluated through a review of the walkover surveys augmented by available information. The 
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three FFA parties must concur on the designation of areas as being "clean" within the context of meeting ( 
umestricted levels. " 

Where a contaminated area requiring cleanup exists 01' is found, an exposure unit will be situated to 
encompass the contaminated area. Exposure units will be sized as needed on a case-by-case basis but will 
not exceed I acre in size. 

At the completion of all accessible remediation identified in this ROD, the residual aggregate risk 
within an exposure unit in the umestricted area will not exceed the average remediation level of I x 10.4 

ELCR and an HI of 1, based on a residential scenario for direct contact exposures only. The maximum 
remediation level for any individual location within the exposure unit is based on an exposure frequency 
of876 hours/year, one-tenth the exposure frequency of the average remediation level. 

Soil remediation concentrations that con-espond to the average remediation level for the umestricted 
area in' Bethel Valley are shown in Table 2.42 for individual COCs. These values apply to single contaminants 
only. To account for the total risk or dose from mUltiple contaminants, sum-of-ratios calculations may be 
applied to all significant site-related contaminants that are present above background. In Table 2.42, the 
radium and thorium isotopes are exceptions to the general risk- or dose-based approach in that they have 
alternate concentration-based remediation levels of 3 pCi/g. These alternate concentration limits are set as 
low as reasonably achievable due to the risk associated with natural background concentrations of radium 
and thorium. 

The average and maximum remediation levels will be assessed against the residual exposure unit 
risk (or equivalent) for both (1) the uppen-nost 6-in. layer "of soil and (2) all soil to the cleanup depth. The 
number and grid spacing of samples to verify that the average remediation level has been met in disturbed 
areas will be determined using the approach by Gilbelt (1987), with P ~ 0.1 and L ~ IS m (50 ft), or other 
appropriate statistical method approved by the FFA parties. Sample results used for verification of the 
average remediation level will also be assessed against the maximum remediation level. However, 
verification" of the maximum remediation level will be based primarily on risk-to-exposure con-elations 
with the walkover or other radiological surveys, to the extent practicable. Detection of contaminated soils 
that exceed the remediation levels at the verification stage will bigger additional cleanup and verification. 

Soil remediation levels to reduce groundwater impact 

Soils that contain sufficiently high levels of soluble contaminants can be sources of contamination to 
groundwater. One of the remediation goals for soil in Bethel Valley is to minimize further contamination 
of groundwater by removing accessible soils that contribute significantly to groundwater contamination 
at an ELCR > 1 x 10.4 or HI > 1 for industrial use of the groundwater. Industrial use of groundwater is 
assumed only for the purpose of back-calculating soil remediation levels and does not imply an anticipated 
future use 01' final groundwater goal for this ROD. The groundwater will not have an anticipated future 
use until DOE goes through the state's procedure for classifying groundwater on the ORR and/or until 
the [mal groundwater decision is made for Bethel Valley. Furthermore, because a final groundwater 
decision is not being made at this time, these soil remediation levels will need to "be revisited at the time a 
future decision is made to ensure consistency with that decision. The intent of this section is to guide 
remediation of the worst soil contributors to groundwater contamination and not to achieve a specific 
groundwater cleanup level. 
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Table 2.42. Soil remediation concentrations that correspond to the 

average remediation level for the unrestricted areas 
in Bethel Valley, ORNL, Oak Ridge, Tennessee 

l\1inimum Risk-based remediation 

Reference detection concentrationd 

Principal soil COCs a Units concentrationb limit(' (1 x lO-' ELCR) 
Benz(a)anthracene mglkg ND 0.66 86 
Benw(a)pyrene mg/kg ND 0.66 8.6 
Benw(b)fluoranthene mglkg ND 0.66 86 
Dibenz(a)l)anthracene mg/kg ND 0.66 8.6 

N-nitroso-di-n-propylamine mg/kg ND 0.66 7.8 
Cesimn-137+D nCi/g 0.9 1.0 7 
Cobalt-60 pCilg ND 1.0 4 
Europiwn-152 pCi/g ND 5.0 5 
Europium-154 nCi/g ND 1.0 6 
Radiulll-226+D nCi/g 0.86 0.5 3' 
Thoritun-232+D pCilg 0.97 1.0 3' 
Uranium-235+D pCilg 0.12 1.0 37 
Uranium-238+D pCilg 1.7 1.0 91 

Note: These values apply to single contaminants only. To account for the total risk or dose from multiple contaminants. 
sum-of-ratios calculations may be applied to al1 significant site-related contaminants that are present above background. Actual 
remediation concentrations will therefore likely be lower than the concentrations listed in the table. Concentrations for other 
contaminants not listed in the table will be detennined as necessary and in a manner similar to that followed above. Exceptions 
are contaminants such as radium and thorium that have alternate remediation concentrations; these are not included in the SUffi­

of-ratios calculations. Also. the 25 mrem/year dose-based standard required by DOE Orders may result in a lower remediation 
concentration (i.e., a higher degree of cleanup) for some radionuclides than the risk-based standard of 1 x 10--1. 

(f COCs identified in the RI (for West Bethel Valley) but not listed here include beryllium. cesium-134, and potassium-
40. Beryllium was excluded from the table because EPA has re-evaluated its carcinogenicity and eliminated its slope factor for 
ingestion. Potassium-40 was excluded because it is considered to be naturally occurring (the maximum value detected was 
within the concentration range for the country). The other radionucJides were excluded because they have half-lives of2.6 years 
or less. 

b The reference concentration is the 95th tolerance limit of the backgrolUld or the maximum background value. whichever 
is less. 

(The laboratory standard minimum detection limits are based on existing regulatory methodology and current laboratory 
instmment capabilities. The detection limits can be lowered by concentrating the sample, increasing the cOlmt times, or 
modifying/changing the analytical method. 

d The risk-based remediation levels for the nonradionuc1ides are calculated at 1 .X 10--1 ELCR using standard risk 
assessment protocols for a residential scenario: a 70-kg adult receptor, an exposure frequency of 350 daysfyear. an e>"llosure 
duration of 30 years. an age-averaged ingestion rate of 0_000114 kg/day, an inhalation rate of20 m'/day. and a skin surface area 
of 0.316 m2• TIle risk-based remediation levels for the radiolluclides are calculated at 1 x lO'~ ELCR using the RESRAD 
computer code. RESRAD used input parameters constrained to mimic the standard risk assessment algorithms and parameters 
v.lith the addition of radioactive decay and ingrO\\1h and consideration of indoor and outdoor occupancy. 

f The altemate concentration limit of 3 pCilg for the radium and thorilUn isotopes is applied over the exposure lmit and to 
the established depth of remediation. The radium and thorium isotopes are not included with the other COCs in the aggregate 
risk calculation for the exposure lUlit to meet the desired risk goal of 1 )< 1 O-~ ELCR. 

ARAR = applicable or relevant and appropriate requirement 
C~C = contaminant of concern 
DOE = U.S. Department of Energy 
TILCR = excess lifetime cancer risk 

EPA = U.S. Environmental Protection Agency 
ND = not detected or analyzed 
RI = remedial investigation 

RESRAD = the name of the comp\lter program used to perfonn analysis of dose and risk received from exposure to 
ionizing radiation emitted by el1vironmentalmedia (i.e., residual radiation) 

Some of the major variables that detennine whether specific contaminant concentrations in soil will 
cause risk or hazard above the tlU'eshold values include contaminant solubility, adsorption coefficient, 
contaminant concentration versus soil volume, volume of water that seeps through the soil, and distance 
of the well intake from the contaminated soil mass. 
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A process, described in Appendix C, has been developed to detennine whether contaminated soil 
has the potential to contaminate groundwater above the decision thresholds stated above and, if so, what ( 
the soil remediation (trigger) levels should be. The process includes simple contaminant tl'ansport model 
estimates of contaminant concentrations in a hypothetical on-site groundwater well that could result from 
leaching of contaminated soil. 

The process will be utilized to detelmine soil remediation levels on a case-by-case basis for known 
subsurface contaminated soil masses (i.e., the LLLW Lines and Leak Sites in Table A.I) and for 
previously unidentified subsurface contaminated soils that are encountered during site remediation. Also, 
soil remediation levels are established only for 12 target soil contaminants that have been identified as 
primalY groundwater COCs and have been detected at mUltiple groundwater locations. Primary 
groundwater COCs are those COCs that individually contribute risk >1 x 10" 01' HI > 1 under the 
industrial scenario. (These COCs are a subset of the contaminants evaluated in Appendix C.) The target 
soil contaminants are arsenic, 14C, 137Cs, 244CU, 22'Ra, 90SI', 3H, 234U, 23·U, I,2-dichioroethene, 
trichioroethene, and vinyl chloride. 

Structure surfaces 

Some building slabs may remain in place after completion of building D&D. These surfaces will be 
decontaminated to meet industrial surface criteria derived to achieve the same average risk level (ELCR 
of I x 10") and maximum risk level (ten times the average) specified for the industrial area soils (see 
Table 2.39). The industrial surface criteria will be applied to the entire exposed surface of the slab. 

Subsurface stmctures will meet the same industrial surface criteria to the required remediation depth 
[e.g., 0.6 m or 3 m (2 ft 01' lOft)] for the anticipated land use in which they are located. 

Surface criteria for residual building surfaces (building slabs and below-grade stmctures) in Bethel Valley 
have been derived based on American National Standard ANSIJHealth Physics Society HPS N13.I2-I999 
(HPS 1999). TIlls standard specifies screening levels for clearance of surfaces containing residual radioactive 
materials, based on a dose limit of I mremlyear, for several groups of radionuclides. Clearance is defmed 
as "the removal of items 01' materials that contain residual levels of radioactive materials within authorized 
practices from any further control of any kind." The primaty radionuclides of concem for remaining 
building surfaces in Bethel Valley are classified in Group 2 of Standard N13.12-1999, "Uranium and 
Selected High Dose Beta-Gamma Emitters." The surface activity screening level for Group 2 radionuclides 
is specified at 6000 disintegrations pel' minute per 100 cm2 (6000 dpm/IOO cm2). This screening level has 
been used to derive a risk-based surface concentration limit as follows 

where 
RLsurf 

TR~ 

DL~ 

SL ~ 

R 

TR / [ DLISL x R x ED ] 
I x I 0" ELCR / [(1 mremlyr)/(6000 dpmllOO cm') x 6x]O"' ELCRlmrem x 25 years] 
40,000 dpml1 00 cm2 , 

remediation levels for residual building surfaces, 
target risk level ~ I x 10" ELCR, 
dose limit used to derive surface screening level ~ I mremlyear (HPS 1999), 
surface activity screening level for Group 2 radionuclides 
6000 dpmllOO cm' (HPS 1999), 
cancer risk per unit dose for surface-deposited l'adioactivity (conservatively based on 

radionuclide-specific slope factor and extemal dose coefficient for I37Cs+D) 
6 x 10" ELCRlmrem 

ED ~ exposure duration ~ 25 years for industrial scenario (EPA 1991). 
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The derived RL"ur value is based on the assumption that a worker could potentially be located 

directly above the building surfaces for 2000 hours pel' year. Since it is unlikely that any worker would 
actually occupy this location for such an extended period of time, this estimate is considered conservative 
and any actual risk may be well below the target level of 1 x 10.4 ELCR. Additional conservative 
assumptions are the absence of any consideration of (1) the decreasing concentrations of radionuclides on 
the building surfaces due to radioactive decay, and (2) shielding effects from backfill of basements and 
other subsurface stmctures. 

QO·026(doc)1111601 2-173 November 16.2001 



( 



( 2.13 STATUTORY DETERMINATIONS 

Under CERCLA, Sect. 121, selected remedies must protect human health and the environment, comply 
with ARARs (unless a statutory waiver is justified and granted), be cost effective, and use permanent 
solutions and alternative treatment technologies or resource recovery technologies to, the maximum 
extent practicaL In addition, CERCLA includes a preference for remedies that, as their principal element, 
use treatment that significantly and pennanently reduces the volume, toxicity, or mobility of hazardous 
wastes, The following sections discuss how the selected remedy meets those statutory requirements, 

2.13.1 Overall Protection ofHnman Health and the Environment 

The selected remedy will protect human health under expected land use scenarios through a combination 
of waste removal, treatment, containment, and LUC activities, Exposure levels will be reduced to protective 
ARAR levels or to within EPA's generally acceptable risk ranges for risks from carcinogens and 
noncai'cinogens, Because significant inventories of contaminated materials would remain in Bethel 
Valley, this approach requires LUCs to ensure protection of CUl1'ent and potential receptors, Until fmal 
decisions are made concerning remediation of the remaining contamination in Bethel Valley, LUCs will 
be used to preclude access that may result in unacceptable exposures, 

The selected remedy will reduce contaminant contributions to groundwater in Bethel Valley, Both the 
removal of sources of groundwater contamination, such as contaminated soil, and tlle control of 
groUlldwater migration through sump collection aud pipeline grouting will control the size and 
concentration of groundwater plumes in Central Bethel Valley, In situ biodegradation activities in East 
Bethel Valley and groundwater extraction in Central Bethel Vailey will reduce the mass of the plume, 
thereby containing its future growth, The cap and upgradient diversion trench at SWSA 3 will control 
future contributions to groundwater contamination in West Bethel Valley. 

Reduced contributions to groundwater, plus collection and treatment of shallow groundwater in 
Central Bethel Valley, will reduce the Bethel Valley contributions to surface water contamination migrating 
off-site. With effective implementation ofthe selected remedy, risk at the 7500 Bridge will be reduced by at 
least 45%. That risk reduction, combined with actions selected for Melton Valley, will allow residential 
risk levels to be met at the confluence of White Oak Creek and the Clinch River. 

The selected remedy provides overall protection of reach-level populations of aquatic species, valleywide 
populations of wide-ranging ecological species, and areawide populations of terrestrial populations in 
West Bethel Valley, the only area with sufficient habitat. Groundwater treatment actions for mercury and 
removal of contaminated sediments in the streams will allow A WQC to be met and will protect the aquatic 
species in those streams. Soil removal actions in West Bethel Valley will remove a tlu'eat to individuals 
of terrestrial species (populations are already protected), These actions, especially the sediment removal 
actions, will have some shOit-telm effects on the ecological populations, but iUs planned to restore these 
habitats quickly. 

2.13.2 Compliance with ARARs 

The selected remedy meets all ARARs for the scope of remedial actions encompassed in this ROD, 
as listed and described in Appendix B. No waiver of an ARAR under CERCLA 121(d)(4) will be required, 

Groundwatei' actions would minimize further impacts to groundwater. Contaminant plumes are not 
expected to appreciably migrate beyond cun'ent boundaries, Final groundwater decisions for Bethel 
Valley are being deferred to a later decision document. 
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2.13.3 Cost Effectiveness 

The selected remedy is cost effective because it meets the following -definition: "A remedy shall be 
cost-effective if its costs are proportional to its overall effectiveness" [40 CFR 300.430(f)(1)(ii)(D)). In 
evaluating the remedial alternatives from the FS (DOE 1999a), DOE followed additional guidance found in 
the preamble to the NCP, which states that decision makers should compare "the cost of effectiveness of 
each alternative individually and the cost and effectiveness of alternatives in relation to one another" 
(55 FR 8728). The more aggressive alternatives evaluated in the FS cost substantially more than the 
selected remedy, yet provide little additional risk reduction. 

Specific differences between alternatives include the extent of groundwater collection and treatment, 
excavation, or containment of SWSA 3. The extent of groundwater collection is the basis of distinction 
between several alternatives. For East Bethel Valley, in situ biodegradation is the selected remedy as 
compared to monitoring or extraction and ex situ treatment. In situ treatment was selected over monitoring 
becau~e of the potential that the plume could be migrating. There is insufficient information about the 
plume to understand its growth potential fully. It is prudent to reduce the mass in the plume, in the event 
the plnme is growing, while gathering information to supp0l1 the final decision. In situ treatment was 
selected over ex situ treatment for two reasons. First, the annual O&M costs are roughly $150,000 a year. 
less for in situ treatment. Second, the process of implementing an in situ treatment system will allow 
additional information to be collected about biodegradation conditions in this plume. The mass reduction 
amount to be realized by either in situ treatment or ex situ treatment is unknown. However, the investment 
in capital and O&M costs is much less in the period of time required to collect the information needed to 
make a final decision. If the final decision is made in roughly 10 years, ex situ treatment would cost 
roughly $1.5 million more than in situ treatment in today's dollars. Both systems have the same level of 
effectiveness, although there is more uncertainty regarding the reliability of the in situ system. 

For Central Bethel Valley, groundwater collection was detennined to be necessary because contaminants 
are currently migrating from the groundwater to the surface water and leaving Bethel Valley at levels 
causing a risk at White Oak Dam. In addition to the shallow groundwater collection system, FS 
Alternatives C-2 and C-3 and the selected remedy include the installation of four deep groundwater 
extraction wells for an incremental capital cost of approximately $300,000. The benefits provided by the 
deep well extraction is control over the plume if it is slipping below First Creek (more robust alternative) 
and less reliance on the shallow groundwater collection. The shallow groundwater collection system 
alone is effective only if placed at the point of discharge: As the point of discharge moves through any 
number of factors, the effectiveness of the shallow system alone is jeopardized. FaIlure of the system 
results in off-site releases within 24 hours. The deep extraction system is effective regardless of where 
the plume is discharging. In fact, over time, some of the sIiallow collection systems may be taken off line. 

The selected interim groundwater action does not treat the plume in West Bethel Valley. Concentrations 
in the groundwater and associated surface water are decreasing. There is no evidence that the plume is 
increasing in size or concentrations. Capital cost increases are roughly $1 million and annual O&M 
increases are $2.7 million. If 10 years are required to make a final decision, roughly $16 million would 
have been spent. Mass would have been removed from the groundwater, but there would be no increased 
effectiveness or reliability in the meantime. The selected action of monitoring while making the fmal 
decision is the most cost effective. 

SWSA 3 and the Contractor's Landfill were considered as candidates for excavation or for containment. 
Containment is the preferred alternative for several reasons. It is cOJ;lsidered protective. The level of 
releases from SWSA 3 is decreasing, as evidenced by decreasing nearby surface water concentrations 
and decreasing groundwater con?entrations in some wells. The proposed cap and upgradient diversion 
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( trench would enhance a future decrease in releases. However, it is unlikely that a cap to control releases 
would be required past 30 years, when concentrations in the groundwater are predicted to be below 
industrial drinking water levels. MCLs would be achieved in roughly 200 years. Institutional controls 
would be needed for a very long time unless the fInal decision changes this action. The costs associated 
with excavating these landfills is roughly $100 million, vs $7 million for containinent. The annual O&M 
costs associated with capping are $85,000 for the fIrst few years, dropping off quickly as the need to 
maintain the cap for infIltration control is no longer needed. If the average O&M costs over 100 years is 
closer to $10,000 for inspection and institutional controls, the costs in today's dollars of the containment 
alternative would be $8 million. Use of institutional controls in West Bethel Valley are considered nearly 
as effective in the long term as institutional controls applied both at Chestnut Ridge (disposal site for the 
Contractor's Landfill) and in Bear Creek Valley (disposal site for SWSA 3). The great cost increase and 
potential worker risk increase from removal of SWSA 3 is not worth the limited additional protectiveness. 

2.13.4 Use of Permanent Solutions and Alternative Treatment Technologies to the Maximum Extent 
Practicable 

The selected remedy provides the best balance of trade-offs among the alternatives with respect to 
the evaluation criteria, such that it represents the maximum extent to which pelmanent solutions can be 
practically used for the Bethel Valley area. Of the remediation alternatives considered, the selected remedy 
provides the best balance of trade-offs in tenns of long-term effectiveness and permanence; reduction of 
toxicity, mobility, or volume through treatment; shott-term effectiveness; implemehtability; and cost. 

Although the selected remedy is considered interim, it does include certain components that DOE 
believes will become elements of a pernlanent solution for the Bethel Valley area. Removal of soils and 
sediments is considered a penn anent solution. A primary component of the selected remedy that has a 
relatively low degree of permanence is hydraulic isolation, with its associated cap maintenance and 
institutional controls. It was deemed impracticable to remove or permanently treat these waste areas. 

2.13.5 Preference for Treatment as a Principal Element 

CERCLA, Sect. 121, establishes a preference for alternatives that use treatment to permanently 
reduce the toxicity, mobility, or volume of hazardous substances. 

Treatment of underground pipelines will be effected by grouting in place. Grouting will isolate and 
immobilize residual wastes left in pipelines and those tanks already grouted; therefore, mobility, but not 
toxicity or volume of contamination, will be reduced. This remedy will also treat extracted groundwater, 
reducing the volume of contaminants in water, but not the toxicity or mobility. Biodegradation of the 
East Bethel Valley VOC Plume results in the destmction of contaminants to nontoxic compounds. 

As explained in Section 2.11, most of the Plincipal threat wastes in Bethel Valley have already been 
remediated through removal, treatment, and fmal disposal. Tlu'ough early actions, sludges from the Gunite 
Tanks, sludges from the FFA steel tanks, sediments from the surface impoundments, and extremely 
contaminated subsurface soil in the Notth Tank Fatm have been removed from Bethel Valley. These 
wastes were considered to be both highly mobile and very toxic. Remaining principal threat wastes are 
the contaminated soil in Central Bethel Valley, currently contributing to groundwater contamination, and 
buried waste within SWSA 3 in West Bethel Valley, for which the primary concern is excavation into the 
burial ground by a future user. The selected remedy does not satisi)' the statutory preference for treatment 
of these principal threat wastes: An explanation of why it does not do so is provided below. 
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The selected remedy removes the highly mobile soil contamination in Central Bethel Valley that is a 
primary contributor to groundwater contamination. Removal of this principal threat waste is prefeITed ( 
over treatment because removal is more cost effective for small volumes in an active facility. Sufficient 
contact between deep soils and treatment chemicals in situ in an active plant can be very difficult. There 
can be significant questions about the effectiveness of this method in the long telTU. Multiple contaminants 
lessens the ability of a single treatment teclmology to be effective, and many of the soil sites have 
radionuc1ides that are of concern other than just strontium. Ex situ treatment is not necessary prior to 
disposal of any excavated material and, therefore, would not be cost effective either. 

Containment of buried waste within SWSA 3 is preferred over treatment for two reasons. First, the 
cost of excavating the waste material within SWSA 3 for subsequent ex situ treatment is significant. 
Additionally, worker risk from excavating SWSA 3, although difficult to quantifY because of the great 
uncertainty of what is buried there, would also be significant. Secondly, in situ treatment of the buried 
waste in SWSA 3 (grouting of trenches) is not considered cost effective since grouting of the trenches 
does not address contamination that has already leached from the waste. Concentrations in the subsurface 
groundwater appear to have stabilized or are decreasing, indicating that the most significant mass of 
contamination has already escaped the burial ground. Therefore, in situ grouting is not expected to be 
more effective than capping alone at reducing groundwater contaminant concentrations. 

2.13.6 Five-Year Review Requirements 

Because this remedy will result in hazardous substances, pollutants, or contaminants remaining on-site 
above levels that allow for unlimited use and unrestricted exposure, the statutory CERCLA reviews will be 
scheduled, conducted, and reported in the ORR-wide RERiFive-Year Review Reports following initiation 
of remedial action to ensure the remedy is, or will be, protective of human health and the environment. 
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( 2.14 DOCUMENTATION OF SIGNIFICANT CHANGES 

The proposed plan (DOE 2000a) was released for public comment on June 26, 2000. Since that 
time, changes have been made to the preferred alternative (now the selected remedy). 

The preferred remedial action for buildings and other facilities in the proposed plan specified 
removal of contaminated slabs or subsurface structures to the depth of remediation [e.g., 0.601 (2 ft) in 
the controlled industrial area]. This section was modified under the selected remedy to include the option 
of decontamination instead of removal where equal protectiveness can be achieved at a lower cost. 
Remediation levels for structure surfaces were added to the selected remedy. 

The preferred remedial action for sediments in the proposed plan was removal to a maximum depth 
of 0.6 01 (2 ft). This depth limit was modified to depth of sediment deposition for the selected remedy 
because the sediment layer is anticipated to be relatively shallow and located directly on top of bedrock. 

The construction logic for the preferred alternative was presented in Fig. 7 of the proposed plan. This 
construction logic has been modified slightly in the ROD (see "Sequencing and Milestones," Sect. 2.12.8.1) 
to better reflect the latest organization and sequencing of work under the ORNL Project life cycle baseline. 

In the FS for Bethel Valley (DOE 1999a), it was assumed that water from both Core Hole 8 wells and 
sumps adjacent to seven storm drain junction boxes would require pretreatment to remove U, Sr, Cs, and 
organics before being sent to the PWTC for discharge. Unit processes including equalization, filtration, 
ion exchange, zeolite, and liquid-phase carbon adsorption comprised a process train capable of operating at 
510 Llmin (135 gal/min). Based on the results from the Well 4411 pumping test, pretreatment is not required; 
thus, the pretreatment system has been eliminated from the ROD scope. This reduced the capital cost of the 
selected remedy by approximately $1.5 million and reduced associated average annual O&M costs by 
$4.4 million. 

Costs for D&D of pump pits/valve boxes have been incorporated into the estimated costs for stabilizing 
pipelines inside the main plant area. This increased the capital cost of the selected remedy by 
approximately $0.8 million. 

The scope of the prefen'ed remedy in the proposed plan included stabilization of eight Gunite Tanks 
in Bethel Valley. Stabilization of these tanks has been removed from the scope of the remedy and placed 
in a non-time-critical removal action where its implementation schedule will be accelerated. Concerns 
associated with tank shell integrity precluded postponement of the stabilization until after ROD approval. 
Removal of the stabilization of the eight Gunite Tanks from the scope of the ROD reduced the capital 
cost of the selected remedy by approximately $3.7 million. 

Contents removal and stabilization oftlU'ee inactive Melton Valley tanks (Tank T-l, Tank T-2, and 
the HFIR Tank) were previously to be perfol111ed under an action memorandum for inactive steel tanks. 
Remediation of these tanks has now been incorporated into the selected remedy because the ion exchange 
resins found in the tank sludges are incompatible with the final processing anticipated under the action 
memorandum. Futther evalnation of the treatment for the tank sludges will need to be perfol1ned during 
post-ROD design. Addition of contents removal and stabilization of the three Melton Valley tanks to the 
scope of the ROD increased the total capital cost of the selected remedy by approximately $6.4 million. 
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The Proposed Plan identified 10 CFR 20.1402 and 10 CFR 20.1403(a) and (b) as ARARs that 
require a soil cleanup level of 25 mremiyear. While the 25 ml'emiyear standard is relevant, EPA has ( 
detennined that it is not appropriate in the context of this particular remedial action because, in some 
cases, the residual concentrations of radionuclides that would remain in soil following remediation based 
solely on this dose limit would not achieve the risk goal of 1 x 10.4 selected in this ROD. Accordingly, 
for the purposes of this ROD, these two regulations have been deleted from the ARAR list, and cleanup 
levels for all radionuclides of concern have been developed to achieve the risk goal of I x 10.4• Those 
cleanup levels are set forth in Tables 2.40 through 2.42. For certain radionuclides (i.e., 241 Am, 155Eu, 
2JOPb + D, and 240pU), cleaning up to the dose-based 25 mremlyear constraint as required by DOE Orders 
will result in a higher degree of cleanup than simply attaining risk-based (I x 10.4) cleanup levels for 
those radionuclides. The actual relationship between radiation dose and risk for any individual 
radionuclide is dependent on many factors (e.g., radioactive decay characteristics, exposure pathways, 
metabolic properties), such that the dose limit may be more limiting in some cases. Thus, as indicated in 
Table 2.40, DOE will remediate those radionuclides to levels that will attain the dose constraint of 
25 mremlyear where, in DOE's opinion, such action is necessary to achieve compliance with DOE 
Orders as well as the risk limit of I x 10.4• 
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( RESPONSIVENESS SUMMARY 

Comments have been consolidated to enhance readability ofthis section. Conunents include those received 
in writing and those questions and comments received at the public meeting held on July 27, 2000. 

General 

• In general, most reviewers from the Site Specific Advisory Board (SSAB) found that the Proposed 
Plan (PP) adequately describes the strategic decisions required as remediation proceeds. When used 
in conjunction with the remedial investigation/feasibility study (RI/FS), it explains the alternatives 
well enough. to allow thoughtful decisions and it reflects input received from the public at meetings 
and from informal reviews of preceding documents. 

DOE Response: Comment noted. 

• The PP reflects the considerable careful work expended to develop it and, I believe, the input 
received from the public throngh previous interactions. In most cases the PP illuminates clearly the 
strategic decisions required as remediation proceeds, and explains the alternatives well enough to 
allow thoughtful broad decisions. 

DOE Response: Comment noted. 

• Discussions at the public hearing showed that DOE and contractor staff in some cases had a good 
approach in mind that had not been reflected clearly in the written PP. The Record of Decision 
(ROD) needs to carefully include the plan actually developed, because staff changes prior to the field 
work can cause good ideas to be lost if they are not contained in the ROD. 

DOE Response: DOE agrees that there is more information about the selected remedy than reflected 
in the PP. Much of the information reflected in the FS or in work conducted to specifically address 
this comment has been added throughout the ROD to improve understanding of the basics of the 
selected actions. 

• The preferred remedial alternatives support appropriate Remedial Action Objectives. Except as noted 
below, I see no reason they would not be effective with modest likelihood of requiring the indicated 
contingencies. 

DOE Response: Comment noted. 

• The preferred alternatives outlined in the PP represent a reasonable overall approach to remediation 
in Bethel Valley. However, we have questions and concerns about some elements·ofthe proposal. 

DOE Response: DOE appreciates the comment. Please see the comments and responses below 
responding to the questions and concerns. 

• U.S. Fish and Wildlife Service (Service) personnel have reviewed the Proposed Plan for Interim 
Actions in Bethel Valley, Oak Ridge, Tennessee (DOE/OROI-1795&D3). While the Service remains 
concerned over the considerable uncertainty regarding the nature and extent of contamination and the 
ecological health of the terrestrial and aquatic biological communities in the Bethel Valley 
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watershed, we fully SUppOlt the prefen'ed alternatives for .interim remedial actions in Central Bethel ( 
Valley, East Bethel Valley, West Bethel Valley, and Raccoon Creek. 

DOE Response: The uncertainties associated with nature and extent of contamination along with 
ecological risk are being managed as indicated in Sect. 2.12.5 of the ROD. Additiol1ally, necessary 
predesign sampling (for nature and extent) and biological studies as indicated in the GRA Logic 
Diagram for Sediment (for aquatic ecological risk uncertainties) are planned. Due to the limited 
terrestrial ecological habitat, DOE does not feel there are uncertainties with the results of the 
terrestrial risk assessment. 

• The Citizens' AdvisOlY Panel (CAP) initially had some difficulty accepting the proposed remediation for 
Solid Waste Storage Area (SWSA) 3, as the original plan was to excavate the site, leaving it available 
for unrestricted use. Considering, however, the overall cost and extent of remediation, the CAP 
accepts the final solutions offered in the PP. The CAP is especially pleased that DOE believes the 
groundwater problem is abating and that the protection goal is for recreational use, which exceeds the 
protectiveness of the End Use Working Group recommendation. 

DOE Response: Comment noted. 

Soil Remediation Approach 

• Fifty years from now, the Oak Ridge National LaboratOlY (ORNL) soil surface under the preferred 
alternative would be rather usable, with 50 old buildings buried a couple of feet, and surface "warm" 
spots ten times more radioactive than the average. While it is true that workers usnally move around 
and tend to receive an average exposure, how does DOE plan to keep track of the location of these 
"wann spots," so workers will not loiter there? Signage for these spots would be a problem for ( 
generations. We think the maximum ratio of surface radioactivity in warm areas to average should be 
much smaller. The savings in the present proposal wonld be only in the short term. 

We suggest that the average contamination be figured over regions no larger than an acre, so one may 
be confident that a worker would rarely spend his day in an area that retains a higher specific activity 
than the selected objectives. We also suggest that square-yard areas with above-average radioactivity 
exhibit an intensity no more than four times the average stated as the objective, so that even the 
maximum value would still be within the range of standards presently being proposed. 

While the above suggestion would increase the initial remediation cost, we believe the Remedial 
Action Objective would then be met during practical future use of the site. With the preferred 
alternative interpreted as in the PP, we doubt the "clean surface" objective would be satisfied. 

DOE Response: An exposure unit is a geographical area about wbich a receptor moves and can 
potentially contact contaminated soil during a certain period of time: It is assumed that the 
receptor can access any area within the exposure unit with equal probability. The size of the exposure 
unit is set by considering the future use of the land. For the industrial areas in Bethel Valley, the 
individual who is outside the greatest amonnt of time with the greatest chance for exposure to 
contaminated soil is currently, and is envisioned in the fnture, to be a maintenance-type worker 
who stays ontdoors 2000 hours/year, for 25 years, performing ORNL S&M activities. Based on 
discussions with current S&M supervisors, current field personnel are generally assigned work that 
takes them throughout Melton and Bethel Valleys (up to 2000 acres). To be couservative, the exposure 
units were made much smaller than the size of the valleys. The developed portion of Bethel Vall~y 
was divided into nine exposure units ranging in size from 19 to 50 acres (average of 37 acres) of 
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( land. If building and pavement footprints are subtracted from these total acreages, the size· of the 
exposure unit soil area ranges from 9 to 25 acres (average of 19 acres). 

A laboratory worker who spends most of his or her time indoors, bnt then spends 200 hours/year 
outdoors near or on a hot spot either through walking or throngh spending small amounts of time 
ontside, is the receptor protected by a maximum level. This level is based on the assumption that a 
receptor is exposed to a certain small contaminated soil area (1 m2 

01' greater) for 200 hours/year, 
for 25 years. This receptor would incur no more risk than the industrial worker spending 2000 
hours/year outdoors over a larger area. All accessible hot spots with contamination above the 
maximum remediation level will be removed under the selected remedy. 

The details of the remediation level approach were not presented in the PP in order to maximize 
the readability of the document. The details mentioned above are presented in the ROD. DOE 
believes that the removal of soils above a maximum remediation level, essentially regardless of size, 
will protect the worker from small areas of contamination. No access controls would be required. 

• Is DOE aiming primarily at soils down to 10.2 risk 01' 10·3? 

DOE Response: DOE's objective is to not leave soil in place that could allow for greater than an 
average of lO-4 ELCR for industrial land use. Material more dangerous than that would be removed 
or, in limited cases, covered. 

• I have two questions: (l) How do you know what is underneath the buildings? and, (2) obviously, 
you can't remove (contaminated soil) from underneath a building that's an operational building. 

DOE Response: One of the biggest challenges associated with remediating ORNL is conducting 
that remediation while it remains a viable national laboratory. In most cases DOE does not have a 
complete data set underneath the buildings; therefore, there is incomplete information as to the extent 
of soil remediation that may be required under the buildings. In general, soil remediation will w.ait 
until buildings are removed (demolished). Once contaminated soil becomes accessible, the soil will 
be sampled before design of the remediation in that area. The amount of soil requiring remediation 
will be determined consistent with the remediation levels and the GRA logic diagram for soil. 

• Under the PP, all areas in Bethel Valley that are cUl1'ently developed but are not contaminated (such 
as land Ul1der office buildings and parking lots) would be designated for "umestricted industrial use." 
This is the same designation as would be applied to many contaminated areas, and it is assumed to 
allow no excavation deeper than 3 m (lOft). We understand that this is an assumption made for 
purposes of risk assessment, but we are concerned that the analytical assumption will become a 
permanent designation. Broad application of the "umestricted industrial" designation is misleading, 
in that it suggests that there is much more contaminated land than is actually the case. Also, it may 
lead to misallocation of future stewardship effort, as this designation makes it appear that these areas 
are known to be contaminated and must be restricted to indnstrial use. Designations shonld be 
explicitly tied to the nature and extent of residual contamination. Can the "umestricted industrial 
use" designation be subdivided into "umestricted industrial-with residual contamination" and 
"umestricted industrial use assumed-no known contamination?" 

DOE Response: The more contaminated areas of ORNL have been designated for controlled 
industrial use and use access controls below 0.6 m (2 ft). This decision was made because of the 
potential costs associated with remediation to 3 m (10 ft). Other areas that are more lightly 
contaminated have been designated for more aggressive action, to 3 m (10 ft), because this objective 
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can be acbieved economically. However, these unrestricted industrial areas are not necessarily 
clean. Therefore, some type of remediation levels needs to be assigned. Once industrial remediation ( 
levels are assigned instead of residential remediation levels, some type of institutional controls will 
be needed to prevent residential use. Because ORNL is an active national laboratory, the controls 
necessary to prevent residential use are minimal, and their application to truly clean areas does not 
require any additional effort or cost. Once the laboratory is no longer operational, another set of 
remediation levels can be selected in another decision. DOE believes further delineation of 
"unrestricted industrial" into contaminated and uncontaminated areas is not needed. 

• Is DOE's proposed soil removal consistent with the higher risk soils shown in that drawing with all 
the red and orange and yellow on it [commenter is referring to the soil risk map shown in Chap. 6 of 
the RIfFS and shown again in the public meeting]. 

DOE Response: The referenced figure illustrates risk at individual points. The remediation levels 
are averaged over the exposure unit. Therefore, the areas requiring remediation are represented 
on the referenced figure by somewhere between the 10.4 and 10.3 risk contour. However, the 
residual risk will be averaged over the exposure unit and will be less than 10.4 ELCR and, for a 
receptor present for 200 hours at a single point, also less than 10.4 ELCR. 

Clarification on the plan to grout the pipe bedding material 

• Earlier versions of the PP had grouting the bedding material because it is a inarvelous conduit for 
groundwater, which is contaminated, hence enhancing the spread of contamination. The current plan 
is to plug those channels here and there, but only where it affects surface water. This is puzzling 
because it is true that all the groundwater becomes surface water someplace. It seems like those 
channels are facilitating the spread of groundwater that is contaminated. If DOE wants to hold the 
line on the question of the groundwater contamination being spread, it seems like the bedding material 
should be plugged comprehensively. Additionally, plugging only pOltions of the trench may cause 
groundwater to move in unanticipated directions. How will the remedial design decide whether 01' not 
to plug the media channel around a certain pipeline? The preferred altemative for bedding around 
waste lines needs a clearer explanation. The ideas conveyed in the public meeting need to be stated 
in the ROD to indicate the planned criteria for various remedial actions related to these trenches. 

DOE Response: The approach to grouting bedding materials did change between versions of the 
PP. This change was made because of two implementability concerns. First, many of the LLLW 
lines are in the same trench with active utilities. Grouting the bedding maferial would render those 
active lines inaccessible. Second, in some cases the bedding materials are gravel (and can be 
grouted) and in some cases there are no bedding materials present that can be grouted; therefore, 
complete grouting is not viable. Instead, DOE proposed combining trench grouting with shallow 
groundwater collection. In areas where plugging of a trench is proposed, the area hydraulics will 
be evaluated to determine if the water will be collected by an existing sump or if euhancements of 
the shallow groundwater collecti'on system are required to prevent nnexpected movement of the 
groundwater. In other areas with notable groundwater movement, additional groundwater 
collection is planned to control groundwater migration, and less reliance is needed on complete 
trench grouting. The explanation of this interconnection between trench plugging and shallow 
groundwater collection bas been enhanced in the ROD. 
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Subsurface "fixed" contaniination 

• Perhaps some "fixed" contamination under paint should be removed during decontamination and 
decommissioning (D&D) before backfilling. Cnrrently, building basements are to have loose 
contamination removed. Contamination under paint would be considered "fixed" under the preferred 
altemative. We assume buried basements wi11lose their paint after a few years, freeing some of the 
contamination. Portions of some buildings probably have walls that have been given many coats of 
surface treatment to "hide" alpha-particle emitting contaminants. For such buildings, we believe it 
would be appropriate to grind these surfaces while they are accessible. This would require sampling 
walls and floor of at least one radiochemical laboratory that was in a basement to detennine any need 
to remove fixed contaminants. 

DOE Response: The purpose of removing (via wiping, pressure washing, or vacuuming) the loose 
contan.tination during D&D is primarily to remove the potential for airborne contamination during 
construction activities and as a "best management practice." A best management practice is an 
activity that does not contribute toward an RAO but is done because the additional effort is minimal 
(pennies per square foot and low worker risk due to potential to operate at a distance). Neither the 
loose contamination nor the fixed contamination under the paint is contributing to an industrial 
risk (too deep) or a groundwater impact (insufficient volume). The fixed contamination does not 
contribute to the potential of airborne contamination during backfilling. The fixed contamination 
would require considerable effort (dollars per square foot through scabbling) to remove and would 
result in greater potential exposure to remediation workers. Therefore, there is insufficient 
justification to completely remove the material as a best management practice. 

SWSA 3 Decision 

• The rationale for capping SWSA 3 in West Bethel Valley, rather than excavating the waste, is neither 
evident nor fully explained. This site appears to have a smaller inventOlY than other contaminated 
areas and is isolated fi'om other waste areas, so the continued presence of waste at this location would 
have a disproportionate impact on the cost and complexity of future stewardship. The community 
needs more specific information on the technical rationale for recOlmnending that waste be left in 
place in this area, including some reassurance of the tec1mical effectiveness of the proposal to 
intercept upgradient groundwater. 

DOE Response: The technical basis for selecting capping and upgradient water diversion at SWSA 3 
instead of excavation includes the status of releases from the buried waste, the nature of waste in the 
burial ground, and the cost effectiveness of excavation rather than capping. The 90SI' concentrations 
detected in surface water in the NWT and Raccoon Creek are well below the action level for protection 
of recreational users of the area. This condition is not expected to change, and concentratious of 
contaminants in surface water have been decreasing and are expected to decrease even further 
following implementation of the water diversion and site capping. Much of the waste in SWSA 3 
was covered with concrete as part of the burial process. The presence of concrete covering the waste 
both minimizes the contaminant release and makes excavation of the waste more difficult. The 
difference in costs between capping and excavation is more than $90 million. Assuming that the 
maintenance of the cap and groundwater monitoring requirements will decrease over time as the 
strontium activity decays, DOE estimated that nearly 2000 years of O&M would be required 
hefore capping became as expensive as excavation. In addition, the risk to excavation workers will 
he difficult to control due to the uncertainty of the material placed in SWSA 3. Thus DOE, EPA, and 
TDEC concluded that excavation of wastes buried in SWSA 3 is not cost effective for reducing human 
health or environmental risk. Th~ explanation of this rationale has been expanded in Sect. 2.12. 
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• It is recognized that the manner of waste burial in WAG 3, with some concrete caps, discourages 
excavation. If the portions of the waste most apt to trouble future use oftlte site could be identified, a 
partial excavation would be warranted. Consideration should be given to adding a discussion of this 
issue to the ROD. 

DOE Response: Partial excavation was not considered during alternative development or remedy 
selection because the WAG 3 records are not sufficiently detailed to identify the worst problem 
areas of WAG 3. DOE does not have a basis on which to consider partial excavation and, therefore, 
has not added this issue to the ROD. 

• If the current preferred alternative is maintained, the planned water diversion trench should be cut 
deeply enough to intercept all upgradient groundwater that could reach the difficult waste. 

DOE Response: The upgradient diversion channel must function both as a surface water and shallow 
groundwater diversion structure. There is a swale that comes off Haw Ridge to the south, and the 
diversion trench will need to convey the seasonal surface water flows and route the water around 
to the east to NWT. The trench is planned to be excavated to bedrock to capture as much groundwater 
as reasonably possible. Complete dewatering of the buried material may not occnr but is not 
required because the future release potential of the burial ground is decreasing without any action. 

• Several questions were received during the public meeting seeking clarification on the actions 
proposed in West Bethel Valley. 

DOE Response: There are two major burial areas associated with West Bethel Valley: the Contractor's 
Landfill and SWSA 3. The proposed action caps SWSA 3. The Contractor's Landfill currently has 
a 0.6·m (2·ft) soil cover over it. Portions of the covel' are contaminated (identified on Fig. 8 of the 
PP). These contaminated areas along with all contaminated soil in the area above nnrestricted 
remediation levels would be removed. The soil cover would then be repaired. One of the contaminated 
soil areas is called the Closed Scrap Metal Area. Miscellaneous debris located there would also be 
removed. 

• How did that soil become contaminated? In other words, is it a sign of there being leaching and water 
flow from the burial grounds in those directions? Does that suggest additional details that need to go 
into DOE's plruming? 

DOE Response: The Closed Scrap Metal Area did have some waste stored on the surface. The surface 
coutamination inside the SWSA 3 fenced area is derived from contaminated equipment stored on the 
ground surface. Contaminated soil areas adjacent to the burial ground are presumed to have been 
created by seepage of contaminants out of the SWSA 3 waste burial trenches. This shallow groundwater 
seepage is expected to be controlled through diverting surface water and groundwater flows on the 
upslope side of the burial ground aud capping to stop the infiltratiou of water into the waste. 

Project duration and cost/funding 

• How long does DOE estimate the whole project will take? How will DOE obtain the money for this 
project? 

DOE Response: DOE estimates that the project will require through 2014 to complete remediation 
of accessible contamination, assuming that the funding allocations to Oak Ridge for cleanup are 
similar to this last year. Funding is obtained through annual appropriations from Congress. 

00-026(doc)/I11601 3·8 NOYflllber 16, 2001 

( 

( 



• If DOE is going to be spreading the project over approximately 10 + years, during each year as much 
will be spent on O&M as on capital cost, and then the O&M continues on even after completion. 

DOE Response: The annual O&M costs presented in the PP are quite high and are a notable 
portion of the selected remedy. As time proceeds, these costs will decrease as conditions stabilize 
and less monitoring is required. A tradeoff between high capital expenditures for a more complete 
cleanup had to be balanced against greater O&M costs. 

• With respect to the contaminated buildings, if DOE is able to get the funding and either clean up the 
loose contamination and perhaps even remove them within say the 10- or 12-year tinleframe 
referenced, it is fine to ignore my comment. But some of those buildings, especially in Isotope Circle, 
contain very high levels of loose contamination in the hot cells. I say this having been one of the 
people who worked on the isotope program shutdown plan and knowing they did not get the funding 
to do hot cell wash downs. I am not talking about stuff that is embedded in the concrete; I'm talking 
about loose stuff. The ventilation systems, the off gas systems for those hot cells, run on the roofs of 
the buildings. The HEP A filters are on the roofs of the buildings and experience, at least in other 
places, is that particles tend to settle out in various beds. There are particulates in the filters, which as 
far as I know have not been changed to put clean ones in. Ifwe're talking 10 to 12 years, I think the 
impOltant thing is to spend the money on moving forward with the cleanup. But when DOE statts 
talking about 20 years one begins to get concerned. What happens if a tornado comes through? What 
happens if a high wind comes through? The monitoring instt1Jments in those buildings are old; 
they're vacuum tube technology, and one camlOt buy' replacement palis for them. At the time I worked 
on the shutdown plan, the roofs were in poor condition. They were barely able to meet contaiument 
with respect to the ventilation air pressure, so there are a lot of problems there. I understand perfectly 
well that tanks and pipelines are the first priority. But let's please not forget the buildings and not put 
them off too long. Either that or come in and do a quick clean-up of the sort that takes care of the 
loose stuff, so if something goes wrong DOE is not sucking a lot of stuff out of the building. 

DOE Response: DOE understands the request not to delay demolition of the buildings too far into the 
future. DOE intends to maintain the buildings in a safe condition until the demolition can proceed. 
There is currently a sitewide HEPA filter system, and HEPA filters are replaced on a 7-year cycle. 
The S&M program is currently maintaining negative pressures on the hot cells. All remediation 
activities planned for Bethel Valley are important. DOE prioritized as high filling the Gunite 
Tanks and pipelines to limit S&M dollars associated with treatment of water collecting in the tanks 
and because of concerns associated with Gunite Tank shell integrity. DOE also prioritized groundwater 
actions high to limit the spread of contamination. 

• Is any thought being given to looking at the processes proposed to see if they can be made cheaper or 
doing any research investigation because, obviously, the stewardship business, as it goes down 
through the years, is going to be pretty hard to keep coming up with money for. 

DOE Response: The selected remedy does have higher O&M expenses than some of the other 
options, because this option involves long-term management of large volumes of water. There are two 
mechanisms by which more inexpensive technologies may be identified. First, the project will be 
bid competitively, rewarding vendors for innovative, less expensive solutions to all of the efforts. 
Secondly, long-term water treatment has been identified as an expensive component of stewardship 
activities at the ORR, and the draft Stewardship Management Plan bas emphasized the need to 
continue technology development activities for this problem. This need has been sent to DOE's 

. 'technology development program for consideration with future research opportunities. This need 
identification allows the entire DOE complex to consider reasonable solutions. 
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• ClarifY that there is a difference between the PP costs for the prefen'ed altemative for Central Bethel 
Valley ($116 million) and the FS costs for Altemative C-3 for Central Bethel Valley ($197 million). 

DOE Response: The differences in costs are asa result of changes in the preferred alternative after 
further evaluation and negotiations between the FFA parties. These differences were highlighted on 
p. 25 of the PP. The key differences were a reduction in the volumes of soil removed ($50 million 
reduction) and the reduction in pipeline bedding material and process waste line grouting 
($20 million reduction). Both costs are in 1998 dollars. 

• Page 36. In Table 8, the discollllt or interest rate assumed for the present worth calculation is not apparent. 

DOE Response: The discount rate of 7% and an escalation range of 2.5 to 2.7% were used in the 
present worth calculations. More information can be found in Sect. 10.1.7 of the RIfFS. 

Commitment to Stewardship 

• While the DOE presentation at the public hearing indicated that stewardship issues would not be 
covered in the current interim ROD, the PP does include sections directly relevant to stewardship, 
including those on long-tenn effectiveness of the remedies, land use controls (LUCs), and the federal 
commitment to stewardship of the site. Since it is not really known that a Final ROD will occur, and 
the prefen-ed altematives will often require ongoing stewardship activities, the ORSSAB believes the 
Bethel Valley interim ROD should cover the general principles that guarantee effective stewardship. 
The following paragraphs provide some detail for this request. 

(a) Clarity is needed that maintenance of remedial structures and LUC activities are included at 
least for the period until a final ROD is adopted. 

(b) Maintenance of caps, trenches, and treatment facilities is described as a "continuing" activity, 
with no indications of criteria for adequacy or what the word "continuing" means in context. 
The ROD must be explicit on this matter. 

(c) LUCs are briefly listed, with reference to the Land Use Control Assurance Plan (LUCAP). 
(Paragraph 2.5 of that LUCAP states that the PP and ROD must contain an adequate description 
of the land use controls along with conditions for their use "to allow evaluation of each land use 
control under remedy selection criteria contained in CERCLA and the NCP.") The various types 
of LUC are listed only by title in the PP. The ROD should at least meet the requirements of the 
LUCAP in this matter. 

DOE Response: (1) Sect. 2.12.3 of the ROD describes the maintenance and monitoring that will be 
required after completion of the selected remedy. Sect. 2.12.4 describes the LUCs required by this 
selected remedy. (2) Continuing maintenance is required as long as residual waste is a risk 01' until a 
final decision is made. (3) The intent of Sects. 2.12.2-2.12.4 is to provide the necessary information 
about the selected remedy that was used to support the evaluation during the remedy selection 
process. This process was conducted in the FS and the maintenance, monitoring, and LUCs required 
by each alternative were identified and evaluated along with the other elements of the alternatives. 

As provided in the LUCAP, details for implementing and maintaining all LUCs included in the remedy 
encompassed by this ROD will be specified by DOE in a LUCIP submitted to EPA and TDEC for 
approval. The Bethel Valley LUCIP will be submitted and reviewed concurrently with the Bethel 
Valley RDWP. 
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• Other essential stewardship activities that will need to be carried out during the interim remediation 
should be listed in the ROD. The important record keeping, public education, and surveillance 
functions should be listed in the ROD. There is concern that ongoing activities not specifically 
mentioned in a ROD will not endure, and this PP would be the public's only opportunity to comment 
on the remediation program for Bethel Valley. At a minimum, we believe the following points should 
be included in the ROD: 

(a) The essential classes of records to be maintained should be listed. 

(b) A public education program should be specified to include at least a public annllal progress 
meeting (that could also include other areas ofthe Reservation). 

(c) The aspects of Bethel Valley remediation that will require routine surveillance should be listed. 

DOE Response: The Bethel Valley ROD indicates that DOE and the other FFA parties are committed 
to ensuring that LUCs included under the selected remedy will be implemented and maintained for 
as long as they remain necessary to protect public health and the environment. The interim'remedy 
will undergo routine S&M as illustrated in Sects 2.12.2 and 2.12.3 in the ROD to ensure that the 
remedial actions meet their individual performance measures. Some essential stewardship activities, 
such as listing classes of records 01' providing public education opportunities, are beyond the scope of 
the Bethel Valley ROD, and will be addressed in DOE's Stewardship Management Plan currently 
under development. In addition, DOE is planning the revision to the Public Involvement Plan, and 
these types of issues will be addressed with the public during the development of that plan. 

• The CAP recommends that, in addition to the stewardship activities for remedies to be implemented, 
a standard paragraph be inserted into the Interim ROD to capture the principles guaranteeing effective 
stewardship. The CAP challenges DOE, Oak Ridge Operations, and Environmental Management 
(EM) to consider the following as an example, if not the actual paragraph: 

"Contamination will remain in the Bethel Valley Watershed after the remedial actions described. 
These residuals will require monitoring, maintenance of containment structures, and restl'ictions of 
access for the foreseeable future to protect the public's health and environment. The implementation 
and funding of these activities is acknowledged to be the responsibility of goverrnnent of the United 
States of Amel'ica, through its designated agents 01' contractors, until the hazards become negligible. 
The local public will be involved in the oversight of these stewardship activities, by support of a 
citizens' group and by ensuring public input in CERCLA five-year reviews." 

Please comment by adopting this 01' similar wording this ROD and future RODs, 01' justifY why such 
a statement is omitted. 

DOE Response: Similar wording has been adopted in the Declaration of the Bethel Valley ROD. The 
example paragraph provided speaks to the commitment of DOE to stewardship and the involvement 
of the public in that stewardship. Requirements for surveillance, maintenance, monitoring, 
operation, and control of facilities constructed as part of the interim remedy are addressed in this 
ROD. DOE has adopted a policy of public involvement and intends to continue pursuiug public 
iuvolvement. Funding commitments are not made in this ROD; DOE receives funding through 
annual appropriations from Congress. 

• The CAP understands the LUCAP for the Oak Ridge Reservation but is concerned with the lack of 
information on the planned content of the Land Use Controls Implementation Plan (LUCIP), as this 
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document will not be developed until the RDWP is written. Will the public be invited to r",view the 
LUCIP for this Interim ROD as it is developed for the RDWP, a post-ROD document? Because the ( 
Administrative Record ends with the ROD, the CAP is concerned about the lack of requirement for 
further public involvement. 

DOE Response: The LUCIP submittals will be placed in the Post-Decision File where they will be 
accessible to the public. The LUCIP will also be incorporated into Appendix B of the LUCAP and 
will be revised, as necessary, to reflect approved changes to any LUCs. 

• The Federal Facility Agreement for the ORR does not address public involvement in the 5-year 
reviews required at sites where remedial actions result in contaminants remaining above levels that 
allow for unlimited use. Thus, we recommend the ROD include the followiug provisions for public 
involvement: 

(a) Public notice offorthcoming 5-year reviews and invitations to participate extended to interested 
citizens, community groups, and local government. 

(b) Public meetiugs to provide stakeholders with information about remedial activities subject to 
the 5-year reviews, to explaiu the 5-year review process, and to gather community issues and 
concerns related to forthcomiug 5-year reviews. 

( c) Site visits. 

(d) Public review and comment periods for draft 5-year review repOlts. 

(e) Public notice of final 5-year review reports and the location of their availability. 

(f) Distribution of sunnnary fact sheets to all iudividuals and groups who participate iu the 5-year 
review process. 

DOE Response: DOE is planning the revision to the Public Involvement Plan, and these types of 
issues will be addressed with the public during the development of that plan. 

• All alternatives considered would leave hazardous substances iu place, which would require land use 
restrictions for hundreds of years or more. As the municipality with local jurisdiction over this area, 
the City of Oak Ridge will inevitably need to playa major role in assuring long-term stewardship. 
The City, therefore, needs to be a pmticipant iu developing and negotiating the LUCAP for the Oak 
Ridge Reservation (this plan was already agreed upon by DOE, EPA, and TDEC, without local 
government participation) and related plans for long-tenn controls. 

DOE Response: DOE intends to keep the City of Oak Ridge informed of the long-term stewardship 
program. The LUCAP was prepared in response to EPA Region 4 requiremeuts, and agreed upou 
by EPA, TDEC, and DOE. The LUCIP submittals will be placed in the post-decision file where 
they will be accessible to the public. 

• The prefen'ed alternatives are predicated on a long-term stewardship program that would iucIude 
active control measnres such as security patrols, as well as passive control measures such as placing 
notices on propelty records. We are concerned about whether it will be practicable to maintain 
useable records and other controls as long as they are needed, and about how the cOlmnunity will be 
assured that maintenance of these control measures, particularly the active controls, will not someday 
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become a financial burden on the local community. If it is .difficult now for DOE to obtain sufficient' 
federal ftmding to pay for remediation, it will be more difficult in the future to obtain funds for 
long-tenn stewardship. Would the less intensive remediation efforts included in the preferred 
alternatives be attractive fmancially if the true costs of long-tenn stewardship (including 
contingencies for future uncertainties) were factored into the cost analysis? 

DOE Response: It is important to note that this ROD is for interim actions only and should not be 
construed to reflect the final actions for this site. The costs presented in this ROD include the following 
interim actions: maintenance, monitoring, documentation of activities, institutional controls, lind 
water treatment. The cost estimates were prepared in accordance with CERCLA guidelines. A cost 
analysis was then conducted (also in accordance with CERCLA guidelines) to determine the 
cost-effectiveness of each alternative individually aud compare the cost and effectiveness of alternatives 
in relation to each other. 

For West Bethel Valley, DOE completed a separate analysis that considered long-term costs of cap 
maintenance and monitoring. The analysis concluded that a more expensive but more aggressive 
excavation alternative was not more cost effective. (This analysis is presented in the ROD.) For 
Central Bethel Valley, the alternative selection was less dependent on capital costs vs long-term costs 
and more dependent on what was technically feasible while keeping the laboratory operational; 
therefore, no separate analysis was conducted. 

• Page 11, second column, Lines 21-24. While surface waters are classified by the State for the listed 
uses, text conld be added to the ROD describing the existing restrictions on such uses on the ORR 
(e.g., access, fencing, guards, signs). 

DOE Response: The ROD does not require implementation of restrictions on surface water use in 
Bethel Valley and therefore text describing the existing restrictions will not be part of the selected 
remedy. Remediation will be sufficient to meet the classified use of the streams. Although there may 
be restrictions to accessing the streams that may be in place after the remedies are implemented, 
they will be for security reasons and are not required by CERCLA to protect against residual 
contamination. 

• SSAB reviewers recognize that DOE 0451.1A (National Environmental Policy Act Compliance 
Program; approved 06/05/97) requires only that certain NEPA "valnes" (i.e., analysis of cnmnlative, 
off-site ecological and socioeconomic impacts) be incorporated, to the extent practicable, in DOE 
CERCLA docnments. These NEPA valnes are meant to supplement the required CERCLA evaluation 
criteria. We find the PP discussion of the issues and concerns previously identified in the RllFS as 
NEP A valnes to be consistent with the findings stated in the RIIFS. 

DOE Response: Comment noted. 

• Preservation of physical evidence of Oak Ridge's atomic history-and the associated potential for 
heritage tourism-is important to onr cOlmnunity. Therefore. we note with concem that all of the 
remedial alternatives considered for CentrallEast Bethel Valley would include the removal of 
53 buildings (not specifically identified in the PP), apparently including all Manhattan Project and 
early Atomic Energy COlmnission (AEC) structures other than the Graphite Reactor. Although the 
Graphite Reactor is the one building that is designated a National Historic Landmark, there are other 
nearby structures of historic significance that probably could be listed on the National Register of 
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Historic Places and that contribute to Graphite Reactor visitors' appreciation for the history of this 
site. Have the Tennessee Historic Conunission and the Advisory Council on Historic Preservation ( 
provided opinions on the proposal to remove all of these structures (as required under the National 
Historic Preservation Act)? What evaluation has been done to determine whether it would be feasible 
to decontaminate and preserve some additional structures that have historic significance or contribute 
to the historic setting of the Graphite Reactor? The topics of historic preservation and cultural 
resource impacts (which are addressed in all NEPA documents) are missing from this PP, including 
the NEPA Values section, where we expected to fmd them. 

DOE Response: Many of the buildings/structures to be removed during building remediation 
activities are within the ORNL Historic District, which encompasses the 2000-4000 areas of Central 
Bethel Valley. This ORNL Historic District has been recommended for inclusion in the National 
Register of Historic Places under the NHP A (see ARARs in Appendix B). Additionally, the Graphite 
React!!r is a National Historic Landmark. Adverse effects on historic properties will be taken into 
acconnt, and measures to minimize or mitigate them will be evaluated per applicable NHPA 
requirements. 

An architecturallhistorical assessment was performed for ORNL in 1993. The resnlts of this assessment 
were submitted to the Tennessee SHPO. If any of the buildings to be demolished are listed as 
historical properties, approval is required from the SHPO. The SHPO must also be consulted regarding 
measures to mitigate adverse effects to historical properties. This consnltation will occur during 
the design of each project. 

The topics of historic preservation and cultural resonl'ce impacts are included in the NEPA analysis 
for the selected remedy in this ROD. 

• There is no NEPA Values section in this PP, although some of the values in Appendix E, Applicable 
or Relevant and Appropriate Requirements (ARARs), and others are interspersed tlu'oughout the text. 
In the opinion of the CAP, the criteria discussed are inadequate in scope. This does not meet the 
spirit of Hazel O'Leary's Secretarial Policy on the National Environmental Policy Act (June 13. 
1994), which clearly states that "Depmtment of Energy CERCLA documents will incorporate NEPA 
values, such as analysis of cumulative, off-site, ecological, and socioeconomic impacts, to the extent 
practicable." 

DOE Response: Highlights of NEPA Values are provided on pages 37 and 44 of the PP. The 
associated text explains that a more detailed analysis can be fonnd in the FS. The DOE is committed 
to complying with the Secretarial Policy and has incorporated NEPA Values into the Bethel Valley 
ROD. For instance, the ROD (Sect. 2.12.7) includes a table that addresses each NEPA Value as 
applied to the selected remedy as well as some discussion in the main text. 

• The CAP is concerned that DOE continues to include poorly thought-out and executed maps in these 
important CERCLA documents. In the Bethel Valley Proposed Plan, "the" incorrect map has 
returned to page 3 after the public has repeatedly corrected it in past documents. The ORR is entirely 
within the City of Oak Ridge boundaries with the exception of approximately 806 acres in the 
northwest corner adjacent to East Tennessee Technology Park. Please use a map that represents the 
facts. The CAP also suggests that the DOE spend some time cOll,1paring the various maps in the 
proposed plan against the text. Some maps do not show all of the information given by the text, 
which results in confusion on !he part of the reviewer. 
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DOE Response: The City 'of Oak Ridge boundaries shown on the PP map referred to the, metropolitan 
or residential/commercial area of Oak Ridge and not to the City's corporate limits. The PP map 
allowed the reader to see at a glance that residential/commercial areas are not adjacent to contaminated 
areas on the ORR. However, the corresponding map for this ROD has been modified to show the 
City of Oak Ridge corporate limits rather than the metropolitan area. Other maps within the ROD 
have been updated to include locations of facilities or waste units mentioned in the text. 

• The CAP also recommends that the DOE research a better way to include maps in CERCLA and other 
documents. Not all members of the public have access to documents with co'lor maps, and the black 
and white copies provided by the Information Resource Center do not adequately differentiate between 
different-colored areas on the maps. As this information is often only presented on the map, DOE 
must fmd a better way to communicate it. Either provide all documents with color maps, or use some fonn 
of shading or pattern in black and white to allow all readers to understand the infOlmation presented. 

DOE Response: Comment noted. DOE is taking the comment nnder advisement. 

• Page 4, Figure 2. Recommend that the 1000 area be shown on the map. 

DOE Response: Central Bethel Valley maps containing the 1000 Area have been modified to 
indicate that the 1000 Area is actually in West Bethel Valley. 

• Pages 4 and 7. RecOlmnend that First Creek and Fifth Creek be shown on Figure 2 and also on Figure 3. 
The Core Hole 8 plume should also be included on Figure 3. A heavy line similar to the gunite tanks 
line would be appropriate. 

DOE Response: First and Fifth Creek have been added to the ROD figures. However, the Core 
Hole 8 plume was not added. Although DOE understands that this plume is mentioned in the 
documents, to ensure readability of the figures, the level of detail on groundwater contamination 
was not modified. 

• Line 51. The "7500 Bridge" on Figure 3 should be identified or, ifnot possible on Figure 3, then on 
Figure 2. 

DOE Response: The 7500 Bridge has been added, where appropriate, to figures in the ROD. 

Natural Resources 

• While many decisions on the Oak Ridge Reservation are implemented due to regulatory conunitments 
associated with the Federal Facilities Agreement, the DOE, acting as a natural resource trustee, must 
also ensure that its actions are fully protective of the response it is entrusted to protect. 

Since land use controls are ineffective in reducing exposure of site-related contaminants to ecological 
receptors, remedial actions must reduce ecological risks to levels that will result in the recovery and 
maintenance of healthy local populations and cOlmnunities of biota. 

DOE Response: The selected remedy is protective of the ecological receptors, reduces risks, and 
allows for recovery and maintenance of healthy local populations and communities. The impacted 
species identified in the baseline ecological risk assessment were the aquatic species in the local 
·cl·eeks. As noted in Sect. 2.13.1, Overall Protection 'of Human Health and the Environment, 
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"Grouudwater treatmeut actious for mercury and removal of contaminated sediments in the 
streams will allow AWQC to be met and will protect the aquatic species iu those streams." 

• For the Oak Ridge Reservation, a streamlined process should be developed to address natural resource 
trustee concerns concurrently with CERCLA investigations, documentation, and remedial action 
implementation. We do not believe that the watershed approach, utilized in recent years by DOE at 
Oak Ridge, has been effective in reducing CERCLA docmnentation requirements, managing uncertainty 
associated with remedial action decisions, and, most importantly from our perspective, ensuring 
ecologically safe clean-up levels 01' that potential exposure pathways to ecological receptors have 
been removed. 

DOE Response: General comments on the strategy of addressing natural resource considerations as 
part of the existing CERCLA process should be directed to the ORR Natural Resource Trustee 
Council (NRTC). Comments and recommeudations received on specific ORR CERCLA documents 
from members of the ORR NRTC are taken into consideration during finalization of these documents. 
Although NRTC members do not have the same role as the parties to the FFA in reviewing and 
concurring on documents, please be assured that the integration of NRDA into the CERCLA process 
is an ongoing process. 

• We are pleased that the DOE recognized the Endangered Species Act as a location-specific ARAR in 
Appendix E; however, the absence of a specific monitoring plan to fully address the potential for 
remaining impacts does not ensure full compliance with the Endangered Species Act 01' other 
ARARs. The Migratory Bird Treaty Act is also a location-specific ARAR for planned remedial 
actions/decisions implemented on the Oak Ridge Reservation. 

DOE Response: Surveys by DOE in 1994 (DOE/ORl01-13021V1) and 1996 (ES/ERlTM-188/R1) 
indicated there were no threatened or endangered species or designated critical habitat identified 
in the Bethel Valley watershed. Therefore, a specific monitoring plan for the Endangered Species 
Act is not required. 

The DOE will conduct post-remediation monitoring to evaluate compliance with RAOs, as specified 
in Sect. 2.12.3 of the ROD, to ensure that protection of human health and the environment is 
achieved. The monitoring includes evaluation of residual contamination levels related to ecological 
protection in surface water, soils, and sediments. Additionally, DOE will carefully evaluate its 
remediation activities to ensure full compliance with the Endangered Species Act and other ARARs 
in the ROD. 

The DOE believes that the Migratory Bird Treaty Act (MBTA), in particular Sect. 703, taking, 
killing, or possessing migratory birds unlawful, is not an ARAR for actions in Bethel Valley. The 
MBTA Sect. 703 generally prohibits taking (e.g., killing, capturing, possessing, offering for sale, 
export, etc.) of migratory birds or their nests except as prescribed in hnnting regulations and is not 
really an environmental protection statute but rather has been dubbed by legal commentators as a 
"hunting law." This act has not been cited as an ARAR in other RODs on the ORR. 

Miscellaneous 

• Page 19 (Alternative C-I-No Action) and page 20 (Alternative W-I-No Action). The no-action 
alternative seems ambiguous in DOE CERCLA documents. Does it mean cessation of existing 
protective procedures as suggested in this document? 01' does it mean not proceeding with any of the 
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other alternatives? If the fOlmer, chances are it would not be allowed by the regulators. For purposes 
of comparison of alternatives, the current status should be the baseline. . 

DOE Response: The no action alternative is cessation of existing protective procedures in both 
alternatives. It matches the conditions of the baseline risk assessments. This definition is necessary 
to demonstrate that the current protective procedures are necessary. The no action alternatives are 
not intended to he viable alternatives, they are developed to he a basis for coiuparison with other 
alternatives and to illustrate that basic institutional controls are needed. The alternative that is 
described above as not adding more actions is considered a limited action alternative. It was not 
evaluated for Bethel Valley. 

• On December 2, 1999, U.S. Fish and Wildlife Service (Service) personnel participated in a conference 
call with DOE representatives regarding our comments on the Remedial Investigation/Feasibility Study 
jor Bethel Valley Watershed, Oak Ridge, Tennessee (DOE/ORJOI-1748N2&D2). We expressed 
numerous concerns about the need for a complete characterization of the nature and extent of 
contamination present in the Bethel Valley watershed, and about the specific assumptions made in the 
ecological risk assessment. We were assured that "although the scope of additional data collection 
and evaluation for design purposes for ecological protection is not yet defmed, input from the Service 
will be used and incorpClrated as appropriate." Unfortunately, the subject proposal is very general in 
telms of a post-interim remedial action-monitoring plan to address remaining uncertainties. 

DOE Response: Development of the monitoring plans has not yet begun. The Service will have the 
opportunity to provide input in the development of a more comprehensive monitoring plan after 
the BV ROD has been signed and during subsequent updates of the monitoring plan. 

• With this PP the DOE has 'abandoned the Annotated Outlines jor Documents required by the Federal 
Facility Agreement and CERCLA jor Oak Ridge Reservation Sites, JaI1lIGlJ' 1993. The FFA Project 
Manager's Office assures the CAP that new versions of the Annotated Outlines are out for DOE 
review and will soon be in place. The Annotated Outlines provide both a set of tools and a quantitative 
measure for ORR CERCLA documents. The CAP reserves the right to conunent on the revised and 
updated Annotated Outlines when they are released to the public. 

DOE Response: The existing annotated ontline was not nsed for this PP as noted by the com menteI'. 
The ontline is considered out of date. New versions of all annotated outlines are being generated. 
The new versions of the Annotated Outlines for the PP and ROD will take into account the July 
1999 guidance from EPA on preparing proposed' plans, records of decision, and other remedy 
selection decision documents. Although there is no specific requirement for public involvement 
with the Annotated Outlines, DOE would welcome review of the Outlines by the public. 

• The CAP found it difficult to discover the documentation for the decisions reached between parties 
for the Federal Facility Agreement (FFA) for this PP. The Administrative Record File is deficient in 
tins respect. The Procedure jor Environmental Restoration Administrative Records Management - 1991 
states that the following should be included: DOE and regular signature correspondeuce, approved/signed 
regulator meeting minutes, regulator telephone conversations, telephone conversations (contractor 
level), and internal communications (contractor level). When the Administrative Record File 
becomes the Administrative Record (at the point the ROD is signed), DOE and the regulators must 
ensure that the Administrative Record is complete as specified in the cited procedure. 

DOE Response: Prior to signature of the ROD, the Administrative Record was reviewed to ensure 
inclusion of all appropriate documents. 

00-026(doc)/11l601 3-17 November 16. 2001 



• DOE's follow-up action will be the groundwater ROD; it was mentioned earlier in the presentation ( 
that DOE will evaluate the effects of source removal on the groundwater. How long will it take to 
evaluate the effects? What kind of response do you expect to see? 

DOE Response: DOE is currently anticipating developing an additional ROD for East and West 
Bethel Valley groundwater after 3 to 5 years of monitoring has occurred on the groundwater following 
implementation of the interim actions. Source control actions in the main portion of ORNL are not 
anticipated to be completed until the facility is no longer operational in the current 3000 Area. 
Therefore, the groundwater decision on this portion of the plant is delayed past 2010. It is 
anticipated that in all cases, the interim actions should result in a decrease in nearby gr,oundwater 
concentrations within a few years. This strategy for further decision making is still under 
negotiation with EPA and TDEC. 

• What is the estimate of the average flow in White Oak Creek? 

DOE Response: In 1994, the mean flow measured at the 7500 Bridge was 20,800 L/min 
(5500 gaVmin). However, the flow volume can normally vary from 3,800 to 38,000 L/min (1000 to 
10,000 gaVmin) depending on rainfall. 

• How many buildings will be left at ORNL after completion of the D&D work? 

DOE Response: Upon completion of the D&D activities outlined in this ROD, more than 100 
buildings including wastewater treatment plants, operational laboratories, and office spaces, will 
remain. 

• Are any of the hot cell facilities active today? 

DOE Response: None of the hot cells covered by this ROD are being used. There are a number of 
active hot cells at the ORNL site that UT-Battelle is maintaining. 

• Page 2: Recommend the addition of the "Feasibility Study DOE/ORlOI-1748NI&V2&D2" to the 
list of references of the PP. 

DOE Response: Although the PP will not be revised, the RIfFS for Bethel Valley Watershed is 
included in the list of references for this ROD. 

• Recommend that the LUCAP be added to the list of references of the PP. 

DOE Response: Although the PP will not be revised, the 1999 MOU between DOE, EPA, and 
TDEC (which includes the LUCAP) is inclnded in the References section of this ROD. 

• Reconnnend that the following be added to the Glossary: Land Use Control (LUC), Land Use Control 
Assurance Plan (LUCAP), and Land Use Control Implementation Plan (LUCIP). 

DOE Response: Tbe PP will not be revised. 

• Page 19 (top of 2nd colunrn). Suggest that "Table B.3." be added to "a and b" (a and b; Table B.3) 
also on pages 20 and 21. Readers need to know where "a and b" can be found. 

DOE Response: The PP will not be revised. 
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( • Several reviewers suggested that a basic flow chatt orthe Comprehensive Environmental Response, . 
Compensation, and Liability Act (CERCLA) process would assist in understanding the schedule and 
sequence of activities and decisions for the watershed approach to decision making. 

DOE Response: Although the PP will not be revised, this comment will be taken into.consideration 
for future PPs. 
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Table A.i. Selected remedy forindividual potential source units in Bethel Valley, ORNL, 
Oak Ridge, Tennessee 

SWMU 
Waste type FFA or FS unit name (Bld2. No.) number Selected remedy 
Facilities Low lutensity Test Reactor Heat No further action. Facility has been completely 

Exchanger (3077) removed. 
Thorium Storage Wells 1-10 No further action. Thorium storage wells 

removed in earlier maintenance action. 
Graphite Reactor (Bldg. 3001) Contain reactor core. 
3001 Storage Canal (Graphite Reactor) 1.79 No further remedial action. Land use controls. 
High Radiation Level Analytical Facility Remove inactive buildings/facilities to grade 
(3019B) level. Decontaminate and stabilize or remove 
Transfer Canal and Dissolver Pit (3505) 1.62 s!ruclnres at or below grade. depending on cost 
Metal Recovery Facility (3505) effectiveness and extent of soil contamination. 
Fission Product Development Laboratory Dispose of debris at EMWMF or other suitable 
(3517) facility. 
Fission Product Pilot Plant (3515) 
Graphite Reactor Storage Canal Overflow 1.& 
(3001/3019) 
Graphite Reactor Filter House (3002) 
Underground Exhaust Ducts 3001-3003 
Graphite Reactor Stack (3018) 
Krypton-&5 Enrichment Facility (3026C) 
Graphite Reactor Fan House (3003) 
Metal Segmenting Hot Cell Facility (3026D) 
3110 Filter House (including isotopes 
ductwork) 
ORRR Cell Vent Filters (3139) 
Low Intensity Test Reactor (3005) 
Oak Ridge Research Reactor (3042) 
ORRR NOG Filter Pit Charcoal Filter (3126) 
ORRR 25-Meter Target House [Flight 
Tube Building (3107)] 
Alpha Powder Facility (302&) 
Radioisotope Production Laboratory-C 
(3030) 
Bulk Shielding Reactor (3010) 
Source Development Laboratory (3029) 
ORRR Neutron Spectrometer Station 
(Neutron Flight Tube Bldg. 30&3) 
Radioisotope Production Laboratory-H 
(3118) 
Radioisotope Production Laboratory-D 
(3031) 
Radioactive Packaging and Handling 
Facility (303&-M) 
Alpha Handling Facility (303& AHF) 
Isotope Material LaboratOl)' 
003&-E) 
ORRR AlC Cooling Tower (3089) 
Pool-water Cooling Tower (30&6) 
Radioisotope Production Laboratory-E 
(3032) 
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Table A.1. Selected remedy for individual potential source units in Bethel Valley, ORNL, Oak Ridge, Tennessee 
(continued) 

SWMU 
Waste type FFA or FS unit name (Bide:. No.) number Selected remedy 

Facilities ORRR POG Filter Pit Off-Gas Filter Remove inactive buildings/facilities to grade 
(continued) (3109) level. Decontaminate and stabilize or remove 

Storage Pad (3099) structures at or below grade. depending on cost 
Krypton Storage Cubicle (3093) effectiveness and extent of soil contamination. 
ORRR 1O,000-Gallon Decay Tank Dispose of debris at EMWMF or other suitable 
Radioactive Gas Processing Facility (3033) facility. 
ORRR Pumphouse (3085) 
ORRR Heat Exchanger (3087) 
Radioactive Production Laboratory 
Atmex (3033A) 
Radioisotope Services Building (3034) 
Aboveground Demineralized-Water 
Holding Tanks 
ORRR Heat Exchanger Pit (3102) 
ORRR Cooling Tower No. 3 (3103) 
High-Level Chemical Development Lab 
Filter Pit (4556) 
High-Level Chemical Development 
Laboratory (4507) 
Water DemineralizeI' (3004) 
BSR Pumphouse (3009) 
BSR Storage (3088) 
BSR Filter House (3098) 
Storage Shed (3101) 
BSR Cooling Tower (3117) 
BSR Heat Exchanger and Pumphouse 
(3119) 
Tritium Target Preparation Facility Demolish surface facilities to 3 m (10 ft) below 
(7025) grade and dispose of debris in ORR EMWMF or 

other suitable facility. Remove loose contamination 
from remaining substructures and backfill with 
soil or flowable fill. 

Waste Evaporator Facility (3506) 1.62 Facility demolished and basement filled. No 
further action. Land use controls. 

Buried waste SWSA3 3.1 Install a multilayer cap to protect the maintenance 
worker and recreational user and to minimize 
impacts to groundwater: install upgradient 
diversion trench to minimize impacts to 

I groundwater. 
SWSA I (2624) 1.46 Install a cap. Laud use controls. 
NR WTP Debris Pile Install/maintain 0.6 m (2 ft) of soil cover. Land 
Fonner Wa,te Pile Area (south ofNRWTP) 1.58 use controls. 
Contractor's Landfill (1554) 3.3 Maintain soil cover to protect the maintenance 

worker and recreational user. 
Gunite and Inactive LLLW Tank W-1 1.23A Grouted in early action. No further remedial 
concrete tank Inactive LLLW Tat,lk W-2 1.23B action. Land use controls. 
shells Inactive LLLW Tank W-l1 1.27 

Inactive LLLW Tank W-3 1.24A Grouting oftank shells to occur under planned 
Inactive LLLW Tank W-4 1.24B n01Hime~critical removal action. Land use controls. 
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Table A.I. Selected remedifor individual potential source units in Bethel Valley, ORNL, Oak Ridge, Tennessee 

(continued) 

SWMU 
Waste type FFA or FS unit name (Bid!!. No.) number Selected remedy 

Gunite and Inactive LLLW Taok W-5 1.26A Grouting of tank shells to occur under platUled 
concrete taok Inactive LLLW Tank W-6 1.26B non-time-critical removal action. Land use controls. 
shells Inactive LLLW Taok W-7 1.26C 
(continued) Inactive LLLW Taok W-8 1.26D 

Inactive LLLW Tank W-9 1.26E 
InactiveLLLW Taok W-IO 1.26F 
Inactive LLLW Tank TH-4 1.32 Grouted in early action. No further remedial 
Inactive LLLW Taok 3003-A 1.74 action. Land use controls. 

Steel taoks Inactive LLLW Tank W-IA 1.28 To be addressed as part of source removal for 
the Core Hole 8 Plume. 

Inactive LLLW Tank W-20 1.56B Tanks grouted in early action. No further 
Inactive LLLW Taok W-19 1.56A remedial action. Land use controls. 
Inactive LLLW Tank W-17 1.42B 
Inactive LLLW Tank W-16 
Inactive LLLW Tank W-18 1.42C 
Inactive LLLW Taok WC-4 1.36 
Inactive LLLW Taok WC-3 1.35 
Inactive LLLW Tank WC-9 1.37D 
Inactive LLLW Tank W-II 1.66 
InactiveLLLW Taok WC-IO l.39A 
Inactive LLLW Taok WC-II 1.39B 
Inactive LLLW Taok WC-I 1.29 
(and Valve Pit) 
Inactive LLLW Tank WC-12 1.39C 
btactive LLLW Tank WC-I3 1.39D 
Inactive LLLW Tank WC-15 1.30A 
Inactive LLLW Tank WC-l7 1.30B 
Inactive LLLW Taok W-13 l.25A 
btactive LLLW Taok W-14 l.25B 
Inactive LLLW Taok W -15 1.25C 
Inactive LLLW Tank H-209 1.71 
Inactive LLLW Taok 3013 1.76 
Inactive LLLW Taok W-12 1.41 
Inactive LLLW Tank WC-7 1.38 
Inactive LLLW TanK TH-I 1.31'A 
Inactive LLLW Tank TH-2 1.31B 
hlactive LLLW Tank WC-8 1.37C 
Inactive LLLW Tank WC-6 1.37B 
Inactive LLLW Tank WC-5 1.37A 
Inactive LLLW Tank TH-3 I.3IC 
Inactive LLLW Tank WC-2 1.34 
Inactive LLL W Tank WC-19 1.40 
Inactive LLLW Tank WC-14 1.39E 
Inactive LLLW Taok 2026A 1.33 Taoks gt'Outed in early action. Remove vaults to 

btactive LLLW Tank F-501 1.65B 0.6 m (2 ft) below grade if contaminated and 
backfill. Land use controls. 

Inactive LLLW Taok S-424 1.64C Remove ta,lk contents, grout tank in place. 
Remove vaults to 0.6 m (2 ft) below grade if 
contaminated and backfill. 
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Table A.1. Selected remedy for individual potential source units in Bethel Valley, ORNL, Oak Ridge, Ten'nessee 
(continued) ( 

SWMU 
Waste type FFA or FS unit name (Bldg. No.) number Selected remedy 

Steel tanks Inactive Filter House Seal Tank 3002·A 1.68 Tanks grouted in early action. Remove vaults to 
(continued) Inactive LLLW Tank 4501·P 1.67C 0.6 m (2 ft) below grade if contaminated and 

Inactive LLLW Tank T·30 1.78 backfill. Land use controls. 
Inactive LLLW Tank 3001·B 1.73 
Inactive LLLW Tank 3004· B 1.75 
Inactive LLLW Tank F·201 1.65A 
Inactive LLLW Tank LA· 104 (F· 104) 1.70 Tank removed in earlier action. Address vault as 

; part of Bldg. 3047 D&D. 
Melton Valley Inactive HFIR Complex LLLW Tank T· 1 8.7A Remove tank contents, grout tanks in place. 
steel tanks Inactive HFIR Complex LLLW Tank T·2 8.7B 

Inactive HFIR Complex LLLW Tank 8.6 
Inactive Tank T· 14 5.16 Tank grouted in early action. No further 

remedial action. Land use controls. 
Inactive Tank WC·20 8.5 Tank grouted in early action. Remove vaults to 

0.6 m (2 ft) below grade if contaminated and 
backfill. Land use controls. 

Mel'cury~ Mercury·Contaminated Soil 1.2 Conduct design investigation. See Fig. 2.34 to 
contaminated (Bldg. 3592) determine if excavation is required. Land use 
soil Mercury·Contaminated Soil 1.1 controls. 

(Bldg. 3503) 
Mercury·Contaminated Soil 1.4 
(Bldg. 4508) 
Mercury·Contaminated Soil 1.3 ( 
(Bldg. 4501) 

Radioactively Contaminated Surfaces and Soil from Excavate contaminated soil above remediation 
contaminated 1959 Explosion in Bldg. 3019 Cen levels to up to 0.6 m (2 ft) and backfill with 
soil Contaminated soil detected through clean soil. Dispose at the ORR EMWMF or 

radiological walkover other suitable facility. 
7078 Area Fornler Construction Dump Site 0.11 Conduct design investigation. Sec Fig. 2.34 to 
Abandoned BUl1l Pit 0.1 detennine if excavation of contaminated soil to 
C·14 Allocation in Woody Biomass depth on m (10 ft) is required. 
Plantation Species 
West End Dump Site 0.61 Conduct design investigation. See Fig. 2.34 to 

determine if excavation of contaminated soil is 
required. 

SWSA 3 Contaminated Excavate contaminated soil above remediation 
Soil No. I levels. Use as below·cap fill. 
Soil No.2 
Soil No.3 

Closed Scrap Metal Area (1562) 3.2 
ORRR Decay Tank Ruptnre Site (3087) Conduct design investigation. See Fig. 2.34 to 
Deconunissioned Waste Holding Basin 1.11 detenlline if excavation of contaminated soil to 
(3512) (soils) minimize impacts to groundwater is required. 
3517 Filter Pit Contaminated Soil (Fission 1.20 SUlface soil ,,;n undergo evaluation per Fig. 2.34. 
Product Development Laboratory) 
LLLW Lines and Leak Sites-Northwest I.5V 
ofSWSA 1 
LLLW Lines and Leak Sites-East of 1.5N 
Bldg. 2531 
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Table A.1. Selected remedy for individual potential source units in Bethel Valley, ORNL, Oak Ridge, Tennessee 

(continned) . 

SWMU 
Waste type FFA or FS unit name (Bldg. No.) number Selected remedy 

Radioactively LLLW Lines and Leak Sites-Southwest l.5E Conduct design investigation. See Fig. 2.34 to 
contaminated Corner of Bldg. 3019 deterntine if excavation of contaminated soil to 
soil Fission Product Development Laboratory 1.21 minimize impacts to groundwater is required. 
(continued) LLL W Transfer Line Surface soil will undergo evaluation per Fig. 2.34. 

LLL W Lines and Leak Sites- 1.5U 
Bldg. 3518, West 
Contamination at Base of3019 Stack 
LLLW Lines and Leak Sites-North of 1.5D 
Bldg. 3019 
WC-I0 LLLW Line Leak Site 
LLL W Lines and Leak Sites-West of l.5C 
Bldg. 3082 
LLLW Lines and Leak Sites-South of 1.5A 
Bldg. 3020 
LLLW Lines and Leak Sites-East of l.5B 
Bldg. 3020 Stack 
Fission Product Pilot Plant Contantinated 
Soil 
LLLW Lines and Leak Sites-Under 1.50 
Bldg. 3515 
LLLW Lines and Leak Sites-Bldg. 3525 1.5P Conduct design investigation. See Fig. 2.34 to 
to a Sump determine if excavation of contaminated soil to 
LLLW Lines and Leak Sites-Under l.5J minimize impacts to groundwater is required. 
Bldg. 3026 Land use controls. Maintain minimum '0.6-111 
LLLW Lines and Leak Sites- 1.5S (2-ft) soil cover. 
Abandoned Line Central Avenue Area 
LLLW Lines and Leak Sites-Under l.5Q 
Bldg. 3550 
LLLW Lines and Leak Sites-Between 1.5F 
W-5 and WC-19 
LLLW Lines and Leak Sites-Bldg. 3092 1.51 
Area 
LLLW Lines and Leak Sites-Bldg. 3503 1.5W 
Ground Contamination 
LLLW Lines and Leak Sites-Sewer 1.5R 
Near Bldg. 3500 
LLL W Lines and Leak Sites-Bldg. 3028 I.5M 
LLLW Lines and Leak Sites-Between I.5K 
WC-l andW-5 
LLLW Lines and Leak Sites-ORRR 1.5L 
Water Line (Bldg. 3085) 
LLLW Lines and Leak Sites-Under l.5G 
Bldg. 3047 
LLLW Lines and Leak Sites-General l.5H 
Isotopes Area (3037.3038.3034) 
Low Intensity Test Reactor Ponds 
(3085W) 
LLLW Lines and Leak Sites- l.5T 
Bldg. 4508. North 
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Table A.t. Selected remedy for individual potelltial source units ill Bethel Valley, ORNL, Oak Ridge, Tennessee 
(colltillued) ( 

SWMU 
Waste tvpe FFA or FS unit name (Bide. No.) number Selected remedv 

Radioactively North and South Tank Fann Conduct design investigation to detennille if all 
contaminated Contaminated Soil (includes Tank W-IA source removed. See Fig. 2.34 to detennine if 
soil Contaminated Soil) more excavation to minimize impacts to 
(continued) groundwater is reauired. 

SWSA 2 (4003) 1.47 Land use controls. Maintain minimum 0.6-m 
(2-ft) soil cover. 

Equalization Basin (3524) 1.13 Sediment removed under SIOU. No fi111her 
Waste Holding Basin (3513) 1.12 remedial action. 
Process Waste Pond (3540) 1.15 
Process Waste Pond (3539) 1.14 
Abandoned Underground Waste Oil Conduct design investigation. See Fig. 2.34 to 
Storage Tank 7002A (soils) detennine if excavation of contaminated soil to a 

depth of3 m (10 ft) is required. 

Pipelines Inactive LLLW pipelines in the Grout LLLW pipelines. Contain bedding 
controlled industrial area material allowing discharge of contaminated 

groundwater to surface water using grouted 
trench barriers or equivalent. D&D associated 
structures. Dispose of at the EMWMF or other 
suitable facility. 

Inactive LLL W pipelines and Remove pipelines and contaminated bedding 
contaminated process lines outside the .. material. D&D associated structures. Dispose of 
controlled industrial area at the EMWMF or other suitable facility. 

Sediment White Oak Creek. First Creek. and Fifth Remove sediment to depth of deposition. Dispose 
( 

Creek soillsediment of at the EMWMF or other suitable facilitv. 

Groundwater Core Hole 8 PlumelW AG 1 Groundwater Install grOlmdwater extraction wells and sumps 
(Stonn Flow) in existing itmction boxes. Treat water at PWTC. 
Core Hole 33 Plume Controlled through existing sumps 

South Area Plume Monitoring 
West Bethel Valley Plume 
Contaminated sumpslW AG 1 Collect and treat water from sumps 
Groundwater (Stoml Flow) 
East Bethei Valley VOC Plume In situ bioremediation 
Bethel Valley Unneeded Wells Grout poor-quality or obsolete monitoring wells 

and piezometers and abandon in place (est. 229 
wells) 

Land parcels 6.6-acre area, predominantly an No filrther action for soil; land use controls 
available for asphalt-paved parking lot east of 
transfer to Bldg. 4500 North 
nOli-federal I.7-acre parking lot area northeast of' 
ownership Bldg. 5002 
(Appendix E) I-acre parking lot area northwest of 

Bldg. 1505 
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( Table A.1. Selected remedy for individual potential source units in Bethel Valley, ORNL, 
Oak Ridge, Tennessee (continued) 

NC ~ Air-conditioning 
BSR ~ Bulk Shieldulg Reactor 
D&D = decontamination and demolition 
EMWNIF = Environmental Management \Vaste 

Management Facility 
est = estimated 
FWP A ~ Fonner Waste Pile Area 
HFIR ~ High Flux Isotope Reactor 
LLLW ~ liquid low-level (radioactive) waste 
LL W = low-level (radioactive) waste 
NOG ~ nonnal off-gas 
NRWTP = Nonradiological Wastewater Treatment Plant 
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ORNL ~ Oak Ridge National Laboratory 
ORR ~ Oak Ridge Reservation 
ORRR ~ Oak Ridge Research Reactor 
POG = pressurized off-gas 
PWTC = Process Waste Treatment Complex 
ROD = record of decision 
SIOU ~ Surface Impoundments Operable Unit 
SWMU ~ Solid Waste Management Unit 
SWSA = solid waste storage area 
VOC = volatile organic compound 
\V AG = waste area grouping 
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APPENDIXB 

APPLICABLE OR RELEVANT AND APPROPRIATE REQUIREMENTS 
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APPLICABLE OR RELEVANT AND APPROPRIATE 
REQUIREMENTS 

Section 121 (d) of the Comprehensive Environmental Response, Compensation, and Liability Act of 1980 
(CERCLA) specifies, in part, that remedial actions for cleanup of hazardous substances must comply 
with requirements and standards under federal or more stringent state environmental laws and regulations that 
are applicable or relevant and appropriate (ARAR) to the hazardous substances or particnlar circumstances 
at a site or obtain a waiver [see also 40 Code of Federal Regnlations (CFR) 3000430(f)(I)(ii)(B)]. ARARs 
include only federal and state environmental or facility siting laws/regulations and do not include occupational 
safety or worker radiation protection requirements. In addition, per 40 CFR 3000400(g)(3), other advisories, 
criteria, or guidance may be considered in detelmining remedies [the so-called to be considered (TBC) 
guidance category]. In accordance with 40 CFR 3000400(g), the U.S. Department of Energy (DOE), the 
Tennessee Department of Environment and Conservation (TDEC), and the U.S. Environmental Protection 
Agency (EPA) have identified the specific ARARs and TBCs for the specified actions. The selected 
remedy complies with all ARARsffBCs related directly to implementing the selected actions and does 
not require an ARAR waiver(s). Tables B.I, B.2, and B.3, respectively list the chemical-, location-, and 
action-specific ARARsffBCs for component actions in the selected remedy. A brief description of key 
ARARffBC issues follows. 

CHEMICAL-SPECIFIC ARARsffBC 

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

. pollutants, or contaminants and are listed on Table B.l and discussed below. 

Surface Water. White Oak Creek is designated. for Fish and Aquatic Life, Recreation, and 
Livestock Watering and Wildlife uses, but not for Domestic or Industrial Water Supply or for Irrigation. 
All other named and unnamed surface waters in the watershed, including Raccoon Creek and the NOIthwest 
Tributaty, are also classified for Irrigation by default under Rules of the TDEC Chapter 1200-4-4. Treatment 
of mercuiy-contaminated groundwater collected from building sumps before discharge to White Oak 
Creek is planned. On completion of the source control actions in Bethe) Valley, numeric ambient water 
quality criteria (A WQC) and narrative criteria for the protection of human health and aquatic organisms 
for site-related contaminants will be met in all surface waters located in Bethel Valley in a reasonable 
timefi'ame per 40 CFR 3000435(f)(3). Consistent with EPA guidance (EPA-823-B-94-005A, 1994), compliance 
with numeric A WQC for Recreation and Fish and Aquatic Life use classifications is sufficiently stringent 
to ensure protection of other uses for which there are nanative, but not numeric, criteria (i.e., Irrigation 
or Livestock Watering and Wildlife). 

Groundwater. Extraction and treatment of the Core Hole 8 Plume and bioremediation of the East 
Bethel Valley volatile organic compound (VOC) Plume will minimize further impacts to groundwater by 
minimizing fUlther growth of the plumes. Safe Drinking Water Act of 1974 (SDWA) maximum 
contaminant levels (MCLs)/maximum contaminant level goals (MCLGs) will be used during this action 
as values to assess groundwater quality and to evaluate effectiveness of source-control actions. Final 
groundwater decisions for Bethel Valley are being defened to a later decision document. At that time. a 
decision will be made as to whether the SDWA MCLsfMCLGs are ARAR for groundwater cleanup. 
Depending on the classification of the groundwater, remediation goals may include restoring 
groundwater to meet any conesponding criteria (both numeric and nanative) that are ARAR. Following 
completion of all source actions in Bethel Valley, a final groundwater decision will be made. 
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Radiation Protection. Relevant and appropriate U.S. Nuclear Regulatory Commission (NRC) radiation 
protection requirements include (I) an exposure limit for individual members of the public of 100 mrem/year ( 
total effective dose equivalent (EDE) from all sources excluding dose contributions from background 
radiation, medical exposures, 01' voluntary participation in medicaVresearch programs [10 CFR 20.1301(a)(I)]; 
and (2) the need to fmiher reduce exposures to as low as reasonably achievable (ALARA) levels 
[10 CFR 20.1101(b)]. Notwithstanding these ARARs, proposed actions (e.g., removing 01' covering 
contaminated soils) wi11limit exposures to radioactive contaminants and protect all users to a risk level 
within the target risk range, consistent with the EPA guidance On CERCLA risk levels for radionuclides 
(EPA Office of Solid Waste and Emergency Response Directive 9200.4-18) and DOE Order 5400.5 TBC 
requirements for residual radioactivity in soils. 

LOCATION-SPECIFIC ARARsnBC 

Location-specific requirements establish restrictions on permissible concentrations of hazardous 
substances or establish requirements for how activities will be conducted because they are in special 
locations (e.g., wetlands, floodplains, critical habitats, historic districts, streams). Table B.2 lists federal 
and state location-specific ARARs for protection of cultural or sensitive resources. 

Cultural Resources. Many of the buildings/structures to be removed during building remediation 
activities are within the Oak Ridge National LaboratOlY (ORNL) Historic District, which encompasses 
the 2000-4000 areas of Central Bethel Valley. This ORNL Historic District has been recommended for 
inclusion in the National Register of Historic Places under the National Historic Preservation Act 
(NHP A). Additionally, the Graphite Reactor is a registered National Historic Landmark. Adverse effects 
on historic properties will be taken into account, and measures to minimize or mitigate them will be 
evaluated per applicable NHPA requirements. 

Aquatic Resources. Removal of contaminated sediment and floodplain soils may. involve diversion 
of stream flow, bank stabilization, removal of riparian vegetation, and dredging. All land-disturbing 
construction activities (e.g., excavation, trenching, capping, soil covers, etc.) with the potential to impact 
surface waters from StOlID water runoff will be designed and implemented using best management 
practices as well as erosion and sedimentation controls to comply with stOlID water control and aquatic 
resource alteration requirements. Additionally, the Clean Water Act of 1972, as amended (CWA) Section 
404 requirements for protection of aqnatic resources at 40 CFR 230.10 must be met if the action involves 
any discharges of dredged or fill material into aquatic ecosystems. Applicable requirements to protect 
aquatic resources during land-disturbing construction operations are listed in Table B.2. 

Wetlands/Floodplains. The selected remedy includes excavation of contaminated floodplain soils 
and sediments to minimize contaminant levels to acceptable risk-based cleanup levels. Actions must 
avoid, to the extent possible, adverse impacts to wetlands and floodplains, in accordance with Executive 
Order 11990 and 10 CFR 1022. Nonetheless, there will be some adverse effects on wetlands adjacent to 
White Oak Creek, First Creek, and Fifth Creek. Mitigation measures listed in 10 CFR 1022.12, which 
include minimum grading requirements, !'lUloff controls, and design and construction constraints, would be 
implemented. Mitigation strategies for destroyed or disturbed wetlands inclnde restoration, enhancement, 
or creation of wetlands in the Bethel Valley area at a 1: 1 replacement ratio. These strategies will be detailed 
in the Remedial Design RepOltiRemedial Action Work Plan. ARARs for protection of aquatic resources, 
including wetlands and floodplains, will be met dnring these activities and are listed in Table B.2. 

Threatened 01' Endangered Species. The federally endangered gray bat (myotis grisescens) and 
pink mucket (hampsilis abl'upta) have been seen in the vicinity of Bethel Valley; however, there are no 
designated critical habitats located in the valley. Nevertheless, precautions will be taken such that any 
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state 01' federally endangered 'species will not be adversely affected by actions included as patt· of the 
selected remedy. 

ACTION-SPECIFIC ARARslTBCs 

Action-specific ARARs include operation, performance, and design requirements or limitations based 
on the waste types, media, and remedial activities. Component actions include capping, upgradient stonnflow 
diversion, sludge removal, water treatment, groundwater extraction/treatment, contaminated surface soil 
removal actions, grouting and/or removal of inactive pipelines, decontatnination and decommissioning (D&D), 
groundwater well construction and plugging and abandonment (P&A), institutional controls, waste 
management, and transportation. ARARs for each component action are listed in Table B.3 and briefly 
discussed below. 

General Construction Activities. Requirements for the control of fugitive dust and storm water 
runoff are listed in Table B.3 and potentially provide ARARs for all construction, demolition, excavation, 
trenching and site preparation activities. Reasonable precautions will be taken and include the use of best 
management practices for erosion control to prevent runoff, and application of water on exposed soiVdebris 
surfaces to prevent particulate matter from becoming airborne. In addition, diffuse. 01' fugitive emissions 
of radionuclides to the ambient air from the remediation activities, which are only one of potentially 
many sources of radio nuclide emissions at a DOE facility, must comply with the Clean Air Act of 1970, 
as amended (CAA) requirements in 40 CFR 61.92. 

Capping. Containment is proposed for Solid Waste Storage Area (SWSA) 1, SWSA 3, the Fonner 
Waste Pile Area (FWPA), the Contractors Landfill, and the Nonradiological Wastewater Treatment Plant 
(NR WTP) Debris Pile. Historic disposal records indicate the potential for wastes containing Resource 
Conservation and Recovery Act of 1976 (RCRA) hazardous constituents at levels that would render it 
characteristic if generated as well as solid low-level (radioactive) waste (LL W) in SWSA 3; therefore, 
RCRA and TDECINRC requirements for closure with waste in place are relevant and appropriate for 
capping SWSA 3. Specifically, an impermeable cap will be designed to meet all relevant and appropriate 
RCRA perfol1nance-based criteria for final covers, thus ensuring compliance with TDECINRC closure 
requirements. SWSA 1 contains both solid and low-level radioactive wastes. The NRCffDEC requirements 
for disposal of radioactive waste are relevant and appropriate for capping SWSA 1. 

The FWP A, Contractors Landftll, and NR WTP Debris Pile at'e inactive disposal areas containing buried 
solid wastes, including construction/demolition debris. For closure with waste in place, the TDEC solid 
waste landfill closure performance standard under Rules of the TDEC Chap. 1200-1-7-.04(8)(a) is relevant 
and appropriate. Soil covers and vegetation would be applied to meet the closure standard for these units, 
as well as DOE Order 5400.5 requirements (TBC) for residual radioactivity left in place. Any surface 
debris would be removed prior to capping, characterized, and then sent to the Enviromnental Management 
Waste Management Facility (EMWMF) for disposal (see Waste Management subsection below). 

Upgradient Diversion DitcheslDowngradient Collection Ditches. Construction of an upgt'adient 
diversion ditch at SWSA 3 is proposed. Construction of an upgt'adient diversion ditch, storm water 
collection trenches, and any other methods to collect and/or redistribute smface 01' groundwater may 
trigger aquatic resource alteration requirements (see Table B.2). Additionally, runoff from a diversion 
trench, which may be considered a wet weather conveyance, must not degt'ade or adversely affect the 
quality of downstream waters. There are no other ARARs for these actions other than general 
construction requirements described above. 
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Sludge Removal. Sludge removed from the Tl, T2, S-424, and HFIR tanks will be charaCterized (. 
and then transferred to the Melton Valley Storage Tanks (MVST) if the waste meets the waste 
acceptance criteria (WAC). Temporary staging and management must meet requirements of DOE 0 
435.1 and DOE M 435.1-1 (TBC) for LLW and, depending on the type and activity of the radionuclides, 
for transuranic (TRU) waste management. TRU waste that does not meet the WAC for the MVST will be 
stored on-site for subsequent treatment and disposal and will meet DOE M 435.1-1(Chap. III) requirements as 
well as relevant EPA requirements at 40 CFR 191.03(a) for interim management of TRU waste. LLW 
sludge that does not meet the WAC for MVST will be disposed at an appropriate off-site facility (e.g., Nevada 
Test Site) or the on-site cell (i.e., EMWMF). All LLW or TRU liquids (i.e., supernatant) meeting the 
WAC will be tl'3nsferred into the liquid low-level (radioactive) waste (LLL W) system fqr treatment 
before transfer to MVST. TRU wastes at MVST will be treated and eventually transferred to the Waste 
Isolation Pilot Plant in accordance with DOE M 435.1-1(1II) requirements (TBC). 

Removal of Contaminated Media. Removal of contaminated smface and/or floodplain soil is designed 
to protect ecological and human receptors. Soils removed as part of these actions may be considered 
Toxic Substances Control Act of 1976 (TSCA) PCBs, LLW, RCRA, solid, hazardous, or mixed waste 
depending on the extent of contamination and will be disposed of either at the EMWMF or an appropriate 
off-site facility. Excavated soils/sediments contaminated with PCBs is considered Bulk PCB remediation 
waste and must be managed accordingly. 'Any RCRA hazardous soils removed from the areal extent of 
contamination for subsequent disposal in a land-based unit must meet the pertinent RCRA land disposal 
restrictions treatment standards for hazardous waste at 40 CFR 268.40 or 40 CFR 268.49. In the unlikely 
event these treatment standards cannot be met, a site-specific treatment variance under 40 CFR 268.44(h) 
may be obtained with concurrence of the Federal Facility Agreement parties. See waste generation, 
characterization, management, treatment, and disposal requirements listed in Table B.3. 

There are no action-specific ARARs for these actions other than the general requirements to control 
fugitive dust emissions and storm water runoff (discussed above). However, chemical-specific ARARs 
for these actions include radiation protection requirements for the public and for unrestricted or restricted 
use of sites with residual radioactivity (see Table B.l). Risk-based remediation levels for PCB-contaminated 
sediments remaining in situ will satisty risk-based disposal requirements of 40 CFR 761.61(c). Also, 
depending on the location of the soil removal, location-specific ARARs to protect sensitive resources, 
such as tiU'eatened and endangered plants or wildlife, wetlands, and floodplains (listed in Table B.2) may 
be triggered. All removal actions will be designed to protect the appropriate human receptor and to meet 
DOE Order 5400.5 TBC guidelines for residual radioactivity left in soil (see Table B.3). 

In Situ Grouting. Inactive pipelines that are not removed and any empty tank shells will be 
stabilized (e.g., grouted) to reduce contaminant releases and minimize impacts to groundwater. There are 
no specific ARARs for in situ grouting other than the general construction requirements for control of 
emissions and runoff. Appropriate engineering controls will be implemented if necessary to ensure 
compliance with air emission standards for fugitive and radionuclide emissions (listed in Table B.3) 
during grouting of pipelines and tank shells. 

Groundwater TreatmentfExtraction. Contaminated groundwater will be extracted and treated to 
minimize fmther impacts to groundwater and to attain A WQC for protection of aquatic organisms in surface 
water. Mercury-contaminated groundwater will be piped from sumps to a National Pollutant Discharge 
Elimination System-pennitted wastewater treatment system [i.e., the Process Waste Treatment Complex 
(PWTC)] before discharge via a pel1nitted outfall into White Oak Creek. The sump-water treatment plant 
is expected to remove mercury to below required detection levels and meet the WAC for the PWTC. 
Fmther treatment at the PWTC will ensure compliance both with effluent limits set at Outfall Xl2 and 
compliance with the A WQC for mercmy at the 7500 Bridge. Pretreatment for other identified contaminants 
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will be employed, if necessary, to ensure compliance witb the WAC. In addition, four deep extraction' 
wells would be installed at the Core Hole 8 Plume to collect groundwater in bedrock, and seven sumps 
would be installed in stonn drain junction boxes to collect shallow groundwater. These additional sumps 
would supplement two existing sumps associated with the earlier removal and maintenance actions of the 
Core Hole 8 Plume. The contaminated groundwater will be collected and transferred to the.PWTC. 

Also, in situ treatment of the East End VOC plume will be implemented to accelerate degradation of 
the organic contaminants. There are no ARARs for this activity other than the requirements associated 
with construction of the injection wells (see discussion below). 

Water Treatment. Other wastewaters collected during construction, well drilling, dewatering, or 
decontamination activities will, if necessary, be transported to the PWTC for treatment and subsequently 
discharged via a pennitted outfall. Wastewaters that are hazardous only because they exhibit a haZardous 
characteristic, and which are otherwise restricted from land disposal, are not prohibited if such wastes are 
managed in a treatment system that subsequently discharges to waters of the United States pursuant to a 
pennit issued under Section 402 of the CWA [40 CFR 268.1(c)(4)(i); Rules of the TDEC Chap. 1200-1-
11-.10(1 )(a)(30(iv)(I)]. 

Well Construction and P&A. Consltuction of groundwater extraction or monitoring wells and 
P&A of groundwater monitoring wells will meet relevant and appropriate TDEC requirements listed in 
Table B.3. Installation of new groundwater monitoring wells will meet relevant and appropriate ReRA 
well construction requirements. Well P&A will be accomplished in accordance with relevant and 
appropriate TDEC regulations in a manner to prevent contamination of groundwater. Wells used for 
injection of nutrients for bioremediation of the East Bethel Valley VOC Plume will meet applicable 
requirements for construction and operation of a Class V underground injection well. 

Building Remediation. A total of 54 facilities in the Bethel Valley area are slated for D&D. All but 
one of the above-ground structures will be demolished; the Graphite Reactor, which is a National Historic 
Landmark, will remain on the site and the reactor core stabilized. Once the above-ground structure lias 
been removed, remaining slabs or subsurface structures will be removed, decontaminated, or stabilized, 
or undergo a combination of these three actions, as appropriate. Requirements under the CAA for control 
of asbestos, Class If II refrigerant and/or radionuclide emissions included in Table B.3 will be met during 
demolition. 

Building remediation activities may result in generation of RCRA solid 01' hazardous waste 
(e.g., hazardous debris containing lead paint), LLW, mixed waste, asbestos, TSCA PCBs in fluorescent 
light ballasts or drained equipment, PCB bnlk product waste (e.g., demolition debris having surfaces coated 
with paint containing PCBs greater than 50 ppm), or lead wastes (e.g., lead shielding). Characterization, 
treatment, storage, and disposal of these wastes must meet the ARARs for waste management listed in 
Table B.3. Any scrap metal that otherwise is considered RCRA hazardous is not subject to RCRA 
Subtitle C requirements if it is intended for recycle or reuse. Materials for ul1l'estricted release must meet 
DOE Order 5400.5 TBC requirements listed in Table B.3 for residual surface radioactive contamination. 
Decommissioned sites will meet the radiation protection requirements listed in Table B.l for either 
restricted or ul1l'estricted use, as appropriate (see chemical-specific ARARs section above). 

Land Use Controls. Per Rules of the TDEC Chap. 1200-1-13-.08(10), institutional controls such as 
water use and deed restrictions/notices are required under this remedy to supplement engineering controls as 
appropriate to prevent or limit exposure to hazardous substances left in place that may pose an unreasonable 
threat to public health, safety, or the enviromnent. Such controls will apply after completion of the remedial 
actions and will be described in the Land Use Control Implementation Plan. These controls may include 
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land and groundwater use restrictions, as well as deed notices designed to warn and restrict potential users 
of the contaminated property throughout the valley. Deed restrictions will be recorded in accordance with 
state law on the original pl'Operty acquisition records of DOE (and its predecessor agencies) that will 
notifY anyone searching Oak Ridge Reservation pl'Operty records that certain areas of Bethel Valley are 
contaminated. In accordance with DOE Order 5400.5(IV)(6)(c), controls including signs to prevent access 
and appropriate radiological safety measures will be used to prevent disturbance of the residual radioactive 
material where necessary. An existing program for excavation/penetration permits will be utilized to limit 
01' prohibit such activities in all waste disposal units, remediation systems, and contamination areas. 
Information on the extent of site contamination will be available to petmit requestors. 

Waste Management. All primary wastes (soil, D&D debris, sludge) and secondary wastes (contaminated 
personal protective equipment, decontanunation wastewaters) generated during remedial activities will 
be appropriately characterized as either solid, hazardous, asbestos, PCB, radioactive waste(s), andlor 
mixed. wastes and, respectively, managed in accordance with appropriate RCRA, CAA, TSCA, or DOE 
OrderlManual requirements. Table B.3 lists the requirements associated with the characterization, 
storage, treatment, and disposal of the aforementioned waste types. 

Transportation. Any wastes that are transferred off-site or transp011ed in commerce along public 
rights-of-way must meet the U.S. Department of Transportation requirements summarized in Table B.3, 
for hazardous materials as well as the specific requirements for the type of waste (e.g., RCRA, PCB, 
TRU, LLW, or mixed). These include packaging, labeling, marking, manifesting, and placarding requirements 
for the specific waste type. In addition, CERCLA Sect. 121(d)(3) provides that the off-site transfer of any 
hazardous substance, pollutant, or contaminant generated during CERCLA response actions be sent to a 
treatment, storage, or disposal facility that is in compliance with applicable federal and state laws and has 
been approved by EPA for acceptance of CERCLA waste [see also the "Off-Site Rule" at 40 CFR 
300.440 ef seq.]. Accordingly, DOE will verifY with the appropriate EPA regional contact that any 
needed off-site facility is acceptable for receipt of CERCLA wastes prior to transfer. 

OO·026(docllJ 11601 B-8 November 16. 200J 
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Table 8.1. Chemical-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee 

Action/medium 

Restoration of surface water(s) classified 
for Fish and Aquatic Life use 

Restoration of surface water( s) classified 
for Recreation use 

Restoration of surface water(s) classified 
for lmgation andlor Livestock Watering 
and Wildlife uses 

Requirements 

Waters shall not contain toxic substances or a combination of substances including disease~ 
causing agents that. by way of either direct or indirect exposure through food chains. may 
cause death. disease. behavioral abnonnalities. cancer. genetic mutations. physiological 
malfunctions. physical defonnations. or restrict or impair growth in fish or aquatic life or their 
offspring-applicable or relevant ~nd appropriate 

May not exceed numeric A WQC in surface water(s) -applicable or relevant and 
appropriate 

Waters shall not contain other pollutants that will be detrimental to fish or aquatic life 
-applicable or relevant and appropriate 

Waters shall not contain toxic substances. whether alone or in combination with other 
substances. that will render the water Wlsafe or lDlsuitable for v.rater contact activities including 
the capture and subsequent consumption offish and shellfish. or will propose toxic conditions 
that will adversely affect man. animal. aquatic life. or wildlife-applicable or relevant and 
appropriate 

May not exceed nlDlleric AWQC in surface v.rater(s}-applicable or relevant and appropriate 

Waters shall not contain other pollutants in quantities that may have a detrimental effect on 
recreation-applicable or relevant and appropriate 

Waters shall not contain toxic substances. whether alone or in combination with other 
substances. that will produce toxic conditions that adversely affect the quality of the waters for 
irrigation and/or livestock v.raterillg and wildlife-applicable or relevant and appropriate 

WateJ:s shall not contain other pollutants in quantities that may be detrimental to the v.raters 
used for irrigation and/or for livestock v.ratering and wildlife-applicable or relevant and 
appropriate . 

Citation(s) 
Rules of the IDEC 
Chap. 1200-4-3-.03(3Xg) 

Rules of the IDEC 
Chap. 1200-4-3-.03(3)(g) 

Rules of the IDEC 
Chap. 1200-4-3-.03(3)(h) 

Rules of the IDEC 
Chap. 1200-4-3-.03(4)(h) 

Rules of the IDEC 
Chap. 1200-4-3-.03(4)(h) 

Rules of the IDEC 
Chap. 1200-4-3-.03(4Xi) 

Rules ofthe IDEC 
Chap. 1200-4-3-.03(5)(f) and 
(6)(f) 

Rules of the IDEC 
Chap. 1200-4-3-.03(5)(g) and 
(6)(g) 
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Table B.1. Chemical-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continned) 

Action/medium 

Release ofradionuc1ides into the 
environment 

Requirements 

Exposure to individual members ofthe public from radiation shall not exceed a total EDE of 
0.1 rem/year (100 mremlyear). exclusive of the dose contributions from background radiatioD. 
any medical administtation the individual has received. or voluntary participation in 
medicaVresearch programs-relevant and appropriate 

Shall use. to the eA1:ent practicable. procedures and engineering controls based on sound 
radiation protection principles to achieve doses to members of the public that are ALARA­
relevant and appropriate 

ALARA = as low as reasonably achievable 
ARAR = applicable or relevant and appropriate requirement 
A WQC = ambient water quality criteria 
CFR = Code o/Federal Regulations 
EDE = effective dose equivalent 
ORNL = Oak Ridge National Laboratory 
TEC = to be considered 
IDEC = Tennessee Department of Environment and Conservation 

Citation(s) 
10 CFR20.1301(a)(I) 

10 CFR20.1101(b) 
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Table B.2. Location-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee 

Location characteristic(s) 

Presence of wetlands as defmed in 
10 CFR 1022.4(v) 

Presence of floodplain as defmed 
in 10 CFR 1022.4(i) 

Requirement(s) 

Wetlallds 

Avoid. to the extent possible. the long- and short-term 
adverse effects associated with destruction. occupancy. and 
modification of wetlands. Measures to mitigate adverse 
effects of actions in a wetlands include. but are not Hrnited 
to. minimum grading requirements. nmoff controls. design 
and construction constraints. and protection of ecology­
sensitive areas as provided in 10 CFR 1022.12(a)(3) 

Take action. to the extent practicable. 'to minimize 
destruction. loss. or degradation of wetlands and to preseIVe 
and enhance the natural and beneficial values of wetlands 

Potential effects of any new construction in wetlands shall 
be evaluated. IdentifY. evaluate. and. as appropriate. 
implement alternative actions that may avoid or mitigate 
adverse impacts on wetlands 

Floodplaills 

Avoid. to the extent possible. the long- and short-tenn 
adverse effects associated with occupancy and modification 
of floodplains. Measures to mitigate adverse effects of 
actions in a floodplain include. but are not limited to. 
minimum grading requirements. runoff controls. design and 
construction constraints. and protection of ecology-sensitive 
areas as provided in 10 CFR 1022.12(a)(3) 

Potential effects of any action taken in a floodplain shall be 
evaluated. Identify, evaluate. and implement alternative 
actions that may avoid or mitigate adverse impacts on 
floodplains 

Design or modify selected alternatives to minimize hann to 
or within floodplains and restore and preserve floodplain 
values 

Prerequisite 

Federal actions that involve potential 
impacts to. or take place \\Iithin. 
wetlands-applicable 

Federal actions that involve potential 
impacts to. or take place within. 
floodplains-applicable 

Citation(s) 

10 CFR 1022.3(a) 

10 CFR I022.3(b)(5) and (6) 

10 CFR 1022.3(c) and (d) 

10 CFR 1022.3(a) 

10 CFR 1022.3(c) and (d) 

10 CFR 1022.5(b) 
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Table B.2. Location-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Location cbaracteristic(s) 

Within an area potentially 
impacting waters of the state as 
defined in TCA 69-3-103(33) 

Location encompassing aquatic 
ecosystem as defIned in 40 C FR 
230.3(c) 

Requirement(s) 

Aqllatic resources 

Must comply with the substantive requirements of the 
AMP for erosion and sediment control to prevent pollution 

Erosion and sediment control requirements include. but are 
not limited to 

Limit clearing. grubbing. and other disturbances in 
areas in or immediately adjacent to waters of the state to 
the minimum necessary to accomplish the proposed 
activity: 

• Unnecessary vegetation removal is prolribited, and all 
disturbed areas mnst be properly stabilized and 
revegetated as soon as practicable: 

• Limit excavation. dredging.. bank reshaping. or grading 
to the minimum necessary to install authorized 
structures. acconnnodate stabilization. or prepare banks 
for revegetation~ 

• Maintain the erosion and sedimentation control 
measures throughout construction period~ and 

• Upon achievement of a fmal grade. stabilize and 
revegetate. within 30 days. all disturbed areas by 
sodding. seeding. or mulching, or using appropriate 
native riparian species 

No discharge of dredged or fill material into an aquatic 
ecosystem is pennitted if there is a practicable alternative 
that would have less adverse impact 

No discharge of dredged or fill material shall be pennitted 
tmless appropriate and practicable steps in accordance with 
40 CFR 230.70 ef seq. have been taken that will minimize 
potential adverse impacts of the discharge on the aquatic 
ecosystem 

~. 

Prerequisite 

Action potentially altering the 
properties of any waters of the state 
- applicable 

Action potentially altering the 
properties of any waters of the state 
-TBC 

Action that involves the discharge of 
dredged or fill material into waters of 
the United States. including 
jurisdictional wetlands-applicable 

Citation(s) 

TCA 69-3-108(b)(I)G) 

IDEe ARAP Program 
General Requirements 

40 CFR 230.IO(a) 

40 CFR230.IO(d) 

~ 
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Table B.2. Location-specific ARARs and TBe guidance for the selected remedy, Betbel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Location characteristic(s) 

Presence of federally endangered 
or threatened species, as 
desigoated in 50 CFR 17.11 and 
17.12. or critical habitat of such 
species 

Presence of Tennessee non-game 
species as defined in TC A 70-8-
103 

Requirement(s) Prerequisite 

Endangered, threatened, or rare species 

Actions that jeopardize the existence of a listed species or Action that is likely to jeopardize 
results in the destnlction or adverse modification of critical fish. wildlife. or plant species or 
habitat must be avoided or reasonable and prudent mitigation destroy or adversely modify critical 
measures taken habitat-applicable 

May not take (e.g .•. harass. hunt. capture. kill or attempt to 
kin). possess. transport. export. or process such wildlife 
species 

Action impacting Tennessee non~game 
species. including wildlife species that 
are threatened and endangered or .... in 
need of managemenC (as listed in 
TWRCP 94-16 and 94-17)­
applicable 

Citation(s) 

16 USC 1531 et. seq .. 
Sect.7(aX2) 

1"(:A 70-8-104(c) 

~ 

May not knowing1y destroy the habitat of such wildlife species TWRCP 94-16(II)(IXa) and 
TWRCP 94-17(II) 

Presence ofTennessee--listed 
endangered or rare plant species 
as listed in Rules ofthe TDEC 
Chap. 0400-6-2.04 

Presence of historic properties 
(including artifacts. records. or 
remains located within such 
properties) 

Upon good cause shovvn and where necessary to protect 
human health or safety. endangered or threatened species 
may be removed. captured. or destroyed 

May not knowingly uproot. dig. take. remove. damage or 
destroy. possess. or otherwise disturb for any purpose any 
endangered species 

ClIltllral resources 

Must take into accowlt the adverse effects on historic 
properties per Sect. 106 of the NHPA 

Determine adverse effects per 36 CFR 800.5(a)(I) and. if 
found. evaluate alternatives or modifications to the 
undertaking to avoid. minimize. or mitigate the adverse 
effects on the property 

ARAP 
ARAR 
C'FR 
NHPA 
ORNL 

Aquatic Resource PJteration Pennit TBC 
TC'A 
IDEC 
TWRCP 
USC' 

applicable or relevant and appropriate requirement 
Code qf Federal ReS!lflalions 
National Historic Preservatj('>n Act 
Oak Ridge National Laboratory 

T(:A 70-8-106(e) 
TWRCP 94-16(1I)( 1)( c) 

Action impacting rare plant species TCA 70-8-309 
including but not limited to federally 
listed endangered species-applicable 

Undertaking [as defllled in 36 CFR 
800.16(y)] that has the potential to 
cause effects on historic property on or 
eligible for inclusion on the National 
Register of Historic Places-applicable 

to be considered 
Tennessee Code Annolaled 

36 CFR 800.I(a) 
36 (:FR 800.3 

36 CFR 800.5(a) and (d) 
36 CFR800.6 

Tennessee Department of Environment and Conservation 
Tennessee Wildlife Resources Commission PrOClamation 
United Stales Code 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee 

Action 

Activities causing fugitive 
dust emissions 

Activities causing 
radionuclide emissions 

Activities causing stonn 
water nllloff (e.g .. clearing, 
grading, excavation) 

Requirements Prerequisite Citation(s) 

Gelleral COllstrllctiOIl stOlldards-site preparation, excavation, drilling, trenching, etc., activities 

Shall take reasonable precautions to prevent Fugitive emissions from demolition of existing Rules of the IDEe 
particulate matter from becoming airborne: buildings or structures. construction operations. Chap. 1200-3-8-.01(1) 
reasonable precautions shall include. but are grading of roads. or the clearing of land-applicable 
not limited to. the following: 

• use, where possible. of water or chemicals 
for control of dust. 'and 

• application of asphalt. oil. water. or 
suitable chemicals on dirt roads. materials 
stock piles. and other surfaces which can 
create airborne dusts: 

Shall not cause or al10w fugitive dust to be 
emitted in such? manner as to exceed 5 minIh 
or 20 minld beyond property boundary lines 
on which eniission originates . 

Shall not exceed those amounts that would 
cause any member of the public to receive an 
EDE of 10 mrem per year 

Radionuclide emissions from point sources. as well as 
diffuse or fugitive emissions. at a DOE facility­
applicable 

Rules of the IDEC 
Chap. 1200-3-8-.01(1)(a) 

Rules of the IDEC 
Chap. 1200-3-8-.01(1)(b) 

Rules of the IDEC 
Chap. 1200-3-8-.01(2) 

40 CFR61.92 
Rules of the TDEC 
Chap. 1200-3-11-.08(6) 

TCA 69-3-1080) Implement good construction management 
techniques (including sediment and erosion 
controls. vegetative controls. and structural 
controls) in accordance with the substantive 
requirements of General Permit No. TNR10-
0000 Appendix F. to ensure that stonn water 
discharge 

Dewatering or ·stonn water runoff discharges from 
land disturbed by construction activity- disturbance 
of ';2:5 acres total--applicable: < 5 acres--relevant 
and appropriate 

Rules of the IDEC Chap. 1200-4·10-
.03(2) 

• does not violate water quality criteria as 
stated in IDEC 1200-4-3-.03 including 
but not limited to prevention of discharges 
that cause a condition in which visible 
solids. bottom deposits. or turbidity 
impair the usefulness of waters of the state 
for any of the designated uses for that 
water body by IDEC 1200-4-4 

Stonn water discharges from construction activities­
TBC 

General Permit No. TNRIO·OOOO 
Part III D.2.a 

~ 
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Table 8.3. Action-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Closure of SWSA 3 

Capping ofSWSA 3 

• 

• 

• 

Requirements 

does not contain distinctly visible floating 
scum. oil. or other matter: 
does not cause an objectionable color 
contrast in the receiving strearn~ and 
results in no materials in concentrations 
sufficient to be hazardous or otherwise 
detrimental to humans. livestock. wildlife. 
plant life. or fish and aquatic life in the 
receiving: stream 

Prerequisite 

Capping-SWSA 1, SWSA 3, FWPA, NRWTP Pile, and Contractors Landfill 

Must close the unit in a manner that: 

• minirrrizes the need for further 
maintenance: 

• controls. minimizes. or eliminates to the 
extent necessary to protect human health 
and the environment. postclosure escape 
of hazardous waste. hazardous 
constituents. leachate. contaminated 
runoff. or hazardous waste decomposition 
products to ground or surface waters or to 
the atmosphere; and 
complies with the relevant closure 
requirements of 40 CFR 265.310 

Must cover the landfill or cell with a fmal 
cover designed and constructed to 

• provide long-tenn minimization of 
migration of liquids through the closed 
landfill; 

• function with minimum maintenance~ 

• promote drainage and minimize erosion or 
abrasion of the cover~ 

• acconunodate settling and subsidence so 
that the cover" s integrity is maintained~ and 

Closure of a RCRA hazardous waste management 
facility-relevant and appropriate 

Closure of a ReRA hazardous waste management 
facility-relevant and appropriate 

Citalion(s) 

General Permit No. INRIO·OOOO 
Part III D.2.b 

Genera! Permit No. INRIO·OOOO 
Part III D.2.c 

General Permit No. INRI 0-0000 
Part III D.2.d 

40 CFR 265.III(a) 
Rules of the IDEC 
Chap.1200·1-1I-.05(7)(b)(I) 

40 CFR 265.1II(b) 
Rules of the TDEC 
Chap.1200·1·11-.05(7)(b)(2) 

40 CFR 265.III(c) 
Rules of the IDEC 
Chap.1200-1·11-.05(7)(b)(3) 

40 CFR 265.3IO(a) 
Rules of the IDEC 
Chap. 1200·1·11-.05(14)(k)(1) 

40 CFR265.310(a)(I) 
Rules of the IDEC 
Chap.1200.1-11-.05(14)(k)(I)(i) 
40 CFR 265.310(a)(2) 
Rules of the IDEC 
Chap.1200-1-1I-.05(14)(k)(I)(ii) 
40 CFR265.310(a)(3) 
Rules of the IDEC 
Chap.1200-1-1I-.05(14)(kXI)(iii) 
40 CFR 265.310(a)(4) 
Rules of the IDEC 
Chap.1200-1-1I-.05(14)(k)(I)(iv) 

-, 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action Requirements 

• have a penneahility less than or equal to 
the permeability of any bottom liner 
system or natural sub~ils preserit 

Prerequisite 

Protection of capped SWSA 3 Postclosure use of property must never be Closure of a ReRA landfill-relevant and 

General postcIosure care of 
capped SWSA 3 

Closure ofLL W burial 
grOtmds"(SWSA 1 and 
SWSA3) 

allowed to disturb the integrity of the final appropriate 
cover~ liners. or any other components of the 
containment system or the facility's 
monitoring system unless necessary to reduce 
a threat to human health or the environment. 

Owner or operator must Closure of a RCRA landfill-relevant and 
appropriate 

• maintain the effectiveness and integrity of 
the fmal cover. including making repairs 
to the cap as necessary to correct effects 
of settling. subsidence. erosion. and other 
events: and 
prevent run·on and runoff from eroding or 
otherwise damaging ftnal cover 

Covers must be designed to minimize. to the Land disposal ofLLW-relevant and appropriate 
extent practicable. water infiltration. to direct 
percolating or surface water away from the 
disposed waste. and to resist degradation by 
surface geologic processes and biotic activity 

Concentrations of radioactive material which 
may be released to the general envirolUnent in 
ground\V3ter. surface water. air. soil. plants. or 
animals must not result in an annual dose 
exceeding an equivalent of25 mrem to the m.lole 
body. 75 mrem to the th}Toid. and 25 mrem to 
any oth~r organ: a reasonable effort shall be 
made to maintain releases of radioactivity in 
effluents to the general environment to ALARA 

-~ 

Citation(s) 
40 CFR 265.3IO(a)(5) 
Rules of the IDEC 
Chap. 1200-1-11-.05(k)(1)(v) 

40 CFR265.117(c) 
Rules of the IDEC 
Chap. 1200-1-11-.05(7)(h)(3) 

40 CFR 265.310(b) 
40 CFR265.310(b)(1) 
Rules of the IDEC 
Chap. 1200·1·11-.06(14)(k)(2) 
Rules of the IDEC 
Chap. 1200·1·11-.06(14)(k)(2)(i) 

40 CFR 265.31O(bX4) 
Rules of the IDEC 
Chap. 1200-1-11-.05(14)(k)(2) (iv) 

Rules of the IDEC 
Chap. 1200·2-11-.17(2)(d) 

Rules of the IDEC 
Chap. 1200·2·11-.16(2) 

~ 
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Table B.3. Action-specific ARARs and TBe guidance for tbe selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Corrective Measures for 
SWSA I and SWSA 3 

Closure of solid waste 
disposal units (FWPA. 
NRWTP Pile. Contractors 
Landfill) 

Characterization ofTRU 
waste 

Requirements 

Must have plans for taking corrective 
measures if migration of radio nuclides would 
indicate that the perfonnance objectives of 
Rules oftlle IDEC Chap. 1200-2-11-.16 may 
not be met 

Prerequisite 

Closure of a LL W disposal facility-relevant and 
appropriate ' 

Citation(s) 

Rules of the IDEC 
Chap.1200-2-11-.17(4)(b) 

Must be closed in a manner that minimizes the Closure of a Class I-IV solid waste landfill-relevant Rules of the IDEe 
need for further maintenance and controls. and appropriate Chap. 1200-1-7-.04(8)(a) 
and minimizes. or eliminates. to the extent 
necessary to protect human health and the 
environment. postclosure escape of solid 
waste. solid waste constituents. leachate. 
contaminated rainfall. or waste decomposition 
products to the ground or surface waters or to 
the atmosphere 

Sludge removal-TRU wastefrom tanks (S-424, TI. T2, and HFIR) 

Shall be characterized using direct or indirect 
methods and the characterization documented 
in sufficient detail to ensure safe management 
and compliance \\lith the WAC of the 
receiving facility 

Characterization "data shalL at a minimum. 
include the following information relevant to 
the management of the waste: 
• physical and chemical; 

volume. including the waste and any 
stabilization or absorbent media: 

• weight of the container and contents: 
• identities. activities. and concentrations of 

major radionuclides: 
• characterization date; 
• generating source: 
• packaging date; and 
• any other infomlatioh that may be needed 

to prepare and maintain the disposal 
facility perfornlance assessment or 
demonstrate compliance with the 
applicable performance objectives 

Generation TRU waste for management and storage 
at a DOE facility-TBC 

DOE M 435.1-I(IIIXI) 

DOE M 435.1-I(III)(l)(2) 

DOEM435.1-1 (III)(I)(2)(a) 
DOE M 435.1-I(III)(l)(2)(b) 

DOE M 435.1- I(III)(I)(2)( c) 
DOE M 435.1- I(III)(lX2)(d) 

DOE M 435.1-I (III)(I)(2)( e) 
DOE M 435.1-I(III)(I)(2)(f) 
DOE M 435.1-I(III)(I)(2)(g) 
DOE M 435.1-I(III)(1)(2)(h) 

~ 
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Table B.3. Action-specific ARARs and TBe guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Packaging ofTRU waste 

Temporary storage ofTRU 
waste 

Treatment ofTRU waste 

Requirements 

Shan be packaged in a manner that provides 
containment and protection for the duration of 
the anticipated storage period and until 
disposal is achieved or until the waste is 
removed from the container 

Vents or other mechanisms to prevent 
pressurization of containers or generation of 
fIannnable or explosive concentration of gases 
shall be installed on containers of newly 
generated waste at the time the waste is packaged 

Containers ofTRU waste shall be marked 
such that their contents can be identified 

Shall be conducted in a manner as to provide 
reasonable assurance that the combined annual 
dose equivalent to any member of the general 
public in the general environment resulting 
from discharges of radioactive material and 
direct radiation sha!l not exceed 25 mrem to 
the whole body. 75 mrem to tlle tllyroid. and 
25 mrem to any other critical organ 

Shall not be readily capable of detonation. 
explosive decomposition. reaction at 
anticipated pressures and temperatures. or 
explosive reaction with water 

Shall be stored in a location and manner that 
protects the integrity of waste for the expected 
time of storage and minimizes worker 
exposure 

Shall be monitored. as prescribed by the 
appropriate facility safety analysis. to ensure 
the wastes are maintained in a safe condition 

Shall be treated as necessary to meet tl,e WAC 
of the facility receiving the waste for storage 
or disposal 

Prerequisite 

Generation ofTRU waste for management and 
storage at a DOE facility-TBC 

Management and storage ofTRU waste at a DOE 
facility-relevant and appropriate 

Management and storage ofTRU waste at a DOE 
facility-TBC 

Generation ofTRU waste for storage at a DOE 
facility and disposal at WIPP-TBC 

Citation(s) 

DOE M 435.1-1(IlI)(L)(1)(a) 

DOE M 435.1-1(1II)(L)(1)(b) 

DOE M 435.1-1(1II)(L)(1)(d) 

40 CFR 191.03(a) 

DOE M435.I-l(III)(N)(1) 

DOE M 435.1-1(1II)(N)(2) 

DOE M 435.1-1(1II)(Q)(2) 

DOE M 435.1-1(111)(0) 

-, 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Disposal ofTRU waste at 
WIPP 

Requirements 

Shall be treated. prepared and packaged to be 
nonflammable 

Prerequisite 

Generation ofpyrophoric TRU waste at a DOE 
facility-TBC 

Shan be disposed in accordance with the Generation ofTRU waste at a DOE facility for 
requirementsof40 CFR Part 191 disposal at WIPP-TBC 

Citation(s) 

DOE M435.1-I(III)(N)(I) 

DOE M 435.1-I(III)(P) 

Rel1lOl'al of cOlltamillated media-White Oak Creek ond tributary sedimellt olldjloodplaill soils; contaminated soil hotspots 

Risk-based disposal ofpeB May be disposed ofio a manner otiler than Disposal ofPeB remediation waste- applicable 40 CFR 761.61(c) 
remediation waste prescribed io 40 CFR 761.61(a) or (b) if 

approved io writiog by EPA and method will 
not pose an unreasonable risk of injury to 
human health or the environment 

Remediation ofradiolluclide- Guidelines for residual concentrations of Residual radioactive material in soil-TBe 
contaminated soil radionuclides in soil shall be derived from the 

basic dose limit using an environmental 
pathway analysis 

D&D activities-inactivefacilities in the main plant area 

Decontamination of 
radioactively contaminated 
equipment and building 
structure 

Removal of refrigeration 
equipment 

Removal ofRACM from a 
facility 

Must meet surface contamination guidelines Residual radioactive material on equipment and 
for residual activity provided io Fig. IV-I of buildiog structures for unrestricted use-TBC 
the Order for specified radionuclides 

DisposaJ of any such appliances. \Vhich may 
vent or otherwise release to the environment 
any Class I or II substances as a refrigerant is 
prohibited 

No person may dispose of such appliances. 
with certain exceptions. without 

observing the required practices set forth 
in 40 CFR 82.156. and 

• using equipment that is certified for that type 
of appliance pursuant to 40 CFR 82.158 

Procedures for asbestos emission control per 
40 CFR 61.I45(c)(I-IO) shall be followed. as 
appropriate 

Appliances that contain Class I or 11 substances used 
as a refrigerant-applicable 

Demolition ofa facility containing RACM exceeding 
the volume requiremeots of 40 CFR 6I.I45(a)(I)­
applicable 

DOE Order 5400.5(IV)(4)(a) 

DOE Order 5400.5(IV)(4)( d) and 
Fig. IV-I 

40 CFR 82. I 54(a) 

40 CFR 82.1 54(b) 

40 CFR 6I.I45(c) 

Rules of the IDEe 
Chap. 1200-3-11-.02(2)(d)(3) 

-~ 
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Table B.3. Action-specific ARARs and TBC gnidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge., Tennessee (continned) 

Action Requirements Prerequisite Citation(s) 

Water treatment-on~ite treatment and discharge of groUiulwater, Irmls/er of collected dewatering, decontamination, etc. water 

Transport to ORNL NPDES All tank systems. conveyance systems. and On-site wastewater treatment units that are subject to 40 CFR 270.1 (c)(2)(v) 
wastewater treatment facility ancillary equipment used to store or transport regulation under Sect. 402 or Sect. 307(b) of CWA 

Discharge of treated 
growldwater 

waste to an on-site NPDES-permitted (NPDES perrnittedj--applicable 
wastewater treatment facility are exempt from 
the requirements of RCRA Subtitle C standarda 

Shall receive the degree of treatment Of 

effluent reduction necessary to comply with 
water quality standards· and. where 
appropriate. will comply with the standard of 
perfonnance as required by the Tennessee 
Water Quality Control Act of 1977 at TCA 69-
3-103(30) 

Are not prohibited from land disposal if such 
\Vastes are managed in a treatment system that 
subsequently discharges to waters of the 
United States pursuant to a pennit issued 
lUlder Sect. 402 of the CWA. unless the 
\Vastes are subject to a specified method of 
treatment other than DEACT in 40 CFR 
268.40 or are D003 reactive cyanide 

Point source discharge(s) of pollutants into surface 
water-applicable 

Restricted RCRA characteristically hazardous V«!ste 
intended for disposal-applicable 

Rules of the IDEC Chap. 1200-1-11-
.07(1)(bX4)(iv) 

Rules of the IDEC 
Chap. 1200-4-3-.05(6) 

40 CFR 268.1(c)(4)(i) 

Rules of the IDEC 
Chap.1200-1-11-.IO(IXa)(3)(iv)(I) 

Absorbed dose to native animal aquatic Discharge of radioactive materials in liquid waste to DOE Order 5400.5(ll)(3)(a)(5) 

Etnissions from air filter 
system 

organisms must not exceed 1 rad/day surface \Vater at a POE facility-TBC 
III sitll groutillg-empty tank shells alld inactive pipelines 

Discharge of air contaminants must be in Emissions of air pollutants from new air contaminant 
accordance with the appropriate provisions of sources-applicable 
Rules of the IDEC 1200-3 et seq .• any 
applicable measures of control strategy. and 
all provisions of the Tennessee Pollution 
Control Act 

.~ 

Rules of the IDEC 
Chap.1200-3-9-.01(1)(d) 

-, 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Closure of grolUldwater 
monitoring well(s) 

Construction of extraction 
wens for grotmdwater 
treatment 

Requirements 

Emission measurements in confonnance with 
40 CFR 61.93(b) shall be made 

Shall measure all radionuclides that could 
contribute greater than 10% of the potential 
EDE for a release point 

Periodic confimlatory measurements shall be 
made to verify low emissions 

Prerequisite 

Release points that have the potential to discharge 
radionuclides into the air in quantities that could 
cause an EDE in excess of 1 % of 

10 mrem/year to any member of the public 
-applicable 

Other release points that have the potential to release 
radionuclides into the air-applicable 

Well P&A-all ilJactive monitorillg wells 
Well shall be completely filled and sealed in Pennanent plugging and abandomnent of a well-
such a maImer that vertical movement of fluid relevant and appropriate 
either into or between formation(s) containing 
groundwater classified pursuant to Rules of 
the TDEC Chap. 1200-4-6-.05(1) through the 
borehole is not allowed. 

Shall be perfonned in accordance with the 
provisions for Seals at Ru1es of the IDEe 
1200-4-6-.09(6)( e). (t). and (g): for Fill 
Materials at Rules of the TDEC 1200-4-6-
.09(6)(h) and (i): for Temporary Bridges at 
Rules of the IDEC 1200-4-6-.09(6)U): for 
Placement of Sealing Materials at Rules of the 
TDEC 1200-4-6-.09(7)(a) and (b): and for 
Special Conditions at Rules of the TDEC 
1200-4-6-.09(8)(a) and (b). as appropriate 

Well construcfioll-aLlne'W groundwater mOllitoring wells QJld extraction wells 
Shall construct. reconstruct. or repair wells in Construction, reconstruction. or repair of any water 
accordance with provisions at Ru1es of the well constructed for the production of water from 
TDEC Chap. 1200-4-9-.10(4) through (11). as underground sources-relevant and appropriate 
appropriate 

When strict compliance with these standards 
is impractical. may obtain IDEC approval of 
equivalent standards (a variance) prior to 
work being perfonned 

Citation(s) 

40 CFR 61.93(b)(4)(i) 

Rules of the IDEC 
Chap. 1200·3-11-.08(6) 

Rules of the IDEC 
Chap. 1200-4-6-.09(6)(d) 

Rules of the IDEC 
Chap. 1200-4·9-.10(1)(a) 

Rule. of the IDEC 
Chap. 1200-4-9-.10(1)(d) 

.~ 
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Table 8.3. Action-specific ARARs and TBe guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Construction of groundwater 
monitoring wel1( s) 

Injection of nutrients (or 
other treatments) into 
groundwater 

Waste left in place 

Radioactive matcrialleft in 
place 

Requirements 

Shall install any pump, filter. and water 
treatment units in accordance with provisions 
at Rules of the TDEC Chap. 1200-4-9-.11 

All monitoring wells must be cased in a maIUler 
that maintains the integrity of the monitoring 
well bore hole~ this casing must be screened 
or perforated and packed with gravel or sand. 
where necessary. to enable collection of 
grolmdwater samples: the annular space above 
the sampling depth must be sealed to prevent 
contamination of groundwater and samples 

Prerequisite 

Construction ofRCRA groundwater monitoring 
well-relevant and appropriate 

Ulldergound Injection Well Construction alld Operation 
Wells shall be designed. constructed. and Class V injection well for innovative or experimental 

Citation(s) 

Rules of the IDEC 
Chap.1200-4-9-.IO(I)(a) 

40 CFR 264.97(c) 

Rules of the IDEC 
Chap.1200-I-Il-.06(6)(h)(3) 

IDEC 1200-4-6-.14(I)(b) 
operated in such a manner that does not present tec1mologies-relevant and appropriate IDEC 1200-4-6-.14(7)(b) and (8)(a) 
a hazard to existing or future use of 
grotmdwater and may not cause a violation of 
water quality standards 

Institutiollal control-all waste left ill place (SWSAs), pipelilles, D&D facilities, cOlltaminated soil or sediment 

Institutional controls are required and shall Hazardous substances left in place that may pose an Rules of the IDEC 
include. at a minimum. deed restrictions for unreasonabl~ threat to public health. safety. or the Chap. 1200-1-13-.08(10) 
sale and use of property and securing area to environment-relevant and appropriate 
prevent human contact with hazardous 
substances 

A property may be maintained Wlder interim 
management provided administrative controls 
are established to protect members of tile public 

Controls include. ~ut are not limited to. 
periodic monitoring as appropriate. appropriate 
shielding. physical barriers (i.e .• fences. 
warning signs) to prevent access. appropriate 
radiological safety measures during 
maintenance. renovation. denlolition. or other 
activities that might disturb the residual 
radioactive material or cause it to migrate 

Residual radioactive material above guidelines in 
. inaccessible locations that would be unreasonably 

costly to remove-TBe 

-, 

DOE Order 5400.5(IV)(6)(c)(I) 

DOE Order 5400.5(IV)(6)(c)(2) 

~, 
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Table B.3. Action-specific ARARs and TBe guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action Requirements Prerequisite Citation(s) 

Waste generatioll. characterization. segregation. and storage-e..;'(cavated soils, sludge. sediments, buiidilJg debris. secondary wastes 

Characterization of solid Must detennine if solid waste is hazardous Generation of solid waste as defined in 40 CFR 261.2 40 CFR 262.11(a) 
waste (01/ primary and waste or if waste is excluded under 40 CFR and that is not excluded under 40 CFR 261.4(3)- Rules of the IDEe 
secOIldary wastes) 261.4(b): and applicable Chap. 1200-1-11-.03(1 )(b)(I) 

Characterization of hazardous 
waste (all primary and 
secondary wastes) 

Must detenlllne if waste is listed under 
40 CFR Part 261: or 

Must characterize waste by using prescribed 
testing methods or applying generator 
knowledge based on infonnation regarding 
material or processes used 

Must refer to Parts 261. 262. 264. 265. 266. 
268. and 273 of Chap. 40 for possible 
exclusions or restrictions pertaining to 
management of the specific waste 

Must obtain a detailed chemical and physical 
analysis on a representative sample of the 
waste(s). which <;It a minimum contains all the 
infonllation that must be known to treat. store. 
or dispose of the waste in accordance with 
pertinent sections of 40 CFR 264 and 268 

Must determine the underlying hazardous 
constituents [as defmed in 40 CFR 268.2(i)] 
in the waste 

Must detennine if the waste is restricted ITom 
land disposal under 40 CFR 268 el seq. by 
testing in accordance with prescribed methods 
or use of generator knowledge of waste 

Generation of solid waste that is determined to be 
hazardous - applicable 

Generation of RCRAwhazardous waste for storage. 
treatment. or disposal-applicable 

Generation ofRCRA characteristic hazardous waste 
(and is not DOO 1 l10nw wastewaters treated by 
CMBST. RORGS. or POL YM of Sect. 268.42 
Table I) for storage. treatment or disposal­
applicable 

40 CFR 262. II (b) 
Rules of the TDEC 
Chap.1200-1-1I-.03(1)(b)(2) 

40 CFR262.II(c) 
Rules of the IDEC 
Chap.1200-1-11-.03(1)(b)(3) 

40 CFR 262.1 1 (d): 
Rules of the IDEC 
Chap.1200-1-11-.03(1)(b)(4) 

40 CFR264.I3(a)(I) 
Rules of the TDEC 
Chap.1200-1-1I-.06(2)(d)(I) 

40 CFR 268.9(a) 

Rules of the IDEC 
Chap.1200-1-11-.IO(I)(i)(I) 

40 CFR268.7 
Rules of the TDEC 
Chap.1200-1-1I-.10(1)(g)(I)(i) 

~ 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy, Betbel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Temporary storage of 
hazardous waste in containers 
(e.g .. PPE. D&D demolition 
debris) 

Use and management of 
hazardous waste in containers 

Requirements 

Must detennine each EPA Hazardous Waste 
Number (Waste Code) to determine tl,e 
applicable treatment standarda under 40 CFR 
268.40 et. seq. 

A generator may accumulate hazardous waste 
at the facility provided tl,at: 

waste is placed in containers that comply 
with 40 CFR 265.171-173: and 

• the date upon which accumulation begins 
is clearly marked and visible for 
inspection on each container. 

• container is marked with the words 
"'hazardous waste .... or 

container may be marked with other 
worda that identi:t'y the contents 

If container is not in good condition (e.g .. 
severe rusting. structural defects). or ifit 
begins to leak. must transfer waste into 
container in good condition 

Use container made or lined with materials 
compatible with waste to be stored so that the 
ability of the container is not impaired 

Keep containers closed during storage. except 
to add/remove waste 

Open. handle. and store containers in a 
manner that will not cause containers to 
rupture or leak 

Prerequisite 

Accumulation ofRCRA hazardous waste on site as 
defined in 40 CFR 260.1O-applicable 

Accumulation of208 L (55 gal) or less ofRCRA 
hazardous waste at or near any point of generation­
applicable 

Storage ofRCRA hazardous waste in containers­
applicable 

~ 

Citation(s) 
40 CFR 268.9(a) 

Rules of the IDEC 
Chap.1200-I-II·.IO(iXi)(I) 

40 CFR 262.34(a) 
IDEC 1200-I-II-.03(4)(e) 

40 CFR 262.34(a)(I)(i) 
Rules of the IDEC 
Chap. 1200-I-II-.03(4)(e)(2)(i)(I) 
40 CFR 262.34(a)(2) 
Rules of the IDEC 
Chap.1200-I-II-.03(4Xe)(2)(ii) 

40 CFR 262.34(a)(3) 
Rules oftlle TDEC 
Chap.1200-I-II-.03(4Xe)(2)(iv) 
40 CFR 262.34(c)(I) 
Rules of the IDEC 
Chap.1200-1-11·.03(4Xe)(5)(i)(IJ) 

40 CFR 265.171 
Rules of the IDEC 
Chap.1200-I-II-.05(9)(b) 

40 CFR265.172 
Rules of the IDEC 
Chap. 1200-1-11-.05(9)(c) 

40 CFR 265.173(a) 
Rules of the IDEC 
Chap. 1200-1-11-.05(9Xd)(1) 

40 CFR265.173(b) 
Rules of the IDEC 
Chap. 1200-1-11-.05(9)( d)(2) 

.~ 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Storage of hazar dOllS waste in 
container area 

Characterization of LL W 
(e.g .. contaminated PPE, 
equipment, D&D demolition 
debris) 

Temporary storage ofLLW 
(e.g .• cQ11fGminoled PPE. 

D&D demolition debris) 

Requirements 

Area must have a containment system 
designed and operated in accordance with 40 
CFR 264. 175(b) 

Area must be sloped or otherwise designed 
and operated to drain liquid from 
precipitation. or 

Containers must be elevated or otherwise 
protected from contact vvith accumulated liquid 

Shall be characterized using direct or indirect 
methods and the characterization dOClmlented 
in sufficient detail to ensure safe management 
and compliance with the WAC of the 
receiving facility 

Characterization data shall. at a minimum. 
include the following information relevant to 
the management of the waste: 

physical and chemical characteristics: 
• volume. including the waste and any 

stabilization or absorbent media: 
• weight of the container and contents~ 
• identities. activities. and concentration of 

major radionuclides: 

characterization date: 
• generating source; and 
• any other infonnation that may be needed 

to prepare and maintain the disposal facility 
perfom13I1ce assessment. or demonstrate 
compliance \>\lith performance objectives 

Shal1 not be readily capable of detonation. 
explosive decomposition. reaction at 
anticipated pressures and temperatures. or 
explosive reaction "'lith water 

Prerequisite 

Storage ofRCRA~hazardous waste in containers with 
free liquids--applicable 

Storage ofRCRA-hazardous waste in containers that 
do not contain free liquids -applicable 

Generation of LL W for storage or disposal at a DOE 
facility-TBC 

Management of LL W at a DOE facility-TBC 

Citation(s) 

40 CFR264.175(a) 
Rules of the IDEC 
Chap. 1200-1-11-.06(9)(£)(1) 

40 CFR264.175(c) 
Rules of the IDEe 
Chap. 1200·1-11-.06(9)(£)(3) 

DOE M 435.1·I(NXI) 

DOE M 435.1-I(N)(I)(2)(a) 

DOE M 435.I-l(IV)(I)(2)(a) 
DOE M 435.I-l(N)(l)(2)(b) 

DOE M 435.1-I(N)(l)(2)(c) 
DOE M 435.1-I(N)(I)(2)(d) 

DOE M 435.1-1(IV)(l)(2)(e) 
DOE M 435.1-I(N)(I)(2)(£) 
DOE M 435.1-1(N)(l)(2)(g) 

DOE M 435.1-1 (N)(N)(I) 

~ 
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Table B.3. Action-specific ARARs and TBe gUidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Packaging of solid LL W 
(e.g .. contaminated PPE. 
equipment, D&D demolition 
debris) 

Segregation of scrap metal for 
recycle 

Release of scrap metal (lead 
bricks, lead shielding, etc.) 

Management of asbestos­
containing waste prior to 
disposal (e.g .. D&D 
demolition debris) 

Requirements 

8hall be stored in a location and manner that 
protects the integrity of waste for the expected 
time of storage 

Shall be managed to identifY and segregate 
LL W from mixed \';'3ste 

Shall be packaged in a manner that provides 
contaimnent and protection for the duration of 
the anticipated storage period and tultil 
disposal is achieved or lU1til the waste has 
been removed from the container 

Vents or other measures shall be provided if the 
potential exists for pressurizing or generating 
flanuuable or explosive concentrations of 
gases withln the waste container 

Containers shall be marked such that their 
contents can be identified 

Material is not sul:!ject to RCM requirements 
for generators. transporters. and storage 
facilities under 40 CFR Parts 262 through 
266. 268. 270. or 124 

Before being released. items shall be surveyed 
to detennine MIetber botb removable and total 
sutface contamination (including contamination 
present Oll or under any coating) is greater 
than the levels given in Fig. IV·I of the Order 
and tllat the contamination has been subjected 
to the ALARA process 

Discharge no visible emissions to the outside 
air. or use one of the emission control and 
waste treatment methods specified in paragraphs 
(a)(I) through (a)(4) of 40 CFR 61.150 

Prerequisite 

Storage of LL W in containers at a DOE facility­
TEC 

Scrap metal. as defined in 40 CFR 261.1(c)(6) 
intended for recycle-applicable 

Radionuclide-contaminated scrap materials and 
equipment intended for recycle or reuse-TBC 

Collection. processing. packaging or transporting of 
any asbestosMcontaining waste material generated by 
demolition activities-~pplicable 

.----, 

Cit.tioo(s) 

DOE M 435.1-1 (JV)(N)(3) 

DOE M 435.1-1 (JV)(N)(6) 

DOE M 435.1-I(JV)(L)(I)(a) 

DOE M 435.1-I(JV)(L)(I)(b) 

DOE M 435.1-I(JV)(L)(I)(c) 

40 CFR 261.6(a)(3)(ii) 
Rules oftbe IDEC 
Chap. I200-I-II-.02(1 )(f)(I)(iii)(II) 

DOE Order 5400.5(II)(5)(c)(I) 

40 CFR 61.150(a) 

Rules oftbe IDEC 
Chap. 1200-3-II-.02(2)G)(I) 

~ 
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Table B.3. Action-specific ARARs and TBe guida",ce for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Management of pes waste 
(e.g., contaminated PPE. 
demolition debris. sludges) 

Management of 
PCB/radioactive waste (e.g., 
oils drained from pllmps. 
equipment, D&D demolition 
debris. etc.) 

Temporary storage ofPeB 
waste (e.g .. contaminated 
PPE. D&D demolition debris, 
sludges) 

Requirements 

Any person storing or disposing ofpCB waste 
must do so in accordaocewith 40 CFR 761. 
Subpart D 

Any person cleaning up and disposing of 
PCBs shall do so based on the concentration 
at which the PCBs are found 

Any person storing such waste must do so 
taking into aCcOlmt both its PCB 
concentration and radioactive properties. 
·except as provided in 40 CFR 761.65(a)( I). 
(b)(1)(ii) and (c)(6)(i) 

Any person disposing of such waste must do 
so taking into aCCOtmt both its PCB 
concentration and its radioactive properties 

If. after taking into account only the PCB 
properties in the waste. the waste meets the 
requirements for disposal in a facility pennitted. 
licensed. or registered by a state as a municipal 
or nonmunicipal nonhazardous waste landfill 
[e.g .. PCB bulk product waste under 40 CFR 
76 1.62(b)( 1 )]. the person may dispose of such 
waste without regard to the PCBs. based on its 
radioactive properties alone in accordance 
with applicable requirements 

Coutainer(s) shall be marked as illustrated in 
40 CFR 761.45(a) 

Storage area must be properly marked as 
required by 40 CFR 761.40(a)(I 0) 

Any leaking PCB Items and their contents 
shall be transferred immediately to a properly 
marked nonleaking colltainer(s). 

Prerequisite 

Generation of waste containing PCBs at 
concentrations ~ 50 ppm-applicable 

Generation ofPeB remediation waste as defined in 
40 CFR 761.3-.pplicable 

Generation for disposal ofPeB/ radioactive waste 
with 2: 50 ppm PCBs-applicable 

Storage of PCBs and PCB items at concentrations of 
50 ppm for disposal- applicable 

Citation(s) 
40 CFR 761.50(a) 

40 CFR 761.61 

40 CFR 761.50(b)(7Xi) 

40 CFR 761.50(b)(7Xii) 

40 CFR 761.65(a)(I) 

40 CFR761.65(c)(3) 

40 CFR761.65(c)(5) 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy. Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Storage o(PCB/radioactive 
waste in containers (e.g., 
contaminated PPE. 
demolition debris. sll/dges) 

Storage ofPeB waste andlor 
PCB/radioactive waste in a 
RCRA-regulated container 
storage area 

Disposal of RCRA-hazardolls 
waste in a land-based wut 
(debriS with lead paint, lead 
shielding. sludge. etc.) 

Requirements 

Container(s) shall be in accordance ""1th 
requirements set forth in DOT HMR at 
49 CFR 171-180 

TIle date shall be recorded when PCB items 
are removed from service. and the storage 
shall be managed such that PCB items can be 
located by this date. (Note: Date should be 
marked on the container.) 

For liquid wastes. containers must be 
nonleaking. 

For nonliquid wastes. containers must be 
designed to prevent buildup ofliquids if such 
containers are stored in an area meeting the 
containment requirements of 40 CFR 
761.65(b)(l Xii) 

For bOtllliquid and nonliquid ~es. coutainers 
must meet all regulations and requirements 
pertaining to nuclear crit~ca1ity safety 

Does not have to meet storage unit 
requiremeuts in 40 CFR 761.65(b)(I) 
provided unit 

• is pemlitted by EPA under RCRA 
Sect. 3004. or 

• qualifies for interim status under ReRA 
Sect. 3005. or . 

• is pemlitted by an authorized state under 
RCRA Sect. 3006. and 

• PCB spi11s cleaned up in accordance with 
Subpart G of 40 CFR 761 

Prerequisite Citation(s) 

40 CFR 761.65(c)(6) 

PCB items (includes PCB wastes) removed from 40 CFR 761.65(c)(8) 
service for disposal-applicable 

Storage ofPCB/radioactive waste in containers other 40 CFR 761.65(c)(6)(i)(A) 
than those meeting DOT HMR perfonnance 
standards- applicable 

Storage of PCBs and PCB items designated for 
disposal-applicable 

40 CFR761.65(c)(6(i)(B) 

40 CFR 761.65(c)(6)(i)(C) 

40 CFR 761.65(b)(2) 

40 CFR 761.65(b)(2)(i) 

40 CFR 761.65(b)(2)(ii) 

40 CFR 761.65(b)(2)(iii) 

40 CFR 761.65(c)(lXiv) 

Treatment/disposal ofwaste-excm'l11ed sediment/soils. sludge, building debris, secondary wastes 

May be land disposed ifit meets tlle Land disposal. as defiued in 40 CFR 268.2. of 40 CFR 268.40(a) 
requirements in the table ""Treatment restricted RCRA waste-applicable Rules of the IDEe 
Standards for Hazardous Waste·· at 40 CFR Chap. 1200-1-11-.10(3)(a) 
268.40 before land disposal 

~ 



Table B.3. Action-specific ARARs and TBC gnidance. for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

'" Action Requirements Prerequisite Citation(s) ~ ..., 
May be land ~isposed ifit meets the Land disposal. as defmed in 40 CFR 268.2. of. 40 CFR 268.45(a) >l> 

0- requirements in the table'" Alternative restricted RCRA·hazardous debris-applicable Rules of the IDEC 0 :: Treatment Standards for Hazardous Debris·· at Chap. 1200-1-Il-.\O(3) (1)(1) 

;; 40 CFR 268.45 before land disposal or the 
8 debris is treated to the waste-specific 

treatment standard provided in 40 CFR 
268.40 for the waste contaminating the debris 

Must be treated according to the alternative Land disposal. as defined in 40 CFR 268.2. of 40 CFR 268.49(b) 
treatment standards (>f 40 CFR 268.49(0) or restricted hazardous soils-applicable Rules of the IDEC 
according to the UTSs specified in 40 CFR Chap.1200-1-Il-IO(3)(J)(2) 
268.48 applicable to the listed andlor 
characteristic waste contaminating the soil 
prior to land disposal 

Are not prohibited if the wastes no longer Land disposal of restricted ReRA characteristically 40 CFR268.I(c)(4)(iv) 
exhibit a characteristic at the point of land hazardous wastes-applicable Rules of the IDEC 
disposal. lUlless·the wastes are subject to a Chap. 1200-1-11-.\0(1) (a)(3)(iv)(N) 
specified method oftr'eatment other than 

to DEACT in 40 CFR 268.40. or are D003 
• reactive cyanide N 
'0 

Packaging ofLLW for Must have structural stability either by Generation ofLL W for disposal at a LL W disposal Rules of the IDEC 
disposal (e,g,. contaminated processing the waste or placing the waste in a facility- relevant and appropriate Chap.1200-2-11-.17(7)(b)(1) 
PPE. D&D demolition container or stmcture that provides stability 
debris) after disposal 

Void spaces within the waste and between the Rules of the IDEC 
waste. and its package must be reduced to the Chap.1200-2-11-.17(7)(b)(3) 
extent practicable 

Treatment of LL W Treatment to provide more stable waste forms Generation of LL W for disposal at a LL W disposal DOE M 435.1-I(N)(O) 
and to improve the long.tenn performance of facility-TBC 
a LL W disposal facility shan be implemented 
as necessary to meet the perfonnance 
objectives of tile disposal facility 

J 
Disposal of solid LLW (D&D LL W shall be certified as meeting waste Generation of LL W for disposal at a DOE facility- DOE M 435.1-I(N)(J)(2) 
demolition debris. pipelines, acceptance requirements before it is TBC 
equipment. soil. sediment) transferred to the receiving facility 
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Table B.3. Action-specific ARARs and TBC gUidance for the selected remedy, Bethel VaUey area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Disposal of asbestos­
containing waste material 
(D&D demolition debris) 

Disposal of fluorescent light 
ballasts (e.g .. from D&D 
wastes) 

Disposal of PCB­
contaminated articles (e.g .. 
hydraulic machines, pumps, 
electrical equipment. etc.) 

Requirements 

Shall be deposited as soon as practicable at 

• an approved waste disposal site operated 
in accordance with Sect. 61.154 or 

• an EPA-approved site that converts 
RACM and asbestos-containing waste 
material into nonasbestos (asbestos-free) 
material according to the provisions of 40 
CFR 61.155 

Must be disposed ofin a TSCA-approved 
disposal facility. as bulk product waste under 
40 CFR 761.62. or in accordance with the 
decontamination provisions of 40 CFR 761.79 

May dispose ofin a municipal solid waste 
landfill 

Must remove all free-flowing liquid from the 
article. disposing' of the liquid in compliance 
with the requirements of 40 CFR 761.60(a)(2) 
or (a)(3): and 

Dispose by one of the following methods: 

• in accordance with the decontamination 
provisions at 40 CFR 761.79: 

• 

• 

hi a facility pennittecL licensed. or 
registered by a state to manage municipal 
solid waste or nonmunicipal nonhazardous 
waste: 
in an industrial furnace operating in 
compliance with 40 CFR 761.72: or 

in a disposal facility approved under this part 

Prerequisite 

Asbestos-containing waste material or RACM (except 
Category 1 nonfriable asbestos-containing material) 
from demolition activities-applicable 

Citalion(s) 

40 CFR 6 J.l50(b) 
Rules of the IDEC 
Chap.1200-3-II-.02(2)(j)(2) 

40 CFR 61.l50(b)(1) 
Rules of the IDEC 
Chap. 1200-3-11-.02(2)(j)(2)(i) 

40 CFR 6J.l50(b)(2) 
Rules of the IDEC 
Chap. 1200-3-11-.02(2)(j)(2)(ii) 

Generation for disposal of fluorescent light ballasts 40 CFR 761.60(b)(6)(iii) 
containing PCBs in the potting material-applicable 

Generation for disposal of intact. nonleaking PCB 
Small Capacitors (as defmed in 40 CFR 761.3)­
applicable 

Generation for disposal of PCB-Contaminated 
Articles (as defmed in 40 CFR 761.3)-applicable 

40 CFR 761.60(b)(2)(ii) 

40 CFR 761.60(b)(6)(ii) 

Disposal of PCB-Contaminated Articles with no free- 40 CFR 761.60(b)(6)(ii) 
flowing liquid-applicable . 

40 CFR 761.60(b)(6)(ii)(A) 

40 CFR 761.60(b)(6)(ii)(B) 

40 CFR 761.60(b)(6)(ii)(C) 

40 CFR 761.60(b)(6)(ii)(D) 
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Table B-3. Action-specific ARARs and TBe guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action 

Disposal of PCB liquids (e.g .. 
from drained electrical 
equipment) 

Disposal of PCB eleauup 
wastes (e.g., contaminated 
PPE. nonliquid cleaning 
materials) 

Disposa} of PCB cleauing 
solvents. abrasives. and 
equipment 

Perfonnance-based disposal 
of PCB remediation waste 
(e.g .. soils. sediments. 
sludges) 

Requirements 

Must be disposed of in an incinerator that 
complies ,mtll 40 CFR 761.70. except 

• for mineral oil dielectric fluid. may be 
disposed of in a high-efficiency boiler 
according to 40 CFR 761.71(a). aud 
for liquids other than mineral oil dielectric 
fluid. may be disposed ofin a lugh-efficiency 
boiler according to 40 CFR 761.71(b) 

Shall be disposed of either 

• in a facility pemlitted.licensed. or 
registered by a state to manage municipal 
solid waste uuder 40 CFR 258 or 
nonmunicipal. nonhazardous waste 
subject to 40 CFR 257.5 thru 257.30; or 

• in a RCRA Subtitle C laudfill peruritted 
by a state to accept PCB waste~ or 

• in an approved PCB disposal facility: or 
through decontamination \Ulder 40 CFR 
761.79(b) or (c). 

May be reused after decontamination in 
accordance ,mth 40 C'FR 761.79 

Prerequisite 

PCB liquids at concentrations;::: 50 ppm 
-applicable 

PCB liquids at concentrations;::: 50 ppm and < 500 
ppm-applicable 

Generation of nonliquid PCBs at any concentration 
during and from the cleanup ofpCB remediation 
waste-applicable 

. . 

Citation(s) 

40 CFR 761.60(a) 

40 CFR 761.60(a)(I) 

40 CFR 761.60(a)(2) 

40 CFR 761.61(a)(5)(v)(A) 

Generation of PCB wastes from the c1eauup of PCB 40 CFR 761.61(a)(5)(v)(B) 
remediation waste-- applicable 

May dispose by one of the folIovving methods: Disposal of non liquid PCB remediation waste as 
defmed in 40 CFR 761.3-applicable 

• in a high-temperature incinerator 
approved \mder 40 C'FR 761.70(b). 
by an alternate disposal method approved 
under 40 CFR 761.60(e). 

• in a chemical waste landfill approved 
under 40 C'FR 761.75. 

• in a facility vvith a coordinated approval 
issued under 40 CFR 761.77. or 
through decontamination in accordance 
,mth under 40 C'FR 761.79 

40 CFR 761.61(b)(2) 

40 CFR 761.61(b)(2)(i) 

40 CFR 761.61(b)(2)(ii) 



Table B.3. Action-specific ARARs and TBe guidance ror the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continned) 

'" Action Requirements Prerequisite Citation(s) ? 
S 

Performanc('·h~l~ed disposal May dispose of by one of the following: Disposal of PCB bulk product waste as defined in 40 40 CFR 761.62(a) ~ 
"- of PCB bulk product waste CFR 761.3-applicable 0 

~ (e.g .. D&D demolition debris • in all incinerator approved lOlder 40 CFR 40 CFR 761.62(a)(I) 
0; with PCB painted slI1faces) 761.70. 
;:: • in a chemical waste landfill approved 40 CFR 761.62(a)(2) 

under 40 CFR 761.75. 
• in a hazardons waste landfill permitted by 40 CFR 761.62(a)(3) 

EPA under Sect. 3004 ofRCRA or by 
autllorized state under Sect. 3006 of 
RCRA. 40 CFR 761.62(a)(4) 

• under alternate disposal approved tmder 
40 CFR 761.60(e). 

40 CFR 761.62(a)(5) • in accordance with decontamination 
provisions of 40 CFR 761.79. or 

• in accordance with thennai 40 CFR 761.62(a)(6) 
decontamination provisions of 40 C FR 
761.79(e)(6) for metal surfaces in contact 
witll PCBs 

ttl Risk-based disposal of PCB May dispose of in a manner other than Disposal of PCB bulk product waste-applicable 40 CFR761.62(c) 
, bulk product waste prescribed in 40 CFR 761.62(a) or (b) if w 
tv receive approval in writing from EPA and the 

method (based on teclmical. environmental or 
waste~specific characteristics) witI not pose an 
unreasonable risk of injury to htunan health or 
the environment. 

Trallsl!.ortatiolr 
Transportation of hazardous Shall be subject to and must comply with all Any person who. under contract with a department or 49 CFR 171.1(c) 
materials applicable provisions of the HMTA and HMR agency of the federal government. transports "in 

at 49 CFR 171-180 conmlerce." or causes to be transported or shipped. a 
hazardous material-applicable 

Transportation of radioactive Shall be packaged and transported in accordance Shipment ofLL W andlor TRU waste off~site-TBe DOE M435. I·(I)(I)(E)(I I) 
waste witll DOE Order 460.lA and DOE Order 460.2 

Transportation of LL W To the extent practicaL the volume of the Shipment ofLLW andlor TRU waste off·site-TBe DOE M435.1-I(IV)(L)(2) 

f 
andlor TRU waste waste and the number of the shipments shall DOE M 435.1·1(IIlXLX2) 

be minimized 
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Table B.3. Action-specific ARARs and TBC guidance for the selected remedy, Bethel Valley area, ORNL, Oak Ridge, Tennessee (continued) 

Action Requirements 

Transportation of PCB wastes Must comply with the manifesting provisions 
at 40 C'FR 761.207 through 40 C'FR 761.218 

Transportation of hazardous 
waste off-site 

Transportation of hazardous 
waste on-site 

Must comply v.rith the generator requirements 
of 40 C'FR 262.20-23 for manifesting. 
Sect. 262.30 for packaging. Sect. 262.31 for 
labeling. Sect. 262.32 for marking. Sect. 
262.33 for placarding. Sect. 262.40. 262.4I(a) 
for record keeping requirements. and Sect. 
262.12 to obtain EPA ID number 

Must comply with the requirements of 
40 C'FR 263.11-263.31 

A transporter who meets all applicable 
requirements of 49 CFR 171-179 and the 
requirements of 40 C'FR 263.11 and 263.31 will 
be deemed in compliance \\lith 40 CFR 263 

TIle generator manifesting requirements of 
40 C'FR 262.20-262.32(b) do not apply. 
Generator or transporter must comply Vlith the 
requirements set forth in 40 C'FR 263.30 and 
263.31 in the event of a discharge of hazardous 
waste on a private or public right-of-way 

Prerequisite 

Relinquislunent of control over PCB wastes by 
transporting. or offering for transport-applicable 

Off-site transportation of RCRA hazardous waste­
applicable 

Transportation of hazardous waste within the United 
States requiring a manifest-applicable 

Transportation of hazardous wastes on a pubJic or 
private right-of-way within or along the border of 
contiguous property l.Ulder the control of the same 
person. even if such contiguous property is divided 
by a public or private right-of-way-applicable 

Citation(s) 

40 CFR 761.207 (a) 

40 CFR262.10(h) 
Rules of the TDEC 
Chap.1200-1-11-.03(I)(a)(8) 

40 CFR 263.10(a) 
Rules of the TDEC 
Chap.1200-I-II-.04(1)(a)(I) 

40 CFR 262.20(1) 
Rules of the TDEC 
Chap.1200-I-II-.03(3)(a)(6) 

ALARA. .", as low as reasonably achievable FWPA = Former Waste Pile Area R.J>..CM = regulated asbestos-containing material 
ARAR "'" applicable or relevant and appropriate requirement 
CFR"" Code Qf Federal Regulations 
CWA ~ Clean Water Act of 1972 

HMR = Hazardous Materials Regulations 
HMT A "" Hazardous Materials Transportation Act 
ID "" identification 
LLW:= low-level (radioactive) waste 

RCR.J>.. = Resource Conservation and Recovery Act of 1976 
SWSA = solid waste storage area 
mc = to be considered 
T(' A = Tennessee ('ode Annotated 

~ 

0&0'" decontamination and decommissioning 
DEACT"" deactivation 
DOE'" U.S. Department of Energy 

NPDES "'" National Pollutant Discharge Elimination System 
NRWfP "" Nonradiological Wastewater Treatment Plant 
ORNL "" Oak Ridge National Laboratory 

TDEC = Tennessee Department of Environment and Conservation 
TRU"'" transuranic 

DOE M::o Rod;o(,,'fiw Waste M(magemenf Manual 
DOT"" U.S. Department of Transportation 
EDE = effective dose equivalent 
EPA = U.S. Environmental Protection Agency 

P&A = plugging and abandonment 
PCB = polychlorinated biphenyl 
PPE = personal protective equipment 

TSCA"" Toxic Substances Control Act of 1976 
UTS = Wliversal treatment standard 
WAC"" waste acceptance criteria 
WIPP = Waste Isolation Pilot Plant 



( 



( 

APPENDIXC 

PROCESS TO DETERMINE SUBSURFACE SOIL CLEANUP FOR 
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PROCESS TO DETERMINE SUBSURFACE SOIL CLEANUP FOR 
MINIMIZING IMP ACTS TO GROUNDWATER IN BETHEL VALLEY 

C.l INTRODUCTION 

A goal has been established to excavate accessible contaminated subsurface soils at leak and spill sites 
that have the potential to cause groundwater contamination at levels that would exceed a I x lO" risk for 
carcinogenic contaminants of concern (COCs) or a hazard quotient (HQ) of 1.0 for noncarcinogens, under 
an industrial scenario. The intent of this cleanup is to conduct initial removal of the most contaminated 
deeper soils that pose an immediate threat of causing continued or further spread of groundwater 
contamination. Additional soil cleanup may be required under a future fmal ROD for the site. 

The approach to detelmining required subsurface soil removal uses simple mathematical models to 
estimate the amount of contaminant release from soils, their attenuation during migration, and the 
concentration that would occur in water withdrawn from a groundwater well positioned within the lateral 
boundary of the contaminated area and withdrawing groundwater from beneath the contaminated soil 
mass. This appendix outlines the process that will be used in order to detelmine how much contaminated 
soil must be removed to minimize impacts to groundwater under the industrial use scenmio. The process 
was developed and applied to a representative contaminated soil area [the Tank W-IA leak site in Central 
Bethel Valley (CBV)] for the purpose of method demonstration. 

C.2 SUBSURFACE SOIL CLEANUP DECISION MODEL 

Each liquid low-level (radioactive) waste (LLLW) leak or spill site will be evaluated at the time of 
remediation to determine the amount of soil removal required for minimizing impacts to groundwater. 

The process of determining concentrations of site-related COCs in soil that may require removal 
involves several steps as shown schematically in Fig. C.l. The first step is to establish a first 
approximation of soil contaminant trigger level concentrations for each area of deep soil contamination 
in order to determine the amount of soil that must be removed. The first approximation of soil trigger 
levels uses the Sununers Model to estimate contaminant concentrations in groundwater from leaching of 
contaminated soil and uses rough estimates of the contamination soil dimensions [i.e., site footprint 
dimensions such as 6 x 9 m (20 x 29 ft)]. Screening of soil contaminant concentrations against the first 
approximation trigger levels includes computing a sum of fractions to detelmine if the total contaminant 
inventory for a site has the potential to contaminate groundwater above the indusbial nse limits. If the 
first approximation site assessment indicates that subsurface soils may contaminate groundwater above 
the industrial use limits, a refined assessment is performed using the Seasonal Soil compartment model 
(SESOlL) and the Analytical Transient 1-,2-, 3-Dimensional Model (ATl23D) to calcnlate contaminant 
concentrations in a hypothetical groundwater well that would be located at the downgradient edge of the 
contaminated soil mass. The refined assessment is used to provide the limiting concentration in soil for 
each COC to minimize impacts to gronndwater withdrawn from the hypothetical on-site well. A sum-of­
fractions approach is used to include all relevant site-specific COCs. Limiting COC concentrations in soil 
are nsed to generate contours that are subsequently used to compute the volume of soil that must be 
removed at each site. 

The general process outlined above is described in more detail in the next two subsections. 

OO·026(doc)/111601 C-3 Non!mber 16. 2001 
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1. Select a contaminated soil zone (CSZ) 

2. Identify COCs 

+ 
3. Perfonn statistical analysis to defme the soil 

exposure concentration CSE for each COC . .. 
4. Select parametric values representative of 

geochemical and physical properties of the CSZ 

f:+-------~ 
5. Apply SUlllfUers model to develop TLs for the COCs 

-- - ----- - ------ - --------- - - - -- --- - - - - ----- - ---- - - --j'-'-'-='--:':-'-='--:.:-=----'------, 

6. Compute J; = CSE lTl; for all COCs. Replace Ao with AI' 
and recalculate TL; 

Yes 

t 
Reject that COCi from 
f calculations 

No . 
.---------, 

8. Compute f= f C SE ; 

;=1 TL; 

10. RedefIne the 
area 

of contamination 
(AI) by data 
conto ring 

12. Apply SESOIL/ATl23D 
to calculate groundwater 

concentration Cwg at receptor 

No 

13. Calculate modifIed TLR using the C"g values 
Yes 

Stop. No soil 
remediation necessary. 

N C . 
14. Find f = b Tt:' 

1-1 1 

Yes 

No 

15. Develop 3-D concentration isosurface based 
on TLRs, and estimate soil-excavation volume 

Fig. c.l. Bethel Valley subsurface soil cleanup decision process 
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C.2.! First Approximation oJ Trigger Level Concentrations of COCs in Soil 

1. The first step in detennining the requirements for subsurface soil cleanup to minimize the impacts to 
groundwater is to identify the contaminated soil site (i.e., known leakage or spill location or other 
subsurface contaminated soil mass). A site conceptual model is prepared to define the basis of input 
parameters required for the contaminant transport modeling. An example of a conceptual model for 
subsurface soil contamination and transportation ofCOCs for Central Bethel Valley (CBV) is portrayed 
in Fig. C.2. 

2. Site-related COCs (in soil and groundwater) described in the Bethel Valley Watershed Remedial 
Investigation/Feasibility Study (RIfFS) (DOE 1999) (Table 6.2) for areas of concem in CBV are 
quantified for each contaminated site. COCs listed below include groundwater COCs in addition to 
certain soil COCs considered to be potential groundwater COCs because of their geochemical 
behavior. Trichloroethene (TCE) and dichloroethene (DCE) are also included because the 
concentration of vinyl chloride (a daughter product of these chemicals) in groundwater was observed 
to exceed groundwater criteria. The COCs selected for this analysis include metals (antimony, 

. d . ) d' I'd ("sA ' 41A 14C 134C mC 60C '.14C "'E 154E arsemc, mercury, an ZInc, ra lOnue 1 es -- c, - m, , S, S, 0, - ill, - U, u, 
1IOPb, 40K, '-17Pm, 226Ra, 228Ra, 90Sr, 2osTl, 113ryh, 3H, 232U, 234U, 235U, ]:38U, and 95Z1'), and volatile 

organic compounds (DCE, TCE, vinyl chloride). 

3. The laboratory analytical data obtained for the COCs are used in statistical analysis to define the 95% 
Upper Confidence Limit of the mean (DCL) for each contaminant. The UC45 represents the 
concentration of a COC such that it can be said with 95% confidence that the mean value will not 
exceed this concentration. The UC45 is compared against the maximum observed concentration, and 
the lesser of these two values is defined as the soil exposure concentration (CSE). 

4. Certain hydrogeologic parameters are required to estimate the impact of soil COCs on groundwater 
quality. Parametric values representative of Bethel Valley hydrogeologic conditions have been used 
in the sample calculations presented in this appendix. Site-specific parameters may be required 
during soil cleanup in Bethel Valley to modify the site conceptual model. Hydrogeologic parameters 
include (a) planar area of soil contamination A", (b) percolation rate qp, (c) saturated hydraulic 
conductivity K" (d) horizontal hydraulic gradient I, (e) area perpendicular to groundwater flow A", 
(f) depth of contamination h, (g) depth to the water table from ground surface, (h) moisture content in 
the saturated zone, (i) effective porosity of the unsaturated zone, (j) distance traveled by the 
contaminant, (k) organic fraction fe<;, etc. The parametric values used for this assessment are shown 
in Table C.l. Chemical parameters included target groundwater concentration (Cw), soil-water 
distribution coefficient (Kd), and organic-carbon partition coefficient (Ke<;). The values for these 
parameters are shown in Table C.2. Target groundwater concentrations are based on a preliminary 
remediation goal (PRG) at a carcinogenic risk level of I x 10'4 for groundwater use under an 
industrial exposure scenario. However, if a PRG based on cancer risk was not available, a value 
based on HQ = 1.0 was used. The parametric values are based on findings from previous 
investigations and published literature. In selecting literature values, a conservative approach was 
taken, and emphasis was placed on values representative of site-specific conditions. A detailed 
description of the parameters and the justification of the selected values are discussed in subsection 
C.3. 

5. The trigger level concentration of each cac is estimated using the analytical transport model developed 
by Summers et al. (1980). The concentration of any given COC, leached from the soil into the 
groundwater, is a function of the amount of the solute percolating through a theoretical soil column of 
negligible thickness, the amount of the chemical already present in the aquifer (if any), and the volume 
of water available for dissolution. The mathematical expression is as follows: 
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where 
TL 
Cw 

trigger level concentration for soil cleanup (mglkg or pCi/g) 
target groundwater concentration based on 10" cancer risk, 
if available; otherwise 1.0 hazard quotient (mg/L or pCilL) 
soil-water distribution coefficient (L/kg) 
volumetric rate of percolation (m3/day) 
Qp=qpxAo 
percolation rate (m/day) 
planar area of soil contamination (m2

) 

volumetric flow of groundwater (m3/day) 
QA = Ks x 1 X AA 

saturated hydranlic 'condnctivity (m/day) 
horizontal hydranlic gmdient (m/m) 
cross-sectional area perpendicular to flow (m2

) 

The Summers model incorporates the physical and chemical characteristics of the solute and the 
characteristics of the receiving aquifer to simulate the migration of the solute. The model is considered 
to be highly conservative. In addition, the calculated concentration is considered to be highly 
dependent on Kd values, which can range over several orders of magnitude. As such, the uncertainty in 
the result can range over several orders of magnitude, especially for metals and radionuclides. 
Therefore, the trigger level concentrations estimated using the model should be assessed with caution. 

C.2.2 Calculations of Limiting COC Concentrations in Soil and Contaminated Soil Volume 

6. The fmction factor fi (= CsE/TL;) for each cac represents the impact it may have on groundwater 
contamination. 

7. If the f; value for a cac < 0.1, then that particular cac is dropped fi'om fmther calculation and calculation 
is progressed with the rest of the cacs. 

8. The sum of fractions f for the site-specific cacs determines whether the soil requires excavation to 
minimize impacts to groundwater. 

9. Iff < 1.0, then no further calculation is necessary. It can be concluded that soil cleanup is not required. 
If the sum of fi'actions is greater than 1.0, soil cleanup will be necessary. 

10. The initial area of contamination was taken as the footprint of the contaminated site. TIllS area is redefined 
by contouring the data sOlted by the comparison of detected concentrations with their respective TLs. 

1 L The new area A; (Le., the area bomlded by the TL) is then compared with the old area Ao. If Ai> Ao, then 
the procedure is moved back to Step 5 where Ao is replaced with A; as the new Ao. 

12. If A;:O; Ao, then leachate modeling is perfonned using SEsaIL. The model calculates contaminant flux into 
the shallow water table beneath the site over a IOO-year period. Using the results fi'om the leachate 
modeling, saturated flow and contaminant transport modeling is perfonned using AT123D. Tills model 
predicts the maxilllUtll groundwater concentration (C"v) at the receptor location. 
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13. Based on the maximum groundwater contamination after migration and natural attenuation, tlie cae:; 
trigger level concentrations are revised according to the following equation: ( 

where, 
TLR = revised trigger level for soil cleanup (mglkg or pCi/g) 
Cw target groundwater concentration based on 10.4 cancer risk, if available; otherwise 

1.0 hazard quotient (mgIL or pCi/L) 
CSE soil exposure concentration for the area of soil contamination (pCi/g or mglkg) 
Cg". = ATl23D-predicted maximum groundwater concentration at the receptor location 

(pCilL or mglL) 

J4. The modified trigger level values are considered the limiting COC concentrations. These values are 
again compared with the respective CSE values of the COC, and the sum offractionsJis calculated. 

'f = f CSE,i 

i ~ 1 TLRi 

15. If J 2: 1.0, the volume of soil that should be excavated (Le., soil within the TLR) is calculated by 
developing a three-dimensional (3-D) concentration isosurface. 

C.3 DESCRIPTION OF THE PARAMETERS AND REPRESENTATIVE VALVES 

Vertical Percolation. Vertical percolation or recharge to the shallow groundwater system in CBV is 
based on Gerald Moore's water budget analysis for the groundwater parameters and flow systems near 
Oak Ridge National Laboratory (Moore 1992). 

Horizontal Area of Spill. Contaminated soil areas vary in size in Bethel Valley; therefore, soil 
removal for minimizing impacts to groundwater will be based on location-specific data. The Tank W-IA 
leak in the NOlth Tank Farm area is a known source of significant groundwater contamination and is used 
in this example to demonstrate the method of detelmining soil cleanup requirements for minimizing 
impacts to groundwater protection. The Tank W-IA leak is the source of the Core Hole 8 contaminant 
plume. considered to be one of the most significant groundwater contaminant plumes in Bethel Valley. 
The dimensions of the Tank W-IA leak site contaminated soil mass are approximately 6 x 9 m 
(20 x 29 ft), thus the horizontal area of the spill Ao is 6 x 9 m = 54 m' (20 x 29 ft = 580 ft\ 

Hydraulic Conductivity in Saturated Zone. The hydraulic conductivity in the saturated zone is 
based on single-well hydraulic conductivity tests (slug tests and straddle packer tests) and ranges from 
1.20E-05 ctnls to 1.2E-OJ ClnlS (Ketelle 1999) with an average of 3.56E-04 cnlls, and a geometric mean 
of 5.13E-05 cnlls. According to the Summers model, a lower conductivity leads to a smaller volume of 
groundwater flow in the mixing zone. As less groundwater volume becomes available for diluting a given 
influx of contaminant into the mixing zone, the lower conductivity leads to a lower trigger level. The 
geometric mean represents a reasonably conservative estimate of the lower value; therefore, 5.13E-05 
cm!s has been used in these sample calculations for conservatism. 
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Table C.I. Hydrogeologic Parameters for Central Bethel Valley 

Parameter 
Vertical percolatiou 

Horizontal area of spill 

Hydraulic conductivity in 
saturated zone 

Hydraulic gradient in saturated 
zone 

Aquifer thickness 

Source ,,1dth perpendicular to 
groundwater flow 

Source length parallel to 
groundwater flow 

Fraction organic carbon 

Rl = remedial investigation 
FS = feasibility study 

Symbol Units 
qp iulyr 

Ap ft' 

Ks cmlsec 

Is unitless 

h ft 

w ft 

I ft 

fo< unitless 

Value Source/J ustification 
1.3 Water budget analysis by Gerald Moore 

(1992). 
580 Noted Tank W-IA leak site area as 6 x 9m 

(20 x 29 ft) from Attachment J.I (RlIFS); the 
allacilltent took the dimensions from DOE 
(1996). 

5.1E-05 Appendix E noted the measured Ks range as 
1.2E-5 clulsec to 1.2E-1 clulsec. Took the 
geometric mean as a reasonable conservative 
value. 

0.043 An average value based on potentiometric 
surface across the site (Figure 5.20; p. 5-97 of 
the RlIFS. DOE 1999). 

130 Assumed a regolith thickness of 10m (33 ft) 
and well depth of 50 m (164 ft) to obtain an 
aquifer thickness of 40 m (130 ft). 

20 Based on the smallest dimension of Tank 
W-IA leak site [6 x 9 m (20 x 29 ft)l for 
conservatism. 

29 Based on the largest dimension of Tank 
W-IA leak site [6 x 9 m (20 x 29 ftll for 
conservatism. 

0.002 Based on statistical analysis of site-specific 
values. 

Hydraulic Gradient in Saturated Zone. Based on the potentiometric surface presented in Fig. 5.20 
of the lUfFS for Bethel Valley (DOE 1999), the hydraulic gl'3dient ranges from 0.026 to 0.06 with an 
average of 0.043. According to the Summers model, a lower gradient leads to a smaller volume of 
groundwater flow rate in the mixing zone. As less groundwater volume becomes available for diluting a 
given influx of contaminant into the mixing zone, the lower gradient leads to a lower trigger level. A 
hydraulic gradient value of 0.043 was used in these sample calculations. 

Aquifer Thickness. The CBV area at ORNL is underlain by seven geologic units of the 
Chicamagua Group (p. E3-I, Ketelle 1999). This entire section of geologic strata dips at approximately 
30° to the southeast with strike parallel to the valley axis. Near the surface and above the bedrock, the 
weathered regolith is fairly unifonn in consistency. The thickness of regolith ranges from 0.3 m to 7 m 
(1 to 23 ft) (Table E.l, Ketelle 1999). Below the regolithlbedrock interface, the strata are distinct. In 
general, groundwater flow and associated contaminant transport occur along strike-parallel direction, and 
they are confined to individual strata. Each stratum acts as an individual pathway, and estimation of 
aquifer thickness becomes difficult. A well is assumed to extract water from a depth of 50 111 (164 ft) 
below ground surface and from a stratum with contamination (Fig. C.2). The thickness of the regolith is 
assumed to be 10 III (33 ft), yielding an aquifer thickness of 40111 (130 ft). 
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Table C.2. Example trigger levels fol' the Bethel Valley.COCs applied to Tank W-IA soils 

Target groundwater 
K", K" concentration Trigger Levels 

COC (Likl!) (Likl!) (m~1L or nCiIL) (rug/l<g or pCi/g) 
Metals alld inorgallic compoll1l(/s 

Aotimony 45 ' 0.041 H 
Arsenic 29 ' 0.019 C 
Mercury 52 ' 0.0031 C 
Zinc 62 ' 31 H 

Radiollllclides 
Actinium-228 450 ' 9.900 C 
Americinm-241 1900 ' 49 C 
Carbon-14 I ' 16.000 C 
Cesium-134 3000 d 340 C 
~esiwn-137 3000 d 510 C 
Cobalt-60 800 d 850 C 
Curiwn-244 40 ' 64 C 
Europium-152 40 ' 2.800 C 
Europium-154 40 ' 1.700 C 
Lead-21O 100 d 24 C 
Potassium-40 30 d 1.300 C 
Promethimn-147 650 b 11.000 C 
Radium-226 3000 d 54 C 
Radium-228 3000 d 65 C 
Strontium-90 30 ' 390 C 
Thallium-208 71 'd 910.000 C 
Thorium-228 3000 d 2S0 C 
Tritium 0.06 

, 
220,000 C 

Uraniwu-232 40 d 200 C 
Uranium-234 40 d 360 C 
Uranium-235 40 d 350 C 
Urallium-238 40 d 370 C 
Zirconium-95 600 ' 4.100 C 

Volatile orgml;c compoullds 
1.2-Dichloroethene (total) 77.S • 0.155 0.92 H 
cis-l.2-Dichloroethelle 35.S g 0.071 IH 
tralls-1.2-Dichloroethene 38 f 0.076 2 H 
Trichloroethene 94.3 f 0.1886 2.6 C 
Vinyl chloride 18.6 g 0.0372 O,OlS C 

a l<d values from EPA Soil Screening Guidance: Technical Backgrowld Document. May 1996. 
b Baes et. a1. 1984 . 
C Sheppard and TIlibault 1990 
d ORNL 1997, Table X.l for Melton Valley 
c DOE 1999. RIfFS for the Bethel Valley watershed at Oak Ridge National Laboratory, Oak Ridge, Tennessee. 
f Measured Koc values from EPA Soil Screening Guidance: Technical Background Document, May 1996. 
sCalculated Ko.: values from EPA Soil Screening Guidance: Technical Background Document, May 1996. 
b EPA Treatability Database (RREL VersionS.O) 

e = PRG at Cancer Risk of I O-~ 
cae = containment of concem 
EPA = U.S. Environmental Protection Agency 
H = PRO at Hazard Quotient of 1.0 
K<! = soil-water distribution coefficient 
Koc = organic carbon partition coefficient 
PRG = preliminary remediation goal 
RREL = Risk Reduction Engineering LaboratoIY 

1.74E+02 
5.20E+OI 
1.52E+OI 
1.8IE+05 

4.2IE+05 
8.79E+03 
1.5IE+03 
9.63E+04 
1.44E+05 
6.42E+04 
2.42E+02 
1.06E+04 
6.42E+03 
2.27E+02 
3.68E+03 
6.75E+05 
1.53E+04 . 
1.84E+04 
1.l0E+03 
6.IOE+06 
7.08E+04 
1.2SE+03 
7.55E+02 
1.36E+03 
1.32E+03 
1.40E+03 
2.32E+05 

1.35E+OI 
6.70E+00 
1.43E+OI 
4.63E+OI 
S.27E-02 

Source Length Parallel to Groundwater Flow. The source length parallel to groundwater flow is 
. related to the horizontal area of spill. A site-specific source-length will be determined for each area of 
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contaminated subsurface soil at the time of remediation. According to the Summers model, . a longer 
length leads to larger influx of contaminants in the mixing zone, consequently leading to a lower trigger 
level for a given target groundwater concentration. For purposes of these sample calculations, the 
horizontal area is based on the Tank W-IA leak site dimensions of 6 x 9 m (20 x 29 ft) and a source 
length parallel to groundwater flow of 9 m (29 ft) was selected. 

Fraction Organic Carbon. The fraction of organic carbon (f.c) is selected based on measured 
values of total organic carbon content (TOC) in the Bethel Valley area. Statistical analysis was 
conducted on the sampling results obtained from measurements taken in 1991 (70 samples). Based on 
statistical analysis, the data represent a lognormal distribution with a mean foo value of 0.0027, having a 
95% lower confidence limit (LCL) of 0.002. The LCL value is identical to the U.S. Enviromnental 
Protection Agency (EPA) default value. According to the Summers model, a lower f.c yields a lower K d, 

and the lower Kd leads to a lower trigger level. A lower Kd reduces the soils capacity to contain 
contaminants through adsorption. Therefore, the 95% LCL value of 0.002 was selected for conservatism. 
In areas of significant VOC contamination of soil, additional fraction of organic carbon measurements 
will be made to refine the analysis of potential VOCs in soil to contaminate underlying groundwater. 

Soil-Water Distribution Coefficient. The Kd for metals and inorganic compounds and for 
radionuclides were obtained based on previous investigations and published literature values. The value 
of the coefficient for a chemical may Vaty over a wide range, and selection of a unique value for the 
coefficient becomes difficult. As such, a simple method was followed in selecting the value. First, a site­
specific or site-related value may be selected from the Solid Waste Storage' Area 6 perfomlance 
assessment (ORNL 1997). If a site-specific value is not found, the value may be taken from EPA (1996). 
If the value is not found in EPA (1996), the value may be searched in Sheppard and Thibault (1990) for. 
sand. Finally, if the value is not found in Sheppard and Thibault (1990), the value may searched in Baes 
and Sharp (1984). A unique value for each element in the periodic table is presented in Baes and Sharp 
(1984). 

The soil-water distribution coefficients for volatile organic compounds are estinlated as the 'product off", 
and soil K",. The selection of f.c is discussed above. Values for K", may be found in the EPA Soil 
Screening Guidance Technical Background Document (EPA 1996) or in the EPA Treatability Database 
(EPA 1994). 

Target Concentration in Groundwater. As previously indicated, the target concentration in 
groundwater is based on the PRG at a cancer risk of 10.4 or the PRG at an HQ of 1.0 under the industrial 
exposure scenario. 

C.4 MODELS SELECTED 

C.4.1 SESOIL 

SESOIL was used to simulate the vertical transport of contaminants from the source areas down 
through the vadose zone to the shallow groundwater (water table). SESOIL is a one-dimensional, veltical 
transport code for the unsaturated soil zone designed to simultaneously model water transport and 
pollutant fate. The program was originally developed by EPA (Bonazountas and Wagner 1984) and has 
been extensively modified to enhance its capabilities (Hetrick et al. 1989; Hetrick et al. 1986; and Hettick 
and Travis 1988). 

The SESOIL model defines the "soil compartment" as a soil column extending £i'om the ground 
surface through the unsaturated zone to the water table. Processes are simulated in SESOIL in both the 
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hydrologic cycle and the pollutant cycle, each of which is a separate submodule in the SESQILcode. The 
hydrologic cycle includes rainfall, surface runoff, infiltration, soil water content, evapotrarispiration, and ( 
groundwater recharge. The pollutant cycle includes convective transport, volatilization, 
adsorption/desorption, and degradation/decay. A contaminant in SESOIL can partition in up to four 
phases (liquid, adsorbed, air, and pure). 

SESOIL is well recognized and accepted by the scientific community utilizing soil-chemical fate 
models. Attributes of SESOIL that make it particularly attractive and suitable for the vadose zone soil 
leaching at this site include the following: 

• SESOIL has been extensively validated and shown to work under a number of scenarios. It has also 
been used for similar applications in other parts of the country and is capable of providing the 
information required from this study (Hetrick 1984; Watson and Brown 1985; Hetrick et al. 1986; 
Melancol, Pollard, and Hem 1986; Hetrick and Travis 1988; Hetrick et al. 1989; Hetrick, Luxmoore, 
and Tharp 1993; Hetrick and Scott 1993). 

• SESOIL has the advantage of fewer input requirements and faster run times than more complex 
unsaturated zone models, while still maintaining considerable resolution of the pollutant front in 
both time and space. 

• The model can be divided into as few as two layers and as many as four layers, with as many as ten 
sublayers in each of the layers. This compartmental nature of the model allows for user-specified 
tailoring to suit a particular site. 

C.4.2 AT123D 

The AT123D is a well-known and commonly used analytical groundwater pollutant fate and 
transport model. This model was developed by Yeh (1981) and has been updated by GSC (1996). It 
computes the spatial-temporal concentration distribution of chemicals in the aquifer system and predicts 
the transient spread of a chemical plume through a groundwater aquifer. The fate and transport processes 
accounted for in AT123D are advection, dispersion, adsorption/retardation, and decay. This model can be 
used as a tool for estimating the dissolved concentration of a chemical in three dimensions in groundwater 
resulting from a mass release (either c·ontinuous or instant or depleting source) over a source area 
(i.e., point, line, area, or volume source). 

C.4.3 SESOIL and AT123D Model Parameters 

The hydrologic modeling parameters used for fate and transpOit modeling are based on findings 
from previous investigations. Representative parameter values were selected to represent the variability 
in the hydraulic system and the most likely conditions within that variability. Time-vmying model runs 
were perfonned using the representative values. Model runs were calibrated using site data. AT123D 
modeling represents the worst-case flow direction; therefore, it is likely that the model runs will 
generally overestimate actual transport of contaminants. 

The chemical-specific model parameters include solubility in water, organic carbon partitIOn 
coefficient, Hemy's Law constant, soil-water distribution coefficient, diffusion coefficients in air and 
water, and first order decay constant. These are literature-based parameters and a conservative approach 
should always be utilized for selecting the values of these parameters. Chemical-specific source inputs, 
radioactive decay, and biodegradation rates were developed and presented in the final estimate of 
volume. 
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( C.S MODEL APPLICATION AND RESULTS 

C.S.l Example Use of Bethel Valley Soil Cleanup Level Calculations for Minimizing Impacts to 
Groundwater 

To demonstrate the use of the process outlined above, sample calculations of soil removal at the Tank 
W-IA leak site were perfonned. For purposes of this example, calculations were perfOlmed for all the COCs 
selected fi'om the Betllel Valley RI (DOE 1999) for minimizing intpacts to groundwater, althongh not all of 
these COCs occur at the Tank W-IA leak site. 

The Sunnners model was applied to each COC for predicting its trigger level at Tank W-IA. The results 
of the model application to all the COCs are shown in Table C.2. TIle first colunm lists the COCs. The second, 
third, and fourth columns list the K.., Ko, and Cw. respectively, of the COCs. The fifth colmlm lists the TL of 
theCOCs. 

For purposes of this example, it is assumed that three COCs, 9OSr, 14C, and tritium, are detected in a CSZ 
at CBV. It is assumed that statistical analysis indicates the maximunl concentration of these COCs exceed their 
respective TLs. Therefore, the sunl-of-fi'8ctions is also greater than 1.0. The area of the soil contamination zone 
based on comparison to the TLs is assumed to be smaller than the area used in Summers model. Contaminant 
transport using SESOlL and AT123D models are perfonned for these constituents, and maximum 
concentrations at tile receptor location are predicted. Plots of concentration versus tinte at the receptor location 
are presented in Fig. C.3 through C.5. As can be seen from these figures, the tintes of maxintum concentration 
are 140 years for 9OSr, 50 years for Ct4, and 8 years for tritium. 

For this example, the maximum soil concentration of 90Sr in the CSZ of 20,000 pCi/g is used in the 
SESOlL modeling with the 54 m' (580 ft') area of soil contamination exceeding the 90Sr TL. Depth of 
soil contamination used in the modeling is 1.8 to 3.4 m (6 to II ft) below grolmd surface and the leaching 
zone below the soil contamination is 1.7 m (5.5 ft) [i.e., depth to water table is 5.0 m (16.5 ft)]. The 
predicted niaximum groundwater concentration based on SESOIL and AT123D modeling at the receptor 
location is 471 pCi/L. Therefore, the revised (updated) TL 90Sr is given by: 

TLR = (20,000 pCi/g x 390 pCi/L) / 471 pCiIL 
= 16,560 pCi/g 

Since the maximum soil concentration of 9OS1' in the CSZ (i.e. 20,000 pCi/g) is gl'eater than its TLR, 
soil cleanup is necessary for this site. The volume of soil that should be excavated (i.e., soil within the 
16,560 pCi/g) for cleanup may be estimated by developing 3-D concentration isosurfaces. 

C.S.2 TL Verification anll Sum of Fractions 

As shown in Table C.3, by using the sum-of-fractions approach, the cumulative risk to an industrial 
groundwater user can be derived and it can be easily determined whether cleanup of soil is necessmy. 
Note that the sum-of-fractions calculations for Scenario 2 assumes that all the COCs considered reach a 
peak concentration at tile same time. If an altemative assumption is made (i.e., the concentration peaks 
differ), then Scenario 2 may also meet the groundwater target risk. 

For example, assume that the tlU'ee COCs considered above are 90Sr, 14C, and tritium. The SESOIL 
and AT123D modeling results presented earlier show that these COCs should reach peak concentrations 
at markedly different times. Therefore, because none of the fractions exceeds 1, the cumulative risk at all 
times can be expected to remain below lE-04, and no cleanup would be necessary for Scenario :2 
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contaminated soils. Issues such as these will need to be addressed in developing the estimate .or final 
volume for excavation at CBV. ( 

C.6 LIMITATIONS/ASSUMPTIONS 

Based upon data availability, a conservative approach was used, and the contaminant concentration in 
groundwater may have been overestimated. Following are key assumptions used in this analysis: 

• The aquifer is homogenous and isotropic. 

• Flow is under steady-state condition. 

• Flow and transport are not affected by density variations. 

• The interaction between solid- and solution-phase concentrations follows equilibrium, reversibility, and 
linearity. 

• There is no interaction between different solutes in the groundwater. 

The inherent uncertainties associated with these assumptions must be recognized. The geochemistry of 
the site may be significantly affected by the interaction between different solutes present at the site and, 
hence, may change over time. Projected organic concentrations in the aquifer are expected to be highly 
conservative due to the use of steady-state source without any biodegradation. 

OO·026(doc)1111601 C-14 November 16.2001 

( 



500.00 

400.00 

~ 
U -= 300.00 
= .: -Il: ... .... 
= ~ 200.00 
<:.; 

= c 
U 

100.00 

Groundwater Target Conc.= 390 pCiIl 

- at the receptor 

- Groundwater Target 

0.00 +, --1-___ -,--_ __ ----,_----== _ .--_ __ ----, _ __ ----. 

o 200 400 600 800 1000 

Time (year) 

!Fig. C.3. IPlI"edicted groundwater concentration of 9DSr based on assumed soil concentration in CRY. 

70000.00 

60000.00 

,-, 50000.00 :;;; 
U - at the receptor 
Q. 
'-' 

40000.00 = 
- Groundwater Target 

.: ..... 
~ ... _. 

30000.00 = 
~ 
<J = C 
U 20000.00 Groundwater Target Cone. = 16000 pOll 

10000.00 

0.00 

0 100 200 300 400 500 

Time (year) 

Fig. C.4. Predicted groundwater concentration of l~C based on assumed soil concentration in CBV. 

00-026( doc )109070 I C-lS August 22. 200 r 



3.00E+05 

2. 50E+05 
Groundwater Target Conc. = 1.1E+05 pCi!l 

--~ :;;. 2.00E+05 U -- at the receptor 
c. --= 

- - Grotmdwater Target 

.S: 
1.50E+05 -'"= ... -= ~ 

'"' = l.OOE+05 0 
U 

5.00E+04 

O.OOE+OO +, _ -l ____ ~-=~--,----___;_----_.__---_, 

o 20 40 60 80 100 

Time (year) 

Fig. C.S. Predicted gt·oundwater concentra tion of tritium based on assumed soil concentration in CBV. 

Table C.3. Use of sum of fractions with the risk-based Trigger Levels 

Example COC 
Scenario concentration 

1 2 
5 
[0 

Sum of Fractions 
2 0.5 

50 
[0 

Sum of Fractions 
3 0.5 

3 
[0 

Sum of Fractions 

COC = contaminant of concern 
TL = trigger level 
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Fmction Result 
2 Scenario [ will require cleanup because the fraction 

0.05 for Scenario 1 COCs exceeds TL. This indicates that 
0.[ risk from a single coe (as well as total risk) would 

2.15 exceed the target risk of lE-04 . 

0.5 Scenario 2 will require cleanup because the sum of 
0.5 fractions for Scenario 2 is > !. This indicates that 
O. l total risk would exceed the target of risk of [E-04. 
1.1 
0.5 Scenario 3 is accepted because the sum of frac tions 

0.03 for the eocs is not exceeded. This indicates that the 
O. t total risk would be less than the target risk of 1 E-04. 

0.63 
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Table 0.1. Comparative evaluation of Central/East Bethel Valley building alternatives, ORNL, Oak Ridge, Tennessee 

Alternative C-l Alternative C-2 
Criteria (no action) (removal, surface & subsurface) 

Overall protection of human No protection from Complete removal of all contamination 
health and the environment radiological associated with buildings. Debris disposed 

exposure. appropriately. Exception is Graphite 
Reactor which is grouted and is protective. 

Compliance with ARARs NoARARs. Meets all ARARs. 

Reduction of toxicity. No reduction of No reduction of toxicity. mobility. or 
mobility, or vohune through toxicity, mobility. volume through treatment. 
treatment or volume through 

treatment. 

Short-tenn effectiveness No short-tenu Greatest potential for worker exposure or 
impacts because no transportation accidents due to greatest 
remedial actions amount of work and waste generated. 
taken. However. the short-tenn impacts are 

controllable. 

Implementability Easy to implement. TechnicallY feasible but nwnerous 
challenges ill removing subsurface features 
if plant remains active. No administrative 
issues. Available disposal outlet. 

Base action cost Capital $0 $84.700.000 
(lmescalated) ------ ------------ ----------------------------Annual $0 $0 -

O&M 

J\R.AR. "" applicable or relevant and appropriate requirement 
ORNL = Oak Ridge National Laboratory 
NA :::: not applicable 
O&M "" operation and maintenance 

1 Institutional control costs built into siteMwide alternative costs 

Alternative Cw3 Alternative C~4 
(building surface removal, decon (surface removal, grout 

subsurface) subsurface) 
Basically same as Alternative C-2 but may Relies on containment to control 
be less certain that all subsurface migration of and access to 
contamination bas been removed. subsurface contamination. 

Complete removal of sutface 
contamination. Graphite Reactor 
grouted as in Alternative C-2. 

Meets all ARARs. Meets all ARARs. 

No reduction of toxicity. mobility. or No reduction of toxicity. mobility. 
volume through treatment. or volwne through treatment. 

Slightly less potential for worker exposure Less potential for worker exposure 
and transportation accidents than from and transportation accidents than 
Alternative C-2. but greater potential than from Alternative C-3. 
Alternative C4. 

Technically feasible. Easier to implement Technically feasible. Slightly easier 
at active facility than Alternative C-2 but to implement than Alternatives C·2 
more difficult than Alternative C-4. and C·3. Available disposal outlets. 
Available disposal outlets. 
$82.200.000 $80.600.000 

$0--------------------------$0'---------------------
---~ --
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Table 0.2. Comparative evaluation of Central/East Bethel Valley buried waste alternatives, ORNL, Oak Ridge, Tennessee 

Alternative C-l Alternative C-2 Alternative C-3 
Criteria (no action) (removal) (containment) 

Overall protection ofhl.lman No protection from Complete removal of all contamination Protective to extent caps and covers are 
health and the enviromnent exposure to buried associated with buried waste. Material maintained and institutional controls are 

waste. disposed appropriately. implemented. 
Compliance with ARARs NoARARs. Meets all ARARs. Meets all ARARs. 
Long-tenn effectiveness Not effective. Most effective and pennanent as all Effectiveness relies on long-tenn 
and pennanence contamination is removed. maintenance and institutional controls. 

Controls at an active laboratory can be 
effectively implemented. 

Reduction of toxicity. No reduction of No reduction of toxicity. mobility. or No reduction of toxicity. mobility. or 
mobility. or volume through toxicity. mobility. volume through treatment. volume lluough treatment. 
treatment or volume through 

treatment. 
Short·teml effectiveness No short-term Most significant potential for worker Limited potential for construction 

impacts because no exposure during excavation and accidents accidents during capping and accidents 
remedial actions during transportation. Takes up during cover transportation. 
taken. considerable disposal space but should 

have outlets available. 
Implementability Easy to implement. Although more challenging than Easy to implement. No administrative 

Alternative C-3. technically feasible with difficulties. 
few challenges due to less contaminated 
contents. Disposal outlets available. 

Base action cost Capital $0 $10.500.000 $940.000 
( ullescalated) ._---- ------------ --------------_._-----------

Annual $0 $0 $23.000-'- - - - - - - - - - - - - - - - - - - ---

O&M 

ARAR "" applicable or relevant and appropriate requirement 
NA = not applicable 

O&M = operation and maintenance 
ORNL =: Oak Ridge National Laboratory 

1 Institutional control costs built into site-wide alternative costs. 

Alternative C-4 
(containment) 

See Alternative C-~. 

Meets all ARARs. 
See Alternative C-3. 

See Alternative C·3. 

See Alternative C-3. 

See Alternative C-3. 

$940.000 

-$23.000'- - - - - - - - - - - - - - - - --
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Table D.3. Comparative evaluation of Central/East Bethel Valley Gunite/Concrete Tanks (etc.) alternatives, ORNL, Oak Ridge, Tennessee 

-- - -

Alternative ew 1 Alternative C-2 Alternative C-3 
Criteria (no action) . (linin2 removal, backfill) (backfill) 

Overall protection of human No protection from Complete removal of all contamination Relies on contairunent to control migration 
health and the environment cover failure or associated with these tanks. Debris and access to subsurface contamination. 

exposure. disposed appropriately. Almost no maintenance required. 
Compliance with ARARs NoARARs. Meets all ARARs. Meets all ARARs. 
Long-tenn effectiveness Not effective. Most effective and pennanent as all Contamination remains but is effectively 
and pernlanence contamination is removed. controlled by filVgrout. Little reliance on 

maintenance and institutional control for 
continued effectiveness. 

Reduction of toxicity. No reduction of No reduction oftoxicity. mobility. or No reduction of toxicity. mobility, or 
mobility, or volume through toxicity, mobility. volume through treatment. volume through treatment. 
treatment or volume through 

treatment. 

Short-tenn effectiveness No short-term Removal of liner enhances potential for No significant short-term impacts. 
impacts because no worker exposure over Alternative C-3. but 
remedial actions is controllable. 
taken. 

Implementability Easy to implement. Challenging to remove liner without Technically feasible with no administrative 
potential for collapse. Feasible but notably difficulties. 
more difficult than Alternative·C-3. 

Base action cost Capital $0 $34.000.000 $5.800.000 
(unescalated) ------- ------------- ---------------------------Annual $0 $0 $~-------------------------

O&M 

ARAR ~ applicable or relevant and appropriate requirement 
NA "'" not applicable 

O&M "" operation and maintenance 
ORNL ::0 Oak Ridge National Laboratory 

1 Includes inspection, mowing.. and erosion control. 

Alternative C-4 
(backfill) 

See Alternative C-3. 

Meets all ARARs. 
See Alternative C-3. I 

See Alternative C-3. 

See Alternative C-3. 

See Alternative C-3. 

$5.800.000 

$0'- - -------------------. 
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Table D.4. Comparative evaluation of Central/East Bethel Valley pipeline and steel tank alternatives, ORNL, Oak Ridge, Tennessee 

Alternative C-t Alternative C-2 Alternative C-3 Alternative C-4 
I 

Criteria (no action) (removal after ~routin~) (wout tanks and pipelines) (wout tanks) 
Overall protection of human No protection from Complete removal of all cOntamination Protection from exposure provided by Protection from exposure provided I 

health and the environment radiological associated with steel tanks and pipelioes. grout and institutional controls. Protection by grout and iostitutional controls. 
exposure nor Material disposed of appropriately. from contaminant migration provided by No protection from contaminant 
migration of grout. migration through pipelines 
contaminants. I provided. 

Compliance with ARARs NoARARs. Meets all ARARs. Meets all ARARs. Meets all ARARs. 
Long-tenn effectiveness Not effective. Most effective and permanent as all Effective but some reliance on long-term Effective at preventiog exposure but 
and permanence contamination is removed. controls is needed. not effective at controlling 

groundwater contamination through 
pipelioes. 

Reduction of toxicity, No reduction of No reduction of toxicity. mobility. or Reduction of mobility of residual Reduction of mobility of residual 
mobility. or volume through toxicity. mobility, vollUlle through treatment. contamination in tanks and pipelines as a contamination in tanks as a result of 
treatment or v01ume through result of grouting. grouting. 

treatment. 
Short-term effectiveness No short-tenn Greater potential for worker e:\"Posure due Limited potential for worker ex "Po sure Limited potential for worker 

impacts because no to significant construction effort to remove since contamination left in place. No exposure since contamination left in 
remedial actions tanks and pipelines. Significant volumes impacts to community via releases or place. No impacts to community via 
taken. of waste transported. Impacts can be . transportation accidents. Could impact releases or transportation accidents. 

controlled. . plant operations duriog pipeline grouting. 
Implementability Easy to implement. Technically feasible but numerous Teclmically feasible but locating Tecimically feasible--all actions 

challenges in removing grouted tanks and appropriate pipelines to grout will be a have been done before. 
pipelines if plant remains active. No challenge. 
administrative issues. Available disposal 
outlets. 

Base action cost Capital $0 $22.400.000' $21.600.000 $6.400.000 
(unescalated) ------ ------------ ----------------------------Annual $0 $0 

$0'- - - - - -- - - - - - - - - - - - - - - - - - -- $0'---------------------
O&M ._-

ARAR "" applicable or relevant and appropriate requirement 
NA = not applicable 

O&M "'" operation and maintenance 
ORNL = Oak Ridge National Laboratory 

1 Costs only for grouting; tanks and pipelines. Removal costs included in soil removal costs. , 
- Institutional control costs built into site~wide alternative costs. 

._- --
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Table D.S. Comparative evaluation of Cent rail East Bethel Valley soil alternatives, ORNL, OakRidge, Tennessee 

Alternative C-2 Alternative C-3 
Alternative C-l Iremoval to 3 m (10 ft) and to minimize [removal to 0.6 m (2 ft) and to minimize 

Criteria (no action) impacts to ~roundwaterl impacts to groundwater} 
Overall protection of human No protection from Two-phase removal protects ORNL Removal protects ORNL (restricted) 
health and the environment radiological workers in near-tenn and unrestricted workers along Vlith institutional controls. 

exposure or of industrial workers in future. Deeper Deeper soils still have unacceptable risk. 
groundwater excavation protects groundwater. Minimizes impacts to groWldwater from 

greatest soil sources through. removal. 
Compliance with ARARs NoARARs. Meets all ARARs. Meets all ARARs. 
Long-tenn effectiveness Not effective. Most effective and pennanent as most Effective: however does rely on 
and permanence contamination removed. Institutional institutional controls. 

controls necessary to prevent access below 
3 m (10 ft) or by a resident. 

Reduction of toxicity. No reduction of No reduction of toxicity. mobility. or No reduction oftoxicity. mobility. or 
mobility, or volwne through toxicity. mobility. volume through treatment. volume through freatment. 
treatment or volume through 

treatment. 
Short-tenn effectiveness No short-term Significant potential for worker exposure Potential for worker exposure dtuing soil 

impacts because no or accident or for transportation acci.?ents excavation. Potential for accidents from 
renledial actions due to removal of almost 765.000 m' transportation. These potentials can be 
taken. (1.000.000 yd') of soil. Potential can be controlled. 

controlled with a lot of engineering 
controls. 

Implementability Easy to implement. Teclmically feasible but difficult to Technically feasible. Deeper soil 
implement. Final soil removal almost excavation can be challenging but has been 
impossible until ORNL is inactive. done. No administrative difficulties. 
o.;estionable futore disposal outlets. Known disposal outlets. 

Base action cost Capital $0 $380.000.000' $61.400.000 
( unescalated) ------ ------------ $58.000"'- - - - - - - - - - - - - - - - - - - ---Annual $0 $86.0001 - - - - - - - - - - - - - - - - - - - - - -

O&M 
...... 

ARA.R "" applicable or relevant and appropriate requirement 
NA ""' not applicable 

O&M "" operation and maintenance 
ORNL "" Oak Ridge National Laboratory 

I Includes near-term $8,000.000 soil removal and future $374.000.000 soil removal. 

.2 Includes visual inspection, mowing. erosion control (All. C~2, until future lar¥e scale'soil action implemented). 

Alternative C-4 
[removal to 0.6 m (2 ft)] 

Removal protects ORNL (restricted) 
workers along mth institutional 
controls. Deeper soils still have 
oo3cceptable risk and potential 
impact on groundwater. 
Meets all ARARs. 
Effective for protecting human 
health although does rely on 
institutional controls. Does not 
minimize impacts to groundwater 
from soil sources. 
No reduction of toxicity. mobility. 
or volume through treatment. 

Potential for worker exposure during 
soil excavation a little less than 
Alternative C-3 since deeper soils 
not excavated.. Potential can be 
controlled. 

Technically feasible and a little 
easier than Alternative C-3 since 
deep soil not excavated. 

$60.200.000 

------------------------$58.000' 
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Table D.6. Comparative evaluation of Central/East Bethel Valley sediment and floodplain soil alternatives, ORNL, Oak Ridge, Tennessee 

.Alternative C-2 Alternative C-3 
Alternatil'e C-J [sediment and floodplain soil removal to {sediment and floodplain soil removal 

Criteria (no action) averaoe 1.5 m (5 Ct)l to 0.6 m (2 ft)l 
Overall protection of human No protection of Removal of all contaminated sediment to Removal of all contaminated sediment to 
health and the environment surface water or of protect surface waters and recreational protect surface waters and recreational 

recreational use of receptors plus Ooodplain soil to .protect receptors plus floodplain soil to protect 
creek. unrestricted industrial user requires almost controlled industrial user requires long-

no reliance on long-tenn controls. term control over the residual soil. 
Compliance with ARARs NoARARs. Meets all ARARs. Meets all ARARs. 
Long-tenu effectiveness Not effective. Effective and pennanent as all sediment Effective and pennanent for removed 
and pennalH~nce and floodplain soil contamination is sediment. Effectiveness for floodplain soil 

removed requires 10ngMtenn controls. 
Reduction of toxicity. No reduction of No reduction of toxicity. mOBility. or No reduction of toxicity. mobility. or 
mobility. or volume through toxicity. mobility. volume through treatment. volume through treatment. 
treatment or volume through 

treatment. 
ShortMteml effectiveness No shortMtenn Considerable shortMterm impacts to aquatic Very similar to Alternative CM2. 

impacts because no organisms located in or near sediment to Difference in floodplain soil volumes 
remedial action. be removed. Potential for slug releases of means lower transported volumes than 

sediment to Melton Valley during Altemative C-2. 
implementation. This impact can be 
controlled. 

implemelltability Easy to implement. Engineering controls required to control Very similar to Alternative C-2. Lower 
sediment releases during excavation volumes of excavated flood plain soil 
increase difficulty but still teclmically decreases difficulty. 
implementable. 

Base action cost Capital $0 $46.000.000 $19.600.000 
(unescalated) __ M ___ 

------------ -------~-------------------- ----------------------------Annual $0 $0 $0 
O&M 

MAR "" applicable or relevant and appropriate requirement 
NA "" not applicable 

O&M "" operation and maintenance 
ORNL = Oak Ridge National Laboratory 

~, 

Alternative C-4 
[sediment and Ooodplain soil 

removal to 0.6 m (2 ft)] 
See Alternative C-3. 

Meets all ARARs. 
See Alternative C-3. 

No reduction oftoxicity. mobility. 
or volume through treatment. 

See Alternative C-3. 

See Alternative C-3. 

$19.600.000 

------------------------$0 

~ 
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Table D.7. Comparative evaluation of Central lEast Bethel Valley groundwater alternatives, ORNL, Oak Ridge, Tennessee 

Alternative C-2a Alternative C-2b Alternative C-3a A1termitive C-3b 
(deep extraction, (deep extraction, (deep extraction, (deep extraction, 

Alternati,,'e e-t ex situ treatment of in situ treatment of ex situ treatment of in situ treatment of Alternative C-4 
Criteria (no action) VOC plume) VOCplume) VOCplume) VOCplume) (shallow extraction) 

Overall protection of human No protection of Protects surface Very similar to See Alternative C-2a See Alternative C- Protects surface water through 
health and the environment surface water nor water through Alternative C-2a. 2b removal. Does not attempt to reduce 

reduction in removal. Reduces Uses insitu groundwater concentrations. Relies 
groundwater concentrations but treatment on VOC on long-tenn institutional controls as 

concentrations. relies on long-tenn Plume. considerable contamination remains. 
iJ).stitutional controls 
as considerable 
contamination 
remains. 

Compliance with ARARs NoARARs Meets all ARARs. Meets all ARARs. Meets all ARARs. 

Long-tenn effectiveness Not effective. Most reliable Similar to Slightly less reliable as only the 
and pennanence because extracts Alternative C-2a minimwn necessary to protect 

more than necessary except effectiveness surface water is implemented. 
to protect surface ' of insitu treatment to See Alternative C-2a See Alternative C-
water causing the reduce VOC levels 2b 
mass of less certain at this 
contaminants to be stage. 
reduced. 

Reduction of toxicity. No reduction of Reduction of Reduction of See Alternative C-2a See Alternative C- See Alternative C-2a 
mobility. or volume tlrrough toxicity. mobility. toxicity and volume toxicity and volume 2b 
treatment or volume through through exsitu tlrrough exsitu and 

treatment. treatment. illsitu treatment. 
See Alternative C-2a See Alternative C-

2b 
Short-tenn effectiveness No short-ternl Minimal short-ternl See Alternative e- See Alternative C-2a See Alternative C- See Alternative C-2a. 

impacts because no effects on workers 2a. 2a. 
remedial action since little exposure. 
taken. No impacts to 

community or 
environment. 
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Table D.7. Comparative evaluation of Central/East Bethel Valley groundwater alternatives, ORNL, Oak Ridge, Tennessee (continued) 

~--~- --~ 

A1ternative C-2a 
(deep extraction, 

Alternative C-l ex situ treatment of 
Criteria (no action) VOC plume) 

Implementability Easy to implement. Treatment plants 
already operational 
and treating 
groundwater. 
Location of 
extraction most 
difficult. 

Base action cost Capital $4.200.000 
(unescalated) ------ ------------ $12300:000' - - --Annual 

O&M 

ARM = applicable or relevant and appropriate requirement 
NA = not applicable 
O&M '" operation and maintenance 
ORNL = Oak Ridge National Laboratory 
vae = volatile organic compolmd 

1 Water treatment costs 

Aiternativ~ C-2b I Alternative C-3a I Alternative C-3b I 
(deep extraction, (deep extraction, (deep extraction, 

in situ treatment of ex situ treatment of in situ treatment of Alternative C-4 
VOCplume) VOC plume) VOCplume) (shallow extraction) 

Similar to See Alternative C- See Alternative C- See Alternative C-2a 
Alternative C-2a 2a. 2b 
except less effort 
involved in insitu 
VOC treatment. 

$4.200.000 $4.200.000 $4.200.000 $2.100.000 

"$iijoo:ooo' - - - -- "$i2.500,000' - - - -- "$12.300.000'- - - -- -$9~oOO.OOO"- - - - - - - - - - - - - - --
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. Table D.S. Comparative evaluation of West Bethel Valley/Raccoon Creek buried waste/soil alternatives, ORNL, Oak Ridge, Tennessee 

Alternative W-l Alternative W-2 Alternative W-3 Alternative W-4a 
Criteria (no action) (removal) . (removal) (cap and orout) 

Overall protection of No protection Protectibn provided by See Alternative Containment and 
human health and the from radiological removal of all waste above W-2. institutional controls are 
environment exposure. unrestricted labels. No protective. Grout enhances 

reliance of institutional protection of groundwater. 
controls. 

Compliance with ARARs NoARARs. Meets all ARARs. Meets all ARARs. Meets all ARARs. 
Long-tenn effectiveness Not effective. Effective and penllanent See Alternative Although effectiveness 
and pennanence as all contamination in W-2. depends on long-tenn 

buried waste or soil is institutional controls. it is 
removed and disposed improved with grout which 
appropriately. would limit subsidence and 

lessen leaching to 
groundwater. 

Reduction of toxicity, No reduction of Some minor reduction of See Alternative Grouting of SWSA-3 would 
mobility. or volwne through toxicity. mobility. mobility may be needed on W-2. reduce mobility of those 
treatment or volume part of excavated waste to contaminants. 

through meet LDRs. 
treatment. 

Short-tenn effectiveness No short-tenn Significant waste vohmles See Alternative Noticeably less short-term 
impacts because (88.000 cy) would require W-2. impacts than from 
no remedial transportation as would Alternative W-2. 
action. borrow material. Large 

excavation activities 
increase potentia1 for 
worker ex-posure. 

Implementability Easy to Most difficult to See Alternative W-2 Some tec1mical challenges in 
implement implement. Parts of grouting buried waste. Much 

SWSA-3 may be easier than Alternative W-2. 
concreted and may be very 
contaminated. Standard 
equipment could be used 
but would occur slowly. 

Base action cost g~pJt.!'~ _ ~O ___________ _ $1QO .. Q<!'0~<!.0.9 _________ J1Q<!'·Q<!'0"<!.0.9.. ___ _ $}~ • .9Q<!..Qq.o ___________ 
(unescalated) Annual $0 $0 $0 $85.000 

_ O&M 

ARAR :::: applicable or relevant and appropriate requirement 
LOR:::: Land disposal restrictions 

O&M= operation and maintenance 
ORNL "" Oak Ridge National Laboratory 

NA'" not applicable 

Alternative W-4b Alternative W-S 
(cap) (cap) 

Contairunent and See Alternative W-
institutional controls 4b. 
are protective. 

Meets all ARARs. Meets all ARARs. 
Effectiveness See Alternative w-
depends on long-tenn 4b. 
institutional controls. 

No reduction of See Alternative W-4b 
toxicity. mobility. or 
volume through 
treatment. 

Least short-tenn See Alternative w-
impacts of any 4b. 
alternative. 

Caps are easy to See Alternative W-
implement. 4b. 

E·Q<!'O~<!.O.9 _______ ~7"<!.0.9,0.9.9 _______ 
$85.000 $85.000 
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Table D.9. Comparative evaluation of West Betbel Valley/Raccoon Creek groundwater alternatives, ORNL, Oak Ridge, Tennessee 

Alternative \VMl 
Criteria (no action) Alternative W·2 

Overall protection of Not protective of Currently protective of 
human health and the future use. surface water but 
environment extraction provides more 

security to provide 
protection in future. 
Relies on institutional 
controls to prevent use. 

Comoliance with ARARs NoARARs. Meets all ARARs. 
Long-tenn effectiveness Not effective. Effectiveness depends on 
and pemlanence long-term controls. 

Provides some mass 
reduction in groundwater. 

Reduction of toxicity. No reduction of Reduction in volume by 
mobility. or volume through toxicity. mobility. removal of Sr 00 by ion 
treatment or volume exchange. 

through 
treatment. 

Shortwtenn effectiveness No shortwtenn No significant shortwterrn 
impacts because impacts. Placement of a 
no remedial pipeline may disrupt some 
action. ecology but no sensitive 

: populations. 
Implementability Easy to Technically feasible but 

implement. transporting extracted 
water to treatment plant is 
a challenge. 

Base action cost Capital $0 $1.100.000 
(unescalated) ------ _____ w_www_w ------------------Annual $0 $2.800.000 

O&M 

AMR "" applicable or relevant and appropriate requirement 
NA "" not applicable 
O&M ::= operation and maintenance 
ORNL "" Oak Ridge National Laboratory 

Alternative W-3 Alternative W~4 Alternative W-5 
Currently protective See Alternative W~2. See Alternative W-3. 
of surface water. 
Provides 
institutional controls 
to prevent use. 
Monitoring can 
assess of conditions 
change. 
Meets all ARARs. Meets all ARARs. Meets all ARARs. 
Effectiveness See Alternative W-2. See Alternative W-3. 
depends on long-
term controls. 
Monitoring will 
identifY any 
changing conditions. 
No reduction of See Alternative Ww2. See Alternative W-3. 
toxicity. mobility. or 
volume through 
treatment. 

No short-tenn See Alternative WM2. See Alternative W-3. 
impacts. Actions 
are passive (controls 
and monitoring) 

Easy to implement. See Alternative Ww2. See Alternative WM3. 

$200.000 $1.100.000 $200.000 
____ ww_wwwwwww ---------------------------- --------------------$67.000 $2.800.000 $67.000 

---



APPENDIXE 

LAND PARCELS AVAILABLE FOR TRANSFER TO NON-FEDERAL 
OWNERSIllP 





il Source: Modified from Figure 1 of 
Covenant Deferral Request, 
Oak Ridge National Laboratory 
Facilities Revitalization Project, DOE, May 200 1. 
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Fig. E.!. Land parcels available for transfer to non-federal ownership. 
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